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MSP430F51x2 and MSP430F51x1 Mixed Signal Microcontrollers

Check for Samples: MSP430F5172, MSP430F5152, MSP430F5132, MSP430F5171, MSP430F5151, MSP430F5131

FEATURES

MSP430, Code Composer Studio are trademarks of Texas Instruments.

Low Supply Voltage Range:
3.6 VDownto 1.8V

Ultralow-Power Consumption

— Active Mode (AM): 180 pA/MHz

— Standby Mode (LPM3 WDT Mode, 3 V):
1.1 pA

— Off Mode (LPM4 RAM Retention, 3 V):
0.9 pA

— Shutdown Mode (LPM4.5, 3V): 0.25 pA

Wake Up From Standby Mode in Less Than

5pus

16-Bit RISC Architecture, Extended Memory,

40-ns Instruction Cycle Time

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)

— 32-kHz Crystals (XT1)

— High-Frequency Crystals up to 25 MHz
(XT1)

Hardware Multiplier Supports 32-Bit

Operations

Three-Channel DMA

Up to Twelve 5-V Tolerant Digital Push/Pull

I/Os With Up to 20-mA Drive Strength®

16-Bit Timer TDO With Three Capture/Compare
Registers and Support of High-Resolution
Mode

16-Bit Timer TD1 With Three Capture/Compare
Registers and Support of High-Resolution
Mode

16-Bit Timer TAO With Three Capture/Compare
Registers

Universal Serial Communication Interfaces ®
— USCI_AO Supports

— Enhanced UART Supports Auto-
Baudrate Detection

— IrDA Encoder and Decoder
— Synchronous SPI
— USCI_BO Supports
- I’c
— Synchronous SPI
10-Bit 200-ksps Analog-to-Digital Converter
(ADC)
— Internal Reference
— Sample-and-Hold
— Autoscan Feature
— Up to Eight External Channels, Two Internal
Channels, Including Temperature Sensor®
Up to 16-Channel On-Chip Comparator
Including an Ultralow-Power Mode®
Serial Onboard Programming, No External
Programming Voltage Needed
Table 1 Summarizes Available Family
Members

Available in 40-Pin QFN (RSB) and 38-Pin
TSSOP (DA), and 40-Pin Die-Sized BGA
Packages

For Complete Module Descriptions, See the
MSP430x5xx and MSP430x6xx Family User's
Guide (SLAU208)

APPLICATIONS

Analog and Digital Sensor Systems
LED Lighting

Digital Power Supply

Motor Control

Remote Controls

Thermostats

(1) Full functionality in the 40-pin QFN package options. For the

available features of other packages, see Terminal Functions.

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

All other trademarks are the property of their respective owners.

UNLESS OTHERWISE NOTED this document contains
PRODUCTION DATA information current as of publication date.
Products conform to specifications per the terms of Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.
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DESCRIPTION

The Texas Instruments MSP430™ family of ultralow-power microcontrollers consists 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 contribute to maximum code efficiency.
The digitally controlled oscillator (DCO) allows the devices to wake up from low-power modes to active mode in
less than 5 ps.

The MSP430F51x2 series are microcontroller configurations with two 16-bit high-resolution timers, universal
serial communication interfaces (USCI_AO and USCI_BO0), a 32-bit hardware multiplier, a high-performance 10-bit
analog-to-digital converter (ADC), an on-chip comparator, a three-channel DMA, 5-V tolerant I/Os, and up to
29 1/0 pins.

The MSP430F51x1 series are microcontroller configurations with two 16-bit high-resolution timers, universal
serial communication interfaces (USCI_AO and USCI_BO0), a 32-bit hardware multiplier, an on-chip comparator, a
three-channel DMA, 5-V tolerant I/Os, and up to 29 I/O pins.

Typical applications for these devices include analog and digital sensor systems, LED lighting, digital power
supply, motor control, remote controls, thermostats, digital timers, and hand-held meters

Table 1 summarizes the available family members.

Table 1. Family Members ®®

uscl
) Flash SRAM : ) . . | ADC1I0_A | Comp_B
Device Timer_A® | Timer_D® | Channel A: | Channel B: — S 110 Package
(KB) (KB) - - UART,I'DA, |  SPI, ’C (ch) (ch) g
SPI
) 40 QFN
9 ext, 2 int 16 31
MSP430F5172 32 2 3 3,3 1 1 40 DSBGA®
8 ext, 2 int 15 29 38 TSSOP
) 40 QFN
9 ext, 2 int 16 31
MSP430F5152 16 2 3 3,3 1 1 40 DSBGA®
8 ext, 2 int 15 29 38 TSSOP
) 40 QFN
9 ext, 2 int 16 31
MSP430F5132 8 1 3 3,3 1 1 40 DSBGA®
8 ext, 2 int 15 29 38 TSSOP
40 QFN
16 31 Q
MSP430F5171 32 2 3 3,3 1 1 - 40 DSBGA®
15 29 38 TSSOP
40 QFN
16 31 Q
MSP430F5151 16 2 3 3,3 1 1 - 40 DSBGA®
15 29 38 TSSOP
40 QFN
16 31 Q
MSP430F5131 8 1 3 3,3 1 1 - 40 DSBGA®
15 29 38 TSSOP

(1) For the most current package and ordering information, see the Package Option Addendum at the end of this document, or see the Tl
web site 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_D 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_D, the first
instantiation having 3 and the second instantiation having 5 capture compare registers and PWM output generators, respectively.

(5) Product Preview
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Functional Block Diagram, MSP430F51x2

DvcC AvCC DvIO P1.x P2.x P3.x PJ.x
RST/NMI | DVSS AVSS DVSS 8 8 8 7
XIN X?t” | | | | A A A A
. v vV VY VvV ; ; ; ;
. ACLK
Unified B 32KB 2KB Power SYS 1/0 Ports 1/0 Ports 1/0 Ports 1/0 Ports
Clock 16KB 2KB Management
System 8KB 1KB Watchdog P1 P2 P3 PJ
—»SMCLK 81/0s 81/0s 81/0s 710s
Flash RAM LDO Port 2x 5V 20mA | | 8x 5V 20mA | | 2x 5V 20mA
SVM/SVS Mapping Interrupt Interrupt
Brownout Controller | | and Wakeup | | and Wakeup
MCLK Pullup/down | | Pullup/down | | Pullup/down | | Pullup/down
L |_Resistors || Resistors || Resistors || Resistors |
CPUXV2 3 DMA
and
Working Channel
Regi S|
EEM
(S:3+1)
TDO TD1 COMP B
JTAG/ -
SBW TAO Timer D || Timer_D uscl ADC10_A || o otomnets || REF CRC16
Interface <256 MHz || <256 MHz )
MPY32 || Timer A 3cc 3cC AQ: UART, 20:)0KBSI:=S High,
3cC Registers || Registers IrDA, SPI Medium, and|| Voltage
Registers | | With Buffer| | With Buffer Ultralc,:w Reference
EventContro| EventControf [BO: SPI, 12C| (9 Channels Power
Modes
Functional Block Diagram, MSP430F51x1
Dvcc AvCC DviO P1.x P2.x P3.x PJ.x
RST/NMI | DVsS AVSS DVSS 8 8 8 7
XIN XouT | | | | | A A A A
A
. v vV vV VvV ; ; ;
ACLK
Unified > 32KB 2KB Power SYS 1/0 Ports 1/0 Ports 1/0 Ports 1/0 Ports
Clock 16KB 2KB Management|
System 8KB 1KB Watchdog P1 P2 P3 PJ
> SMCLK 81/0s 81/0s 81/0s 71/0s
Flash RAM LDO Port 2x 5V 20mA | | 8x 5V 20mA | | 2x 5V 20mA
SVM/SVS Mapping Interrupt Interrupt
Brownout Controller | | and Wakeup | | and Wakeup
MCLK Pullup/down | | Pullup/down | | Pullup/down | | Pullup/down
y Resistors Resistors Resistors Resistors
CPUXV2 3 DMA
and
Working Channel
Regi S|
EEM
(8: 3+1)
TDO TD1 COMP B
JTAG/ . . sc -
SBW TAO Timer_D Timer_D uscli 16 Channels REF CRC16
Interface <256 MHz <256 MHz
MPY32 Timer_A 3CC 3CC A0: UART, High,
3CC Registers || Registers || IrDA, SPI Medium, and|| Voltage
Registers | | With Buffer| | With Buffer Ultralow Reference
EventContro| EventContro| |BO: SPI, 12C Power
Modes

3
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Pin Designation, MSP430F51x2IRSB and MSP430F51x1IRSB
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uduuduguuguuu
P1.0/PM_UCAOCLK/PM_UCBOSTE/A0*/CBO[D 1 3938373635343332 (] P3.3/PM_TAOCLK/PM_CBOUT/CB13

P1.1/PM_UCAOTXD/PM_UCAOSIMO/AT*/CB1[D2 | 129 P3.2/PM_TD0.0/PM_SMCLK/CB14
P1.2/PM_UCAORXD/PM_UCAOSOMI/A2*/CB2[D3 | 128 | PJ.6/TD1CLK/TD0.1/CB15
P1.3/PM_UCBOCLK/PM_UCAOSTE/A3*/CB3[D4 | 127C] DVCC
P1.4/PM_UCBOSIMO/PM_UCBOSDA/A4*/CB4[ D5 | RSB PACKAGE [26(C] DVSS
P1.5/PM_UCBOSOMI/PM_UCBOSCL/A5*/CB5[O6 | (TOP VIEW) |25 VCORE
PJ.0/SMCLK/TDO/CB6 [D7 | 124C] P3.1/PM_TEC1FLTO/PM_TD1.2
PJ.1/MCLK/TDI/TCLK/CB7 [>8 | 123 P3.0/PM_TEC1FLT2/PM_TD1.1
PJ.2/ADC10CLK/TMS/CB8[D9 | P2.7/PM_TEC1CLR/PM_TEC1FLT1/PM_TD1.0
PJ.3/ACLK/TCK/CB9 D 1 P2.6/PM_TECOFLT1/PM_TDO0.2

N

N

P2.0/PM_TD0.2[D & .
N

P1.7/PM_TD0.1D
P2.1/PM_TD1.0D =

P2.5/PM_TECOFLTO/PM_TDO.1 [©

P1.6/PM_TD0.0D
P2.2/PM_TD1.1D &
P2.3/PM_TD1.2 D &

P2.4/PM_TECOCLR/PM_TECOFLT2/PM_TDO0.0 [© c_o\\ _

* Only MSP430F51x2 devices
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Pin Designation, MSP430F51x2IDA and MSP430F51x1IDA

AVCC

PJ.4/XOUT

PJ.5/XIN

AVSS
P1.0/PM_UCAOCLK/PM_UCBOSTE/AQ0*/CBO
P1.1/PM_UCAOTXD/PM_UCAO0SIMO/A1*/CB1
P1.2/PM_UCAORXD/PM_UCAQOSOMI/A2*/CB2
P1.3/PM_UCBOCLK/PM_UCAOQOSTE/A3*/CB3
P1.4/PM_UCBOSIMO/PM_UCBO0SDA/A4*/CB4
P1.5/PM_UCB0OSOMI/PM_UCBOSCL/A5*/CB5
PJ.0/SMCLK/TDO/CB6
PJ.1/MCLK/TDI/TCLK/CB7
PJ.2/ADC10CLK/TMS/CB8
PJ.3/ACLK/TCK/CB9

P1.6/PM_TDO0.0

P1.7/PM_TDO.1

P2.0/PM_TDO0.2

P2.1/PM_TD1.0

* Only MSP430F51x2 P2.2/PM_TD1.1

BOAOAANAANAAABAANAH

© 0 N O g b~ WN =

A A A a4 a4 A
© 0 N O o~ WN = O

O

DA PACKAGE
(TOP VIEW)

38
37|
36
35
34
33
32
31
30

28
27
26
25
24
23
22
21
20

P3.6/PM_TA0.1/A7*/VEREF-*/CB11
P3.5/PM_TA0.2/A8*/VEREF+*/CB12
RST/NMI/SBWTDIO
TEST/SBWTCK
P3.3/PM_TAOCLK/PM_CBOUT/CB13
P3.2/PM_TDO0.0/PM_SMCLK/CB14
PJ.6/TD1CLK/TD0.1/CB15
DVCC
DVSS
VCORE
P3.1/PM_TEC1FLTO/PM_TD1.2
P3.0/PM_TEC1FLT2/PM_TD1.1
P2.7/PM_TEC1CLR/PM_TEC1FLT1/PM_TD1.0
P2.6/PM_TECOFLT1/PM_TDO0.2
P2.5/PM_TECOFLTO/PM_TDO.1
P2.4/PM_TECOCLR/PM_TECOFLT2/PM_TDO0.0

- DVSS

- DVIO

T P2.3/PM_TD1.2
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Pin Designation, MSP430F5172IYFF, MSP430F5132IYFF, and MSP430F51711YFF

YFF PACKAGE

(TOP VIEW)

X
P25 P30 P31 VCORE DVSS DVCC P33
(F7; ({F6} {F5; ({F4; (F3} (F2} {F1}
pvss P26 P27 TEST PJ6 P32 P34
e () () () (B0 (20 {EM)
Dvio  Pz4 P23 AVCC  RST P37
(D7) {D6; (D5} (D3} {D2) (D1}

o | W2 A AS
P22 P20 PJ3 AVSS P35 P36
{cr) (cej {Cs) {c3) (c2) {ct1}
P21 P17 PRJ1 P14 P12 P10 PJ4
(e} (me) (ms) (B4) (B} (B2} {B1)
P16 RJ2  PJO P15 P13 PLT1  PJS
(AT} (AB)  {AS) (A4} (A3} (A2} (A1}
- : :

YFF PACKAGE
(BALL-SIDE VIEW)

)
@2 @3 @3 @2 @3
< < © © o @
(¢} B » ~ £ w
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DVSS VCORE P3.1

PJ6  TEST P27
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Package Dimensions: Table 2 shows the package dimensions for the YFF package. See the package drawing

at the end of this data sheet for more details.

Table 2. YFF Package Dimensions

MSP430F5132IYFF

MSP430F5152IYFF

MSP430F5172IYFF

PACKAGED DEVICES D (mm) E (mm)
MSP430F5131IYFF
MSP430F5151IYFF
MSP430F5171IYFF
2.76 £ 0.03 3.06 +0.03
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Terminal Functions

Table 3. Terminal Functions

TERMINAL
NO. lIo® DESCRIPTION
NAME
RSB | DA | YFF
P1.0/ General-purpose digital 1/0
PM_UCAOCLK/ Clock signal input — USCI_AO SPI slave mode
1 5 B2 /o Clock signal output — USCI_AO0 SPI master mode
PM_UCBOSTE/ Slave transmit enable — USCI_BO0 SPI mode
A0®)y Analog input A0 — 10-bit ADC®
CBO Comparator_B Input 0
P1.1/ General-purpose digital 1/0
PM_UCAOQTXD/ Transmit data — USCI_AO0 UART mode
PM_UCAOSIMO/ 2 6 A2 1/0 Slave in, master out — USCI_AO0 SPI mode
AL®)y Analog input A1 — 10-bit ADC®
CB1 Comparator_B Input 1
P1.2/ General-purpose digital 1/0
PM_UCAORXD/ Receive data — USCI_AO0 UART mode
PM_UCAOSOMI/ 3 7 B3 1/0 Slave out, master in — USCI_AO0 SPI mode
A20); Analog input A2 — 10-bit ADC®
CB2 Comparator_B Input 2
P1.3/ General-purpose digital 1/0
PM_UCBOCLK/ Clock signal input — USCI_BO SPI slave mode
4 8 A3 /o Clock signal output — USCI_BO SPI master mode
PM_UCAOSTE/ Slave transmit enable — USCI_AO0 SPI mode
A3®)y Analog input A3 — 10-bit ADC®
CB3 Comparator_B Input 3
P1.4/ General-purpose digital 1/0
PM_UCBOSIMO/ Slave in, master out — USCI_BO SPI mode
PM_UCBOSDA/ 5 9 B4 /10 12C data — USCI_BO 12C mode
A4@)y Analog input A4 — 10-bit ADC®
CB4 Comparator_B Input 4
P1.5/ General-purpose digital 1/0
PM_UCBOSOMI/ Slave out, master in — USCI_BO0 SPI mode
PM_UCBOSCL/ 6 10 A4 1/0 12C clock — USCI_BO 12C mode
A5@)y Analog input A5 — 10-bit ADC®
CB5 Comparator_B Input 5
PJ.0/ General-purpose digital 1/0
SMCLK/ SMCLK clock output
TDO/ ! 1 AS Vo Test data output port
CB6 Comparator_B Input 6
PJ.1/ General-purpose digital 1/0
MCLK/ MCLK clock output
TDI/TCLK/ 8 12 B5 Vo Test data input or test clock input
CB7 Comparator_B Input 7
PJ.2/ General-purpose digital 1/0
ADC10CLK/ ADC10_A clock output
TMS/ 9 13 A6 Vo Test mode select
CB8 Comparator_B Input 8
PJ.3/ General-purpose digital 1/0
ACLK/ ACLK output port
TCK/ 10 14 cs Vo Test clock
CB9 Comparator_B Input 9
P1.6/ 1 15 A7 /0, General-purpose digital 1/0
PM_TDO0.0 DV,o | TDO CCRO compare output/capture input
P1.7/ 12 16 B6 /0, General-purpose digital 1/0
PM_TDO.1 DV|o | TDO CCR1 compare output/capture input
P2.0/ 13 17 cé /0, General-purpose digital 1/0
PM_TDO0.2 DV,o | TDO CCR2 compare output/capture input
(1) 1=input, O = output, N/A = not available on this package offering

(2) The ADC10_A module is available on MSP430F51x2 devices. The secondary pin functions Ax (ADC10_A channel x) available only in
MSP430F51x2 devices.
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Table 3. Terminal Functions (continued)

TERMINAL
NO. l1o® DESCRIPTION
NAME
RSB | DA | YFF
pP2.1/ 14 18 B7 /0, General-purpose digital 1/0
PM_TD1.0 DV|o | TD1 CCRO compare output/capture input
pP2.2/ 15 19 c7 /0, General-purpose digital 1/0
PM_TD1.1 DV,o | TD1 CCR1 compare output/capture input
pP2.3/ 16 20 D5 /0, General-purpose digital 1/0
PM_TD1.2 DV|o | TD1 CCR2 compare output/capture input
DVIO 17 21 D7 5V tolerant digital I/O power supply
DVSS 18 22 E7 Digital ground supply
P2.4/ General-purpose digital 1/0
PM_TECOCLR/ 19 23 D6 /0, TDO external clear input/TDO fault input channel 2 (controlled by module input enable)
PM_TECOFLT2/ DVio
PM_TDO0.0 TDO CCRO compare output
pP2.5/ /o General-purpose digital 1/0
PM_TECOFLTO/ 20 24 F7 DV’ TDO fault input channel 0
PM_TDO.1 0 | TDO CCR1 compare output
P2.6/ /o General-purpose digital 1/0
PM_TECOFLT1/ 21 25 E6 DV’ TDO fault input channel 1
PM_TDO.2 0 | TDO CCR2 compare output
pP2.7/ General-purpose digital 1/0
PM_TEC1CLR/ 29 26 E5 1/0, TD1 external clear/TD1 fault input channel 1 (controlled by module input enable)
PM_TEC1FLT1/ DVio
PM_TD1.0 TD1 CCRO compare output
P3.0/ /o General-purpose digital 1/0
PM_TEC1FLT2/ 23 27 F6 DV, TD1 fault input channel 2
PM_TD1.1 0| TD1 CCR1 compare output
P3.1/ /o General-purpose digital 1/0
PM_TEC1FLTO/ 24 28 F5 DV, TD1 fault input channel 0
PM_TD1.2 0 | TD1 CCR2 compare output
VCORE 25 29 F4 Regulated core power supply
DVSS 26 30 F3 Digital ground supply
DvCC 27 31 F2 Digital power supply
PJ.6/ General-purpose digital 1/0
TD1CLK/ TD1 clock input
TDO.1/ 28 32 E3 Vo TDO CCR1 compare output
CB15 Comparator_B Input 15
P3.2/ General-purpose digital 1/0
PM_TDO0.0/ TDO CCRO capture input
PM_SMCLK/ 29 33 E2 Vo SMCLK output
CB14 Comparator_B Input 14
P3.3/ General-purpose digital 1/0
PM_TAOCLK/ TAO clock input
PM_CBOUT/ 30 34 F1 Vo Comparator_B output
CB13 Comparator_B Input 13
P3.4/ General-purpose digital 1/0
PM_TDOCLK/ 31 - E1l lfe} TDO clock input
PM_MCLK MCLK output
TEST/ 32 35 E4 Test mode pin — select digital I/O on JTAG pins
SBWTCK Spy-Bi-Wire input clock
RST/ Reset input active low®
NMI/ 33 36 D2 Non-maskable interrupt input
SBWTDIO Spy-By-Wire data input/output

(3) When this pin is configured as reset, the internal pullup resistor is enabled by default.
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Table 3. Terminal Functions (continued)

TERMINAL
NAME NO. l1o® DESCRIPTION
RSB | DA | YFF
p3.5/ General-purpose digital 1/0
PM TAO.2/ TAO CCR2 compare output/capture input
As® 3 | 37 | b1 /o | Analog input A8 — 10-bit ADC®
VEREF+/ Positive terminal for the ADC's reference voltage for an external applied reference
CB12 voltage
Comparator_B Input 12
p3.6/ General-purpose digital 1/0
PM TAO.1/ TAO CCR1 compare output/capture input
Ar@® 35 | 38 | c1 yo |Analog input A7 — 10-bit ADC®
VEREE-/ Negative terminal for the ADC's reference voltage for an external applied reference
CBI1 voltage
Comparator_B Input 11
P3.7/ General-purpose digital 1/0
PM_TAO0.0/ ) TAO CCRO compare output/capture input
A6@) 36 C2 | VO | Analog input A6 — 10-bit ADC@
CB10 Comparator_B Input 10
AVCC 37 1 D3 Analog power supply
PJ.4/ General-purpose digital 1/0
XOuUT 38 2 B1 Vo Output terminal of crystal oscillator
PJ.5/ General-purpose digital 1/0
XIN 39 3 Al Vo Input terminal for crystal oscillator
AVSS 40 4 C3 Analog ground supply
QFN pad - NA | NA Recommended to connect to DVSS externally

(4) The ADC10_A module is available on MSP430F51x2 devices. The secondary pin functions Ax (ADC10_A channel x) available only in
MSP430F51x2 devices.
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Development Tools Support

All MSP430™ microcontrollers are supported by a wide variety of software and hardware development tools.
Tools are available from Tl and various third parties. See them all at www.ti.com/msp430tools.

Hardware Features
See the Code Composer Studio for MSP430 User's Guide (SLAU157) for details on the available features.

MSP430 4-Wire 2-Wire Break- hange Clock State Trace | poie®
Architecture JTAG JTAG p N) points Control Sequencer Buffer Sup%?)rtg
MSP430Xv2 Yes Yes 3 Yes Yes No No No

Recommended Hardware Options

Target Socket Boards

The target socket boards allow easy programming and debugging of the device using JTAG. They also feature
header pin outs for prototyping. Target socket boards are orderable individually or as a kit with the JTAG
programmer and debugger included. The following table shows the compatible target boards and the supported
packages.

Package Target Board and Programmer Bundle Target Board Only
40-pin WQFN (RSB) MSP-FET430U40 MSP-TS430RSB40

Experimenter Boards

Experimenter Boards and Evaluation kits are available for some MSP430 devices. These kits feature additional
hardware components and connectivity for full system evaluation and prototyping. See www.ti.com/msp430tools
for details.

Debugging and Programming Tools

Hardware programming and debugging tools are available from Tl and from its third party suppliers. See the full
list of available tools at www.ti.com/msp430tools.

Production Programmers

The production programmers expedite loading firmware to devices by programming several devices
simultaneously.

Part Number PC Port Features Provider
MSP-GANG Serial and USB | Program up to eight devices at a time. Works with PC or standalone. Texas Instruments

Recommended Software Options

Integrated Development Environments
Software development tools are available from TI or from third parties. Open source solutions are also available.
This device is supported by Code Composer Studio™ IDE (CCS).

MSP430Ware

MSP430Ware is a collection of code examples, data sheets, and other design resources for all MSP430 devices
delivered in a convenient package. In addition to providing a complete collection of existing MSP430 design
resources, MSP430Ware also includes a high-level API called MSP430 Driver Library. This library makes it easy
to program MSP430 hardware. MSP430Ware is available as a component of CCS or as a standalone package.

10 Submit Documentation Feedback Copyright © 2010-2013, Texas Instruments Incorporated
Product Folder Links: MSP430F5172 MSP430F5152 MSP430F5132 MSP430F5171 MSP430F5151 MSP430F5131


http://www.ti.com/product/msp430f5172?qgpn=msp430f5172
http://www.ti.com/product/msp430f5152?qgpn=msp430f5152
http://www.ti.com/product/msp430f5132?qgpn=msp430f5132
http://www.ti.com/product/msp430f5171?qgpn=msp430f5171
http://www.ti.com/product/msp430f5151?qgpn=msp430f5151
http://www.ti.com/product/msp430f5131?qgpn=msp430f5131
http://www.ti.com
http://www.ti.com/msp430tools
http://www.ti.com/lit/pdf/SLAU157
http://www.ti.com/tool/MSP-FET430U40
http://www.ti.com/tool/MSP-TS430RSB40
http://www.ti.com/msp430tools
http://www.ti.com/msp430tools
http://www.ti.com/tool/MSP-GANG
http://www.ti.com/tool/msp430ware
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLAS619J&partnum=MSP430F5172
http://www.ti.com/product/msp430f5172?qgpn=msp430f5172
http://www.ti.com/product/msp430f5152?qgpn=msp430f5152
http://www.ti.com/product/msp430f5132?qgpn=msp430f5132
http://www.ti.com/product/msp430f5171?qgpn=msp430f5171
http://www.ti.com/product/msp430f5151?qgpn=msp430f5151
http://www.ti.com/product/msp430f5131?qgpn=msp430f5131

B TEXAS MENTS MSP430F5172, MSP430F5152, MSP430F5132
MSP430F5171, MSP430F5151, MSP430F5131

www.ti.com SLAS619J —AUGUST 2010—-REVISED OCTOBER 2013

Command-Line Programmer

MSP430 Flasher is an open-source, shell-based interface for programming MSP430 microcontrollers through a
FET programmer or eZ430 using JTAG or Spy-Bi-Wire (SBW) communication. MSP430 Flasher can be used to
download binary files (.txt or .hex) files directly to the MSP430 microcontroller without the need for an IDE.

Community Resources

The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute Tl specifications and do not necessarily reflect Tl's views; see TlI's Terms of
Use.

Tl E2E Community

TI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration among engineers. At e2e.ti.com, you
can ask questions, share knowledge, explore ideas, and help solve problems with fellow engineers.

TI Embedded Processors Wiki

Texas Instruments Embedded Processors Wiki. Established to help developers get started with embedded

processors from Texas Instruments and to foster innovation and growth of general knowledge about the
hardware and software surrounding these devices.

Device and Development Tool Nomenclature

To designate the stages in the product development cycle, Tl assigns prefixes to the part numbers of all
MSP430™ MCU devices and support tools. Each MSP430™ MCU commercial family member has one of three
prefixes: MSP, PMS, or XMS (for example, MSP430F5259). Texas Instruments recommends two of three
possible prefix designators for its support tools: MSP and MSPX. These prefixes represent evolutionary stages of
product development from engineering prototypes (with XMS for devices and MSPX for tools) through fully
qualified production devices and tools (with MSP for devices and MSP for tools).

Device development evolutionary flow:
XMS — Experimental device that is not necessarily representative of the final device's electrical specifications

PMS —Final silicon die that conforms to the device's electrical specifications but has not completed quality and
reliability verification

MSP — Fully qualified production device
Support tool development evolutionary flow:

MSPX — Development-support product that has not yet completed Texas Instruments internal qualification
testing.

MSP — Fully-qualified development-support product
XMS and PMS devices and MSPX development-support tools are shipped against the following disclaimer:
"Developmental product is intended for internal evaluation purposes.”

MSP devices and MSP development-support tools have been characterized fully, and the quality and reliability of
the device have been demonstrated fully. TI's standard warranty applies.

Predictions show that prototype devices (XMS and PMS) have a greater failure rate than the standard production
devices. Texas Instruments recommends that these devices not be used in any production system because their
expected end-use failure rate still is undefined. Only qualified production devices are to be used.

Tl device nomenclature also includes a suffix with the device family name. This suffix indicates the package type
(for example, PZP) and temperature range (for example, T). Figure 1 provides a legend for reading the complete
device name for any family member.
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Part Number Decoder
MSP 430 F 5 438 A | ZQW T XX

Processor Family

430 MCU Platform

Optional: Additional Features

Optional: Tape and Reel

Device Type Packaging
Series Optional: Temperature Range
Feature Set Optional: A = Revision
Processor Family CC = Embedded RF Radio

MSP = Mixed Signal Processor
XMS = Experimental Silicon
PMS = Prototype Device

430 MCU Platform TI's Low Power Microcontroller Platform
Device Type Memory Type Specialized Application
C =ROM AFE = Analog Front End
F = Flash BT = Preprogrammed with Bluetooth
FR = FRAM BQ = Contactless Power
G = Flash or FRAM (Value Line) | CG = ROM Medical
L = No Nonvolatile Memory FE = Flash Energy Meter

FG = Flash Medical
FW = Flash Electronic Flow Meter

Series 1 Series = Up to 8 MHz 5 Series = Up to 25 MHz
2 Series = Up to 16 MHz 6 Series = Up to 25 MHz w/ LCD
3 Series = Legacy 0 = Low Voltage Series
4 Series = Up to 16 MHz w/ LCD

Feature Set Various Levels of Integration Within a Series

Optional: A = Revision N/A

Optional: Temperature Range| S = 0°C to 50°C
C=0°Cto70°C

1 =-40°C to 85°C
T =-40°C to 105°C

Packaging www.ti.com/packaging

Optional: Tape and Reel T = Small Reel (7 inch)
R = Large Reel (11 inch)
No Markings = Tube or Tray

Optional: Additional Features| *-EP = Enhanced Product (-40°C to 105°C)
*-HT = Extreme Temperature Parts (-55°C to 150°C)

Figure 1. Device Nomenclature
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Short-Form Description

CPU | Program Counter | Pcrro
The MSP430 CPU has a 16-bit RISC architecture | Stack Pointer | SP/R1
that is highly transparent to the application. All
operations, other than program-flow instructions, are | Status Register | smicGiRr2
performed as register operations in conjunction with
seven addressing modes for source operand and four [ Constant Generator | CG2/R3
addressing modes for destination operand. [ General-Purpose Register | R4
The CPU is integrated with 16 registers that provide G n Redist
reduced instruction execution time. The register-to- [_General-Purpose Register | RS
register operation execution time is one cycle of the [ General-Purpose Register |  R6
CPU clock.
= . . | General-Purpose Register | R7
our of the registers, RO to R3, are dedicated as
program counter, stack pointer, status register, and | General-Purpose Register | RS
constant generator, respectively. The remaining
registers are general-purpose registers. [ General-Purpose Register | R9
Peripherals are connected to the CPU using data, [ General-Purpose Register |  R10
address, and control buses and can be handled with
all instructions. [ General-Purpose Register |  R11
Instruction Set [ General-Purpose Register |  R12
The instruction set consists of the original 51 [ General-Purpose Register |  R13
instructions with three formats and seven address [ General-Purpose Register | R14
modes and additional instructions for the expanded P 9
address range. Each instruction can operate on word [ General-Purpose Register |  R15
and byte data. Table 4 shows examples of the three
types of instruction formats; Table 5 shows the
address modes.
Table 4. Instruction Word Formats
FORMAT EXAMPLE OPERATION

Dual operands, source-destination ADD R4,R5 R4 + R5 —» R5
Single operands, destination only CALL RS8 PC — (TOS), R8 — PC
Relative jump, un/conditional JINE Jump-on-equal bit = 0

Table 5. Address Mode Descriptions

ADDRESS MODE s® | p® SYNTAX EXAMPLE OPERATION
Register + + MOV Rs,Rd MOV R10,R11 R10 —» R11
Indexed + + MOV X(Rn),Y(Rm) MOV 2(R5),6(R6) M(2+R5) — M(6+R6)
Symbolic (PC relative) + + MOV EDE,TONI M(EDE) — M(TONI)
Absolute + + MOV & MEM, & TCDAT M(MEM) — M(TCDAT)
Indirect + MOV @Rn,Y(Rm) MOV @R10,Tab(R6) M(R10) — M(Tab+R6)
. . M(R10) — R11
Indirect autoincrement + MOV @Rn+,Rm MOV @R10+,R11 R10 + 2 — R10
Immediate + MOV #X,TONI MOV #45,TONI #45 — M(TONI)
(1) S =source, D = destination
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Operating Modes

The MSP430 has one active mode and six software-selectable low-power modes of operation. An interrupt event
can wake up the device from any of the five low-power modes, service the request, and restore back to the low-
power mode on return from the interrupt program.
The following seven operating modes can be configured by software:
» Active mode (AM)
— All clocks are active
e Low-power mode 0 (LPMO)
— CPU is disabled
— ACLK and SMCLK remain active
— MCLK is disabled
— FLL loop control remains active
* Low-power mode 1 (LPM1)
— CPU is disabled
— FLL loop control is disabled
— ACLK and SMCLK remain active
— MCLK is disabled
* Low-power mode 2 (LPM2)
— CPU is disabled
— MCLK, FLL loop control, and DCOCLK are disabled
— DCO's dc-generator remains enabled
— ACLK remains active
* Low-power mode 3 (LPM3)
— CPU is disabled
— MCLK, FLL loop control, and DCOCLK are disabled
— DCO's dc-generator is disabled
— ACLK remains active
* Low-power mode 4 (LPM4)
— CPU is disabled
— ACLK is disabled
— MCLK, FLL loop control, and DCOCLK are disabled
— DCO's dc-generator is disabled
— Crystal oscillator is stopped
— Complete data retention
* Low-power mode 5 (LPM4.5)
— Internal regulator disabled
— No data retention
— Wakeup from RST/NMI, P1, and P2
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Interrupt Vector Addresses

The interrupt vectors and the power-up start address are located in the address range OFFFFh to OFF80h. The
vector contains the 16-bit address of the appropriate interrupt-handler instruction sequence.

Table 6. Interrupt Sources, Flags, and Vectors

SYSTEM WORD
INTERRUPT SOURCE INTERRUPT FLAG INTERRUPT ADDRESS | PRIORITY
System Reset
Power-Up
External Reset WDTIFG, KEYV (SYSRSTIV)® @ Reset OFFFEh 63, highest
Watchdog Timeout, Key Violation
Flash Memory Key Violation
Sys;,el\TMNM' SVMLIFG, SVMHIFG, DLYLIFG, DLYHIFG,
Vacant Memory Access VLRLIFG, VLRHIFG, VMAIFG, J(I\ﬂBNIFG, (Non)maskable OFFFCh 62
TTAG Mailbox JMBOUTIFG (SYSSNIV)
User NMI
NMmI Oxe)
Oscillator Fault NMIIFG, OFIFG, ACCVIFG (SYSUNIV) (Non)maskable OFFFAh 61
Flash Memory Access Violation
Comp_B CBIIFG, CBIFG (CBIV)® ©) Maskable OFFF8h 60
TECOFLTIFG, TECOEXCLRIFG,
TECO TECOAXCLRIEG D @ Maskable OFFF6h 59
TDO TDOCCRO CCIFGO @ Maskable OFFF4h 58
TDOCCR1 CCIFGL, ... TDOCCR2 CCIFG2,
TDO TDOIFG, TDOHFLIFG, TDOHFHIFG, TDOHLKIFG, Maskable OFFF2h 57
TDOHUNLKIFG (TDOIV)® @)
Watchdog Timer_A Interval WDTIFG Maskable OFFFOh 56
Timer Mode
USCI_AO Receive or Transmit UCAORXIFG, UCAOTXIFG (UCAOIV)® () Maskable OFFEEh 55
) h UCBORXIFG, UCBOTXIFG, 12C Status Interrupt
USCI_BO Receive or Transmit Flags (UCBOIV)® @ Maskable OFFECh 54
ADC10IFGO, ADC10INIFG, ADC10LOIFG,
ADC10_A (MSP430F51x2 only) | ADC10HIIFG, ADC10TOVIFG, ADC100VIFG Maskable OFFEAh 53
(ADC101V)® @)
TAO TAOCCRO CCIFGO® Maskable OFFES8h 52
TAOCCR1 CCIFG1 ... TAOCCR2 CCIFG2,
TAO TAOIFG (TA0IV)® G Maskable OFFE6h 51
DMA DMAOIFG, DMALIFG, DMA2IFG (DMAIV)®) @) Maskable OFFE4h 50
TECIFLTIFG, TECIEXCLRIFG,
TEC1 TEClAXCLR”:G(l) () Maskable OFFE2 49
TD1 TD1CCRO CCIFGO®) Maskable OFFEOh 48
TD1CCR1 CCIFG1 ... TDICCR2 CCIFG2,
D1 TD1IFG, TDIHFLIFG, TD1HFHIFG, TD1HLKIFG, Maskable OFFDEh 47
TDI1HUNLKIFG (TD1Iv)® @)
I/0 Port P1 P1IFG.0 to P1IFG.7 (P1IV)® @) Maskable OFFDCh 46
I/0 Port P2 P2IFG.0 to P2IFG.7 (P2IV)®D @) Maskable OFFDAR 45
OFFD8h 44
Reserved Reserved® : :
OFF80h 0, lowest

(1) Multiple source flags

(2) Arreset is generated if the CPU tries to fetch instructions from within peripheral space or vacant memory space.
(Non)maskable: the individual interrupt-enable bit can disable an interrupt event, but the general-interrupt enable cannot disable it.
(3) Interrupt flags are located in the module.
(4) Reserved interrupt vectors at addresses are not used in this device and can be used for regular program code if necessary. To maintain
compatibility with other devices, it is recommended to reserve these locations.
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Memory Organization

MSP430F5132, MSP430F5131 | MSP430F5152, MSP430F5151 | MSP430F5172, MSP430F5171
Memory Size 8KB 16KB 32KB
Main: interrupt vector Flash O0OFFFFh to 00FF80h 00FFFFh to OOFF80h 00FFFFh to 0OOFF80h
Main: code memory Flash OOFFFFh to 00EO0Oh O00OFFFFh to 00C000h OOFFFFh to 008000h
RAM Size 1KB 2KB 2KB
Sector 0 001FFFh to 001C00h 0023FFh to 001C00h 0023FFh to 001C00h
Size 512 Byte 512 Byte 512 Byte
Info A 128B 128B 128B
0019FF to 001980h 0019FF to 001980h 0019FF to 001980h
Information memor Info B 128B 128B 128B
(Flash) y 00197F to 001900h 00197F to 001900h 00197F to 001900h
Info C 128B 128B 128B
0018FF to 001880h 0018FF to 001880h 0018FF to 001880h
Info D 128B 128B 128B
00187F to 001800h 00187F to 001800h 00187F to 001800h
Size 2K 2KB 2KB
BSL 3 512B 512B 512B
0017FFh to 001600h 0017FFh to 001600h 0017FFh to 001600h
BSL 2 512B 512B 512B
i‘;?}gsg:jp loader (BSL) 0015FFh to 001400h 0015FFh to 001400h 0015FFh to 001400h
BSL1 512B 512B 512B
0013FFh to 001200h 0013FFh to 001200h 0013FFh to 001200h
BSL O 512B 512B 512B
0011FFh to 001000h 0011FFh to 001000h 0011FFh to 001000h
Peripherals Size 4KB 4KB 4KB
P Flash 000FFFh to 000000h 000FFFh to 000000h 000FFFh to 000000h

Bootstrap Loader (BSL)

The BSL enables users to program the flash memory or RAM using a UART serial interface. Access to the
device memory via the BSL is protected by user-defined password. A bootstrap loader security key is provided to
disable the BSL completely or to disable the erasure of the flash if an invalid password is supplied. For complete
description of the features of the BSL and its implementation, see MSP430 Programming Via the Bootstrap
Loader (SLAU319).

Table 7. BSL Functions

BSL FUNCTION

DESCRIPTION

40-PIN QFN RSB
PACKAGE

38-PIN TSSOP DA
PACKAGE

RST/NMI/SBWTDIO

Entry sequence signal

Entry sequence signal

TEST/SBWTCK

Entry sequence signal

Entry sequence signal

Data transmit

P3.7

P3.5

Data receive

P3.6

P3.6

VCC

Power Supply

Power Supply

VSS

Ground Supply

Ground Supply
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Flash Memory

The flash memory can be programmed via the JTAG port, Spy-Bi-Wire (SBW), the BSL, or in-system by the
CPU. The CPU can perform single-byte, single-word, and long-word writes to the flash memory. Features of the
flash memory include:

* Flash memory has n segments of main memory and four segments of information memory (A to D) of
128 bytes each. Each segment in main memory is 512 bytes in size.

» Segments 0 to n may be erased in one step, or each segment may be individually erased.

e Segments A to D can be erased individually, or as a group with segments 0 to n. Segments A to D are also
called information memory.

» Segment A can be locked separately.

RAM Memory

The RAM memory is made up of n sectors. Each sector can be completely powered down to save leakage;
however, all data is lost. Features of the RAM memory include:

«  RAM memory has n sectors. The size of a sector can be found in the Memory Organization section.

» Each sector 0 to n can be complete disabled; however, data retention is lost.

» Each sector 0 to n automatically enters low-power retention mode when possible.

Peripherals

Peripherals are connected to the CPU through data, address, and control buses and can be handled using all
instructions. For complete module descriptions, see the MSP430x5xx and MSP430x6xx Family User's Guide
(SLAU208).

Digital I/0

There are up to three 8-bit 1/O ports implemented. Port PJ contains seven individual I/O pins, common to all
devices.

» All individual I/O bits are independently programmabile.

* Any combination of input, output, and interrupt conditions is possible.

* Programmable pullup or pulldown on all ports.

» Programmable drive strength on all ports.

» Edge-selectable interrupt input capability for all the eight bits of ports P1 and P2.

» Read/write access to port-control registers is supported by all instructions.

» Ports can be accessed byte-wise. P1 and P2 can also be accessed word-wise (PA).

e The input and output voltage levels of the pins supplied by DV,q (see Table 3) are defined by the voltage
supplied by DV,g (up to 5V).
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Port Mapping Controller

The port mapping controller allows the flexible and reconfigurable mapping of digital functions to Port P1, Port
P2, and Port P3.

Table 8. Port Mapping Mnemonics and Functions

VALUE PxMAPy MNEMONIC INPUT PIN FUNCTION OUTPUT PIN FUNCTION
0 PM_NONE None DVSS
PM_UCAOCLK USCI_AO clock input/output (direction controlled by USCI)
! PM_UCBOSTE USCI_BO SPI slave transmit enable (direction controlled by USCI)
PM_UCAOTXD USCI_AO UART TXD (Direction controlled by USCI - output)
2 PM_UCAO0SIMO USCI_AOQ SPI slave in master out (direction controlled by USCI)
PM_UCBOSOMI USCI_BO SPI slave out master in (direction controlled by USCI)
3 PM_UCBOSCL USCI_BO 12C clock (open drain and direction controlled by USCI)
4 PM_UCAORXD USCI_AO0 UART RXD (Direction controlled by USCI - input)
PM_UCAOSOMI USCI_AOQ SPI slave out master in (direction controlled by USCI)
PM_UCBOSIMO USCI_BO SPI slave in master out (direction controlled by USCI)
> PM_UCBOSDA USCI_BO 12C data (open drain and direction controlled by USCI)
PM_UCBOCLK USCI_BO clock input/output (direction controlled by USCI)
6 PM_UCAOSTE USCI_AO SPI slave transmit enable (direction controlled by USCI)
PM_TDO0.0 TDO input capture channel 0 TDO output compare channel 0
PM_TDO.1 TDO input capture channel 1 TDO output compare channel 1
PM_TDO0.2 TDO input capture channel 2 TDO output compare channel 2
10 PM_TD1.0 TD1 input capture channel 0 TD1 output compare channel 0
11 PM_TD1.1 TD1 input capture channel 1 TD1 output compare channel 1
12 PM_TD1.2 TD1 input capture channel 2 TD1 output compare channel 2
13 PM_CLR1TDO0.0 TDO exte.rnal clear input TDO output compare channel 0
PM_FLT1_2TDO0.0 TDO fault input channel 2
14 PM_FLT1_0TDO.1 TDO fault input channel 0 TDO output compare channel 1
15 PM_FLT1_1TDO0.2 TDO fault input channel 1 TDO output compare channel 2
PM_CLR2TD1.0 TD1 external clegir input (controlled by
16 ” rlnc‘>dule |r;put er|1able) ied TD1 output compare channel 0
PM_FLT2_{TDLO T moduie input enable)
17 PM_FLT2_2TD1.1 TD1 fault input channel 2 TD1 output compare channel 1
18 PM_FLT2_0TD1.2 TD1 fault input channel 0 TD1 output compare channel 2
19 PM_TDO0.0SMCLK TDO input capture channel 0 SMCLK output
20 PM_TAOCLKCBOUT TAO input clock Comparator_B output
21 PM_TDOCLKMCLK TDO input clock MCLK output
22 PM_TAO0_O TAO input capture channel 0 TAO output compare channel 0
23 PM_TAO_1 TAO input capture channel 1 TAO output compare channel 1
24 PM_TAO_2 TAO input capture channel 2 TAO output compare channel 2
25 PM_DMAEOSMCLK DMAEDQO input SMCLK output
26 PM_DMAE1MCLK DMAEL input MCLK output
27 PM_DMAE2SVM DMAE?2 input SVM output
28 PM_TDOOUTH TDO 3-state input ADC10CLK
29 PM_TD1OUTH TD1 3-state input ACLK
30 Reserved None DVSS
31 (OFFh)(l) PM_ANALOG Disables the output driver as well as the input Schmitt-trigger to prevent

parasitic cross currents when applying analog signals.

(1) The value of the PM_ANALOG mnemonic is set to OFFh. The port mapping registers are only 5 bits wide and the upper bits are ignored
resulting in a read out value of 31.
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Table 9. Default Mapping

PIN PXxMAPy MNEMONIC INPUT PIN FUNCTION OUTPUT PIN FUNCTION
P1.0/PM_UCAOCLK/ PM_UCAOCLK USCI_AO clock input/output USCI_BO SPI slave transmit enable
PM_UCBOSTE/A0/CBO PM_UCBOSTE (direction controlled by USCI) (direction controlled by USCI)
P1.1/PM_UCAOQTXD/ PM_UCAOTXD USCI_AO0 UART TXD (Direction USCI_AO SPI slave in master out
PM_UCAOSIMO/A1/CB1 PM_UCAO0SIMO controlled by USCI - output) (direction controlled by USCI)
P1.2/PM_UCAORXD/ PM_UCAORXD USCI_AO0 UART RXD (Direction USCI_AO SPI slave out master in
PM_UCAOSOMI/A2/CB2 PM_UCAOSOMI controlled by USCI - input) (direction controlled by USCI)
P1.3/PM_UCBOCLK/ PM_UCBOCLK USCI_BO clock input/output USCI_AOQ SPI slave transmit enable
PM_UCAOSTE/A3/CB3 PM_UCAOSTE (direction controlled by USCI) (direction controlled by USCI)
P1.4/PM_UCBOSIMO/ PM_UCBOSIMO USCI_BO SPI slave in master out | USCI_BO 12C data (open drain and
PM_UCBOSDA/A4/CB4 PM_UCBOSDA (direction controlled by USCI) direction controlled by USCI)
P1.5/PM_UCBOSOMI/ PM_UCBOSOMI USCI_BO SPI slave out master in | USCI_BO I2C clock (open drain and
PM_UCBOSCL/A5/CB5 PM_UCBOSCL (direction controlled by USCI) direction controlled by USCI)
P1.6/PM_TDO0.0 PM_TDO0.0 TDO input capture channel 0 TDO output compare channel 0
P1.7/PM_TDO0.1 PM_TDO.1 TDO input capture channel 1 TDO output compare channel 1
P2.0/PM_TDO0.2 PM_TDO0.2 TDO input capture channel 2 TDO output compare channel 2
P2.1/PM_TD1.0 PM_TD1.0 TD1 input capture channel 0 TD1 output compare channel 0
P2.2/PM_TD1.1 PM_TD1.1 TD1 input capture channel 1 TD1 output compare channel 1
P2.3/PM_TD1.2 PM_TD1.2 TD1 input capture channel 2 TD1 output compare channel 2

P2.4/PM_TECOCLR/
PM_TECOFLT2/PM_TDO0.0

PM_CLR1TDO0.0
PM_FLT1_2TDO0.0

TDO external clear input (controlled
by module input enable)
TDO fault input channel 2
(controlled by module input enable)

TDO output compare channel 0

P2.5/PM_TECOFLTO/PM_TDO.1

PM_FLT1_0TDO.1

TDO fault input channel 0

TDO output compare channel 1

P2.6/PM_TECOFLT1/PM_TDO0.2

PM_FLT1_1TDO.2

TDO fault input channel 1

TDO output compare channel 2

P2.7/PM_TEC1CLR/
PM_TEC1FLT1/PM_TD1.0

PM_CLR2TD1.0
PM_FLT2_1TD1.0

TD1 external clear input (controlled
by module input enable)
TD1 fault input channel 1
(controlled by module input enable)

TD1 output compare channel 0

P3.0/PM_TEC1FLT2/
PM_TD1.1

PM_FLT2_2TD1.1

TD1 fault input channel 2

TD1 output compare channel 1

P3.1/PM_TEC1FLTO/
PM_TD1.2

PM_FLT2_0TD1.2

TD1 fault input channel 0

TD1 output compare channel 2

P3.2/PM_TDO0.0/
PM_SMCLK/CB14

PM_TDO0.0SMCLK

TDO input capture channel 0

SMCLK output

P3.3/PM_TAOCLK/
PM_CBOUT/CB13

PM_TAOCLKCBOUT

TAO input clock

Comparator_B output

P3.4/PM_TDOCLK/

PM_TDOCLKMCLK

TDO input clock

MCLK output

PM_MCLK

P3.5/PM_TAO0.2/ .

VEREF+/CB12 PM_TA3_2 TAO input capture channel O TAO output compare channel O
P3.6/PM_TAO0.1/A7 .

VEREF-/CB11 PM_TA3_1 TAO input capture channel 1 TAO output compare channel 1
P3.7/PM_TAQ.0/ PM_TA3_0 TAO input capture channel 2 TAO output compare channel 2

A6/CB10
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Oscillator and System Clock

The clock system (Unified Clock System, UCS) module includes support for a 32-kHz watch crystal oscillator and
high-frequency crystal oscillator, an internal very-low-power low-frequency oscillator (VLO), an internal trimmed
low-frequency oscillator (REFO), and an integrated internal digitally controlled oscillator (DCO). The UCS module
is designed to meet the requirements of both low system cost and low power consumption. The UCS module
features digital frequency locked loop (FLL) hardware that, in conjunction with a digital modulator, stabilizes the
DCO frequency to a programmable multiple of the watch crystal frequency. The internal DCO provides a fast
turn-on clock source and stabilizes in less than 5 ps. The UCS module provides the following clock signals:

» Auxiliary clock (ACLK), sourced from a 32-kHz watch crystal or high-frequency crystal (XT1), the internal low-
frequency oscillator (VLO), the trimmed low-frequency oscillator (REFO), or the internal digitally-controlled
oscillator DCO.

* Main clock (MCLK), the system clock used by the CPU. MCLK can be sourced by same sources available to
ACLK.

e Sub-Main clock (SMCLK), the subsystem clock used by the peripheral modules. SMCLK can be sourced by
same sources available to ACLK.

* ACLKI/n, the buffered output of ACLK, ACLK/2, ACLK/4, ACLK/8, ACLK/16, ACLK/32.

Power Management Module (PMM)

The PMM includes an integrated voltage regulator that supplies the core voltage to the device and contains
programmable output levels to provide for power optimization. The PMM also includes supply voltage supervisor
(SVS) and supply voltage monitoring (SVM) circuitry, as well as brownout protection. The brownout circuit is
implemented to provide the proper internal reset signal to the device during power-on and power-off. The
SVS/SVM circuitry detects if the supply voltage drops below a user-selectable level and supports both supply
voltage supervision (the device is automatically reset) and supply voltage monitoring (SVM, the device is not
automatically reset). SVS and SVM circuitry is available on the primary supply and core supply.

Hardware Multiplier

The multiplication operation is supported by a dedicated peripheral module. The module performs operations with
32-bit, 24-bit, 16-bit, and 8-bit operands. The module is capable of supporting signed and unsigned multiplication
as well as signed and unsigned multiply and accumulate operations

Watchdog Timer (WDT_A)

The primary function of the watchdog timer (WDT_A) module is to perform a controlled system restart after a
software problem occurs. If the selected time interval expires, a system reset is generated. If the watchdog
function is not needed in an application, the module can be configured as an interval timer and can generate
interrupts at selected time intervals.

System Module (SYS)

The SYS module handles many of the system functions within the device. These include power-on reset and
power-up clear handling, NMI source selection and management, reset interrupt vector generators, bootstrap
loader entry mechanisms, and configuration management (device descriptors). It also includes a data exchange
mechanism via JTAG called a JTAG mailbox that can be used in the application.
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Table 10. System Module Interrupt Vector Registers

'NTERRRE%'T;TVEERCTOR INTERRUPT EVENT WORD ADDRESS | OFFSET | PRIORITY

No interrupt pending 00h

Brownout (BOR) 02h Highest
RST/NMI (POR) 04h
PMMSWBOR (BOR) 06h
LPM5 wakeup (BOR) 08h
Security violation (BOR) 0Ah
SVSL (POR) 0Ch
SVSH (POR) OEh
SVML_OVP (POR) 10h

SYSRSTIV, System Reset 019Eh

SVMH_OVP (POR) 12h
PMMSWPOR (POR) 14h
WDT timeout (PUC) 16h
WDT key violation (PUC) 18h
KEYYV flash key violation (PUC) 1Ah
Reserved 1Ch
Peripheral area fetch (PUC) 1Eh
PMM key violation (PUC) 20h

Reserved 22h to 3Eh Lowest
No interrupt pending 00h

SVMLIFG 02h Highest
SVMHIFG 04h
DLYLIFG 06h
DLYHIFG 08h
SYSSNIV, System NMI VMAIFG 019Ch 0Ah
JMBINIFG 0Ch
JMBOUTIFG OEh
VLRLIFG 10h
VLRHIFG 12h

Reserved 14h to 1Eh Lowest
No interrupt pending 00h

NMIFG 02h Highest
SYSUNIV, User NMI OFIFG 019Ah 04h
ACCVIFG 06h

Reserved 08h to 1Eh Lowest
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DMA Controller

The DMA controller allows movement of data from one memory address to another without CPU intervention. For
example, the DMA controller can be used to move data from the ADC10_A conversion memory to RAM. Using
the DMA controller can increase the throughput of peripheral modules. The DMA controller reduces system
power consumption by allowing the CPU to remain in sleep mode, without having to wake to move data to or
from a peripheral.

Table 11. DMA Trigger Assignments

TRIGGER CHANNEL
0 1 2

0 DMAREQ DMAREQ DMAREQ
1 TAOCCRO CCIFG TAOCCRO CCIFG TAOCCRO CCIFG
2 TAOCCR2 CCIFG TAOCCR2 CCIFG TAOCCR2 CCIFG
3 TDOCCRO CCIFG TDOCCRO CCIFG TDOCCRO CCIFG
4 TDOCCR2 CCIFG TDOCCR2 CCIFG TDOCCR2 CCIFG
5 TD1CCRO CCIFG TD1CCRO CCIFG TD1CCRO CCIFG
6 TD1CCR2 CCIFG TD1CCR2 CCIFG TD1CCR2 CCIFG
7 Reserved Reserved Reserved
8 Reserved Reserved Reserved
9 Reserved Reserved Reserved
10 Reserved Reserved Reserved
11 Reserved Reserved Reserved
12 Reserved Reserved Reserved
13 Reserved Reserved Reserved
14 Reserved Reserved Reserved
15 Reserved Reserved Reserved
16 UCAORXIFG UCAORXIFG UCAORXIFG
17 UCAOTXIFG UCAOTXIFG UCAOTXIFG
18 UCBORXIFG UCBORXIFG UCBORXIFG
19 UCBOTXIFG UCBOTXIFG UCBOTXIFG
20 Reserved Reserved Reserved
21 Reserved Reserved Reserved
22 Reserved Reserved Reserved
23 Reserved Reserved Reserved
24 ADC10IFGO ADC10IFGO ADC10IFGO
25 Reserved Reserved Reserved
26 Reserved Reserved Reserved
27 Reserved Reserved Reserved
28 Reserved Reserved Reserved
29 MPY ready MPY ready MPY ready
30 DMA2IFG DMAOIFG DMAL1IFG
31 DMAEO DMAEO DMAEO

(1) Reserved DMA triggers may be used by other devices in the family. Reserved DMA triggers do not
cause any DMA trigger event when selected.
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Universal Serial Communication Interface (USCI)

The USCI modules are used for serial data communication. The USCI module supports synchronous
communication protocols such as SPI (3 or 4 pin) and 1°C, and asynchronous communication protocols such as
UART, enhanced UART with automatic baudrate detection, and IrDA. Each USCI module contains two modules,
A and B.

The USCI_Ax module provides support for SPI (3 or 4 pin), UART, enhanced UART, or IrDA.
The USCI_Bx module provides support for SPI (3 or 4 pin) or I°C.

TAO

TAO is a 16-bit timer/counter with three capture/compare registers. TAO can support multiple capture/compares,
PWM outputs, and interval timing. TAO also has extensive interrupt capabilities. Interrupts may be generated
from the counter on overflow conditions and from each of the capture/compare registers.

Table 12. TAO Signal Connections

INPUT PIN NUMBER OUTPUT PIN NUMBER
DEVICE MODULE MODULE DEVICE
RSB DA YFF INPUT INpUT | MOPULE | 67pyuT | ouTPUT RSB DA YFF
(40-PIN (38-PIN (49-PIN | gioNAL | sieNaL | BLOCK | giGnaL | sigNaL | (40-PIN (38-PIN (49-PIN
QFN) TSSOP) | DSBGA) QFN) TSSOP) | DSBGA)
P3.3-30 P3.3-34 | P3.3-F1 TAOCLK TACLK - - -
ACLK
(internal) ACLK ACLK ACLK ACLK . - - -
Timer NA NA
SMCLK | ‘gyicLk | sMCLK | SMCLK | sMCLK - - -
(internal)

P3.3-30 P3.3-34 | P3.3-F1 TAOCLK TACLK - - -
P3.7 - 36 - P3.7 - D1 TAO0.0 CCIOA P3.7 - 36 - P3.7 - D1
- - - CBOUT CcCloB - - -

CCRO TAO TAO.0

- - - Vss GND - - -

- - - Vee Vee - - -
P3.6 - 35 - P3.6-Cl1 TAO.1 CCI1A P3.6 - 35 P3.6-38 | P3.6-C1
ﬁDClO_A( ﬁDClO_A( ﬁDClO_A(
) ) ) (internal) (internal) (internal)
ACLK ccie CCR1 TAL TAO.1 ADC10SH | ADC10SH | ADC10SH
Sx =001b | Sx =001b | Sx = 001b

- - - Vss GND - - -

- - - Vee Vee - - -
P3.5-34 P3.5-37 | P3.5-C2 TAO.2 CCI2A P3.5-34 P3.5-37 | P3.5-C2
- - - Vss cci2B - - -

CCR2 TA2 TAO.2
- - - Vss GND - - -
- - - Vee Vee - - -
(1) The ADC10_A trigger is available on MSP430F51x2 devices.
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TDO

TDO is a 16-bit timer/counter with three capture/compare registers supporting up to 256-MHz / 4-ns resolution.
TDO can support multiple capture/compares, PWM outputs, and interval timing. TDO also has extensive interrupt
capabilities. Interrupts may be generated from the counter on overflow conditions and from each of the
capture/compare registers. External fault inputs as well as a external timer counter clear is supported along with
interrupt flags from the TECO module.

Table 13. TDO Signal Connections

INPUT PIN NUMBER OUTPUT PIN NUMBER
DEVICE | MODULE | oo - | MODULE | DEVICE
RSB DA YFF INPUT INPUT OUTPUT | OUTPUT RSB DA YFF
(40-PIN (38-PIN (49-PIN | gioNAL | sieNaL | BLOCK | giGnaL | sigNaL | (40-PIN (38-PIN (49-PIN
QFN) TSSOP) | DSBGA) QFN) TSSOP) | DSBGA)
P3.4-31 - P3.4-E1 | TDOCLK | TDCLK - - -
ACLK ACLK ( ACLK (
(internal) | internal) internal) ACLK ACLK ) ) )
SMCLK ( | SMCLK ( | SMCLK ( _ ) ) ]
internal) internal) internal) SMCLK SMCLK Timer NA NA
P3.4-31 - P3.4-E1 | TDOCLK | TDCLK - - -
- - - - CLKO - - -
P2.4-19 | P2.4-23 | P2.4-D6 | TECOCLR | TECXCLR - - -
P16 - P16 - P16 - P16 - P16 - P16 -
110 150 A7 TD0.0 CCI0A 11® 150 A7
P3.2-29 | P3.2-33 | P32-E2 | TD0.0 ccloB P2.4-19 | P2.4-23 | P2.4-D6

ADC10 A | ADC10_A | ADC10_A
(internal) (internal) (internal)

- - - Vss GND CCRO TDO TDO ADC10SH | ADC10SH | ADC10SH
Sx = 010b Sx = Sx =
@ 0106®@ 010b®@
- - - Vee Vee - - -
P25-20 | P25-24 | P25-F7 | TECOFLTO| =o' - -
P1.7 - P1.7 - P1.7 - P1.7 - P1.7 - P1.7 -
120 160 B6W D01 CCI1A 12W 16W B6W
CBOUT | CBOUT | CBOUT | p ; cciiB PJ.6-28 | PJ6-32 | PJ6-E3
(internal) (internal) (internal)
- - - Vss GND P25-20 | P25-24 | P2.5-F7
CCR1 TD1 TD1 ADC10_A | ADC10_A | ADC10_A
(internal) (internal) (internal)
- - - Vee Vee ADC10SH | ADC10SH | ADC10SH
Sx=011b | Sx=011b | Sx = 011b
2 2 2
P2.6-21 | P2.6-20 | P2.6-E6 | TECOFLT1 TECfF"T - -
P2.0 - P2.0 - P2.0 - P2.0 - P2.0 - P2.0 -
13® 17® ceW TDo.2 | CCi2A 13® 17® ceW
ACLK ACLK ACLK
(internal) (internal) (internal) TDO.2 CCI2B P2.6-21 P2.6-25 | P2.6 - E6
- - - Ves GND CCR2 TD2 TD2 - - -
- - - Vee Vee - - -
P24-19 | P24-23 | P24-D6 | TECOFLT2| '=oyFtT - - -
(1) Pins P1.6 for TD0.0, P1.7 for TDO.1, and P2.0 for TDO.2 are optimized for matching.
(2) The ADC10_A trigger is available on MSP430F51x2 devices.
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TD1

TD1 is a 16-bit timer/counter with three capture/compare registers supporting up to 256-MHz / 4-ns resolution.
TD1 can support multiple capture/compares, PWM outputs, and interval timing. TD1 also has extensive interrupt
capabilities. Interrupts may be generated from the counter on overflow conditions and from each of the
capture/compare registers. External fault inputs as well as a external timer counter clear is supported along with
interrupt flags from the TECO module.

Table 14. TD1 Signal Connections

INPUT PIN NUMBER OUTPUT PIN NUMBER
DEVICE | MODULE MODULE | DEVICE
RSB DA YFE INPUT | INPUT | MOPULE | o5rpyt | ouTPUT RSB DA YFF
(40-PIN | (38-PIN (49-PIN SIGNAL | sSIGNAL | BLOCK | cienaL | siGNAL (40-PIN | (38-PIN (49-PIN
QFN) TSSOP) DSBGA) QFN) TSSOP) | DSBGA)
PJ.6-28 | PJ.6-32 TDICLK | TDCLK - - -
ACLK
intornal) | ACLK ACLK ACLK - - -
SMCLK( | gy SMCLK | SMCLK _ - - ;
internal) Timer NA NA
PJ.6-28 | PJ.6-32 TDICLK | TDCLK - - -
from TDO
. ) (internal) CLKO
P2.7-22 | P2.7-26 TECICLR | TECXCLR - - -
P2.1 - P2.1- P2.1 - P2.1-
14® 18 TD1.0 CCI0A 120 s | P21-B70
- - TD1.0 CCloB P2.7-22 | P2.7-26 | P2.7-E5
- - Vss GND CCRO TDO TDO - - -
- - Vee Vee - - -
P3.1-24 | P31-28 TEC(:;.FLT TEC())(FLT ) ) i
P2.2 - P2.2 - P2.2 - P2.2 -
15 19 TD1.1 CCI1A Ppsted o |P22-C7®
CBOUT | CBOUT
(internal) | (internal) TD1.1 CCliB P3.0-23 | P3.0-27 | P3.0-F6
i - Ves GND CCR1 TD1 D1 - - i
- - Vee Vee - - -
P27-22 | P2.7-26 TEcllFLT TEC:)L(FLT _ ] i
P2.3 - P2.3- P2.3 - P2.3 -
160 200 TD1.2 CCI2A 160 S0 | P2:3-D5W
ACLK | ACLK TD12 | cci2B P3.1-24 | P3.1-28 | P3.1-F5
(internal) | (internal)
i - Ves GND CCR2 TD2 TD2 - - i
- - Vee Vee - - -
P3.0-23 | P3.0-27 TEC;.FLT TEC;(FLT ) ) i
(1) Pins P2.1 for TD1.0, P2.2 for TD1.1, and P2.3 for TD1.2 are optimized for matching.
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Comparator_B

The primary function of the Comparator_ B module is to support precision slope analog-to-digital conversions,
battery voltage supervision, and monitoring of external analog signals.

ADC10_A (MSP430F51x2 Only)

The ADC10_A module supports fast, 10-bit analog-to-digital conversions. The module implements a 10-bit SAR
core, sample select control, reference generator and a conversion result buffer. A window comparator with a
lower and upper limit allows CPU independent result monitoring with three window comparator interrupt flags.

CRC16

The CRC16 module produces a signature based on a sequence of entered data values and can be used for data
checking purposes. The CRC16 module signature is based on the CRC-CCITT standard.

REF Voltage Reference

The reference module (REF) is responsible for generation of all critical reference voltages that can be used by
the various analog peripherals in the device.

Embedded Emulation Module (EEM) (S Version)

The Embedded Emulation Module (EEM) supports real-time in-system debugging. The S version of the EEM
implemented on all devices has the following features:

* Three hardware triggers or breakpoints on memory access

* One hardware trigger or breakpoint on CPU register write access

» Up to four hardware triggers can be combined to form complex triggers or breakpoints

* One cycle counter

» Clock control on module level
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Peripheral File Map

Table 15. Peripherals

MODULE NAME BASE ADDRESS OFFSERLSgERESS

Special Functions (see Table 16) 0100h 000h-01Fh

PMM (see Table 17) 0120h 000h-010h

Flash Control (see Table 18) 0140h 000h-00Fh

CRC16 (see Table 19) 0150h 000h-007h

RAM Control (see Table 20) 0158h 000h-001h

Watchdog (see Table 21) 015Ch 000h-001h

UCS (see Table 22) 0160h 000h-01Fh

SYS (see Table 23) 0180h 000h-01Fh

Shared Reference (see Table 24) 01BOh 000h-001h

Port Mapping Control (see Table 25) 01COh 000h-007h

Port Mapping Port P1 (see Table 26) 01C8h 000h-007h

Port Mapping Port P2 (see Table 27) 01DO0Oh 000h-007h

Port Mapping Port P3 (see Table 28) 01D8h 000h-007h

Port P1, P2 (see Table 29) 0200h 000h-01Fh

Port P3 (see Table 30) 0220h 000h-01Fh

Port PJ (see Table 31) 0320h 000h-01Fh

TAO (see Table 32) 03CO0h 000h-03Fh

32-Bit Hardware Multiplier (see Table 33) 04CO0h 000h-02Fh

DMA General Control (see Table 34) 0500h 000h-00Fh

DMA Channel O (see Table 35) 0500h 010h-00Ah

DMA Channel 1 (see Table 36) 0500h 020h-00Ah

DMA Channel 2 (see Table 37) 0500h 030h-00Ah

USCI_AOQ (see Table 38) 05CO0h 000h-01Fh

USCI_BO (see Table 38) 05EOh 000h-01Fh

A?ﬁé‘;]ééﬁzel;ag'rﬁy‘;o) 0740h 000h-01Fh

Comparator_B (see Table 41) 08COh 000h-00Fh

TDO (see Table 42) 0BOOh 000h-03Fh

TECO (see Table 44) 0CO00h 000h-007h

TD1 (see Table 43) 0B40h 000h-03Fh

TEC1 (see Table 45) 0C20h 000h-007h
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Table 16. Special Function Registers (Base Address: 0100h)

REGISTER DESCRIPTION REGISTER OFFSET
SFR interrupt enable SFRIE1 00h
SFR interrupt flag SFRIFG1 02h
SFR reset pin control SFRRPCR 04h

Table 17. PMM Registers (Base Address: 0120h)

REGISTER DESCRIPTION REGISTER OFFSET
PMM Control 0 PMMCTLO 00h
PMM control 1 PMMCTL1 02h
SVS high side control SVSMHCTL 04h
SVS low side control SVSMLCTL 06h
PMM interrupt flags PMMIFG 0Ch
PMM interrupt enable PMMIE OEh
PMM power mode 5 control PM5CTLO 10h

Table 18. Flash Control Registers (Base Address: 0140h)

REGISTER DESCRIPTION REGISTER OFFSET
Flash control 1 FCTL1 00h
Flash control 3 FCTL3 04h
Flash control 4 FCTL4 06h

Table 19. CRC16 Registers (Base Address: 0150h)

REGISTER DESCRIPTION REGISTER OFFSET
CRC data input CRC16DI 00h
CRC result CRCI16INIRES 04h

Table 20. RAM Control Registers (Base Address: 0158h)

REGISTER DESCRIPTION REGISTER OFFSET

RAM control 0 RCCTLO 00h
Table 21. Watchdog Registers (Base Address: 015Ch)

REGISTER DESCRIPTION REGISTER OFFSET

Watchdog timer control WDTCTL 00h
Table 22. UCS Registers (Base Address: 0160h)

REGISTER DESCRIPTION REGISTER OFFSET
UCS control 0 UCSCTLO 00h
UCS control 1 UCSCTL1 02h
UCS control 2 UCSCTL2 04h
UCS control 3 UCSCTL3 06h
UCS control 4 UCSCTL4 08h
UCS control 5 UCSCTL5 0Ah
UCS control 6 UCSCTL6 0Ch
UCS control 7 UCSCTLY OEh
UCS control 8 UCSCTLS8 10h
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Table 23. SYS Registers (Base Address: 0180h)

REGISTER DESCRIPTION REGISTER OFFSET
System control SYSCTL 00h
Bootstrap loader configuration area SYSBSLC 02h
JTAG mailbox control SYSJMBC 06h
JTAG mailbox input 0 SYSJMBIO 08h
JTAG mailbox input 1 SYSJMBI1 0Ah
JTAG mailbox output 0 SYSJMBOO 0Ch
JTAG mailbox output 1 SYSJMBO1 OEh
Bus Error vector generator SYSBERRIV 18h
User NMI vector generator SYSUNIV 1Ah
System NMI vector generator SYSSNIV 1Ch
Reset vector generator SYSRSTIV 1Eh

Table 24. Shared Reference Registers (Base Address: 01B0Oh)

REGISTER DESCRIPTION

REGISTER OFFSET

Shared reference control

REFCTL 00h

Table 25. Port Mapping Controller (Base Address: 01COh)

REGISTER DESCRIPTION REGISTER OFFSET
Port mapping password register PMAPPWD 00h
Port mapping control register PMAPCTL 02h

Table 26. Port Mapper for Port P1 (Base Address: 01C8h)

REGISTER DESCRIPTION REGISTER OFFSET
Port P1.0 mapping register P1MAPO 00h
Port P1.1 mapping register P1MAP1 01h
Port P1.2 mapping register P1MAP2 02h
Port P1.3 mapping register P1MAP3 03h
Port P1.4 mapping register P1MAP4 04h
Port P1.5 mapping register P1MAP5 05h
Port P1.6 mapping register P1MAP6 06h
Port P1.7 mapping register P1MAP7 07h

Table 27. Port Mapper for Port P2 (Base Address: 01DO0h)

REGISTER DESCRIPTION REGISTER OFFSET
Port P2.0 mapping register P2MAPO 00h
Port P2.1 mapping register P2MAP2 01h
Port P2.2 mapping register P2MAP2 02h
Port P2.3 mapping register P2MAP3 03h
Port P2.4 mapping register P2MAP4 04h
Port P2.5 mapping register P2MAP5 05h
Port P2.6 mapping register P2MAP6 06h
Port P2.7 mapping register P2MAP7 07h
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Table 28. Port Mapper for Port P3 (Base Address: 01D8h)

REGISTER DESCRIPTION REGISTER OFFSET
Port P3.0 mapping register P3MAPO 00h
Port P3.1 mapping register P3MAP1 01h
Port P3.2 mapping register P3MAP2 02h
Port P3.3 mapping register P3MAP3 03h
Port P3.4 mapping register P3MAP4 04h
Port P3.5 mapping register P3MAP5 05h
Port P3.6 mapping register P3MAP6 06h
Port P3.7 mapping register P3MAP7 07h
Table 29. Port Registers Port P1, P2 (Base Addresses: 0200h)
REGISTER DESCRIPTION REGISTER OFFSET
Port P1 input P1IN 00h
Port P1 output P10OUT 02h
Port P1 direction P1DIR 04h
Port P1 pullup/pulldown enable P1REN 06h
Port P1 drive strength P1DS 08h
Port P1 selection P1SEL 0Ah
Port P1 interrupt vector word P1IV OEh
Port P1 interrupt edge select P1lIES 18h
Port P1 interrupt enable PlIE 1Ah
Port P1 interrupt flag P1IFG 1Ch
Port P2 input P2IN 01h
Port P2 output P20OUT 03h
Port P2 direction P2DIR 05h
Port P2 pullup/pulldown enable P2REN 07h
Port P2 drive strength P2DS 09h
Port P2 selection P2SEL 0Bh
Port P2 interrupt vector word P21V 1Eh
Port P2 interrupt edge select P2IES 19h
Port P2 interrupt enable P2IE 1Bh
Port P2 interrupt flag P2IFG 1Dh
Table 30. Port Registers P3 (Base Addresses: 0220h)
REGISTER DESCRIPTION REGISTER OFFSET
Port P3 input P3IN 00h
Port P3 output P30UT 02h
Port P3 direction P3DIR 04h
Port P3 pullup/pulldown enable P3REN 06h
Port P3 drive strength P3DS 08h
Port P3 selection P3SEL 0Ah
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Table 31. Port Registers PJ (Base Addresses: 0320h)

REGISTER DESCRIPTION REGISTER OFFSET
Port PJ input PJIN 00h
Port PJ output PJOUT 02h
Port PJ direction PJDIR 04h
Port PJ pullup/pulldown enable PJREN 06h
Port PJ drive strength PJDS 08h
Port PJ selection PJSEL 0Ah

Table 32. TAO Registers (Base Address: 03C0h)

REGISTER DESCRIPTION REGISTER OFFSET
TAO control TAOCTL 00h
Capture/compare control 0 TAOCCTLO 02h
Capture/compare control 1 TAOCCTL1 04h
Capture/compare control 2 TAOCCTL2 06h
TAO counter register TAOR 10h
Capture/compare register 0 TAOCCRO 12h
Capture/compare register 1 TAOCCR1 14h
Capture/compare register 2 TAOCCR2 16h
TAO expansion register 0 TAOEXO 20h
TAO interrupt vector TAOIV 2Eh

Table 33. 32-Bit Hardware Multiplier Registers (Base Address: 04C0Oh)

REGISTER DESCRIPTION REGISTER OFFSET
16-bit operand 1 — multiply MPY 00h
16-bit operand 1 — signed multiply MPYS 02h
16-bit operand 1 — multiply accumulate MAC 04h
16-bit operand 1 — signed multiply accumulate MACS 06h
16-bit operand 2 oP2 08h
16 x 16 result low word RESLO 0Ah
16 x 16 result high word RESHI 0Ch
16 x 16 sum extension register SUMEXT OEh
32-bit operand 1 — multiply low word MPY32L 10h
32-bit operand 1 — multiply high word MPY32H 12h
32-bit operand 1 — signed multiply low word MPYS32L 14h
32-bit operand 1 — signed multiply high word MPYS32H 16h
32-bit operand 1 — multiply accumulate low word MAC32L 18h
32-bit operand 1 — multiply accumulate high word MAC32H 1Ah
32-bit operand 1 — signed multiply accumulate low word MACS32L 1Ch
32-bit operand 1 — signed multiply accumulate high word MACS32H 1Eh
32-bit operand 2 — low word OP2L 20h
32-bit operand 2 — high word OP2H 22h
32 x 32 result 0 — least significant word RESO 24h
32 x32result 1 RES1 26h
32 x 32 result 2 RES2 28h
32 x 32 result 3 — most significant word RES3 2Ah
MPY32 control register 0 MPY32CTLO 2Ch
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Table 34. DMA General Control (Base

Address: 0500h)

REGISTER DESCRIPTION REGISTER OFFSET
DMA module control O DMACTLO 00h
DMA module control 1 DMACTL1 02h
DMA module control 2 DMACTL2 04h
DMA module control 3 DMACTL3 06h
DMA module control 4 DMACTL4 08h
DMA interrupt vector DMAIV OEh
Table 35. DMA Channel 0 (Base Address: 0510h)
REGISTER DESCRIPTION REGISTER OFFSET
DMA channel 0 control DMAOCTL 00h
DMA channel 0 source address low DMAOSAL 02h
DMA channel 0 source address high DMAOSAH 04h
DMA channel 0 destination address low DMAODAL 06h
DMA channel 0 destination address high DMAODAH 08h
DMA channel 0 transfer size DMAO0SZ 0Ah
Table 36. DMA Channel 1 (Base Address: 0520h)
REGISTER DESCRIPTION REGISTER OFFSET
DMA channel 1 control DMA1CTL 00h
DMA channel 1 source address low DMAI1SAL 02h
DMA channel 1 source address high DMA1SAH 04h
DMA channel 1 destination address low DMA1DAL 06h
DMA channel 1 destination address high DMA1DAH 08h
DMA channel 1 transfer size DMA1SZ 0Ah
Table 37. DMA Channel 2 (Base Address: 0530h)
REGISTER DESCRIPTION REGISTER OFFSET
DMA channel 2 control DMA2CTL 00h
DMA channel 2 source address low DMA2SAL 02h
DMA channel 2 source address high DMA2SAH 04h
DMA channel 2 destination address low DMA2DAL 06h
DMA channel 2 destination address high DMA2DAH 08h
DMA channel 2 transfer size DMA2SZ 0Ah
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Table 38. USCIO_A Registers (Base Address: 05C0h)

REGISTER DESCRIPTION REGISTER OFFSET
USCI control 0 UCAOCTLO 01h
USCI control 1 UCAOCTL1 00h
USCI baud rate 0 UCAOBRO 06h
USCI baud rate 1 UCAOBR1 07h
USCI modulation control UCAOMCTL 08h
USCI status UCAOSTAT 0Ah
USCI receive buffer UCAORXBUF 0Ch
USCI transmit buffer UCAOTXBUF OEh
USCI LIN control UCAOABCTL 10h
USCI IrDA transmit control UCAOIRTCTL 12h
USCI IrDA receive control UCAOIRRCTL 13h
USCI interrupt enable UCAOIE 1Ch
USClI interrupt flags UCAOIFG 1Dh
USCI interrupt vector word UCAO0IV 1Eh

Table 39. USCIO_B Registers (Base Address: 05E0h)

REGISTER DESCRIPTION REGISTER OFFSET
USCI synchronous control 0 UCBOCTLO 00h
USCI synchronous control 1 UCBOCTL1 01h
USCI synchronous bit rate 0 UCBOBRO 06h
USCI synchronous bit rate 1 UCBOBR1 07h
USCI synchronous status UCBOSTAT 0Ah
USCI synchronous receive buffer UCBORXBUF 0Ch
USCI synchronous transmit buffer UCBOTXBUF OEh
USCI I2C own address UCBOI2COA 10h
USCI 12C slave address UCBOI2CSA 12h
USCI interrupt enable UCBOIE 1Ch
USCI interrupt flags UCBOIFG 1Dh
USCI interrupt vector word ucBoIv 1Eh

Table 40. ADC10_A Registers (MSP430F51x2 Devices Only) (Base Address: 0740h)

REGISTER DESCRIPTION REGISTER OFFSET
ADC10_A Control register 0 ADC10CTLO 00h
ADC10_A Control register 1 ADC10CTL1 02h
ADC10_A Control register 2 ADC10CTL2 04h
ADC10_A Window Comparator Low Threshold ADC10LO 06h
ADC10_A Window Comparator High Threshold ADC10HI 08h
ADC10_A Memory Control Register O ADC10MCTLO 0Ah
ADC10_A Conversion Memory Register ADC10MEMO 12h
ADC10_A Interrupt Enable ADC10IE 1Ah
ADC10_A Interrupt Flags ADC10IGH 1Ch
ADC10_A Interrupt Vector Word ADC10IV 1Eh
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Table 41. Comparator_B Registers (Base Address: 08C0Oh)

REGISTER DESCRIPTION REGISTER OFFSET
Comparator_B control register 0 CBCTLO 00h
Comparator_B control register 1 CBCTL1 02h
Comparator_B control register 2 CBCTL2 04h
Comparator_B control register 3 CBCTL3 06h
Comparator_B interrupt register CBINT 0Ch
Comparator_B interrupt vector word CBIV OEh

Table 42. TDO Registers (Base Address: 0B0OOh)

REGISTER DESCRIPTION REGISTER OFFSET
TDO Control 0 TDOCTLO 00h
TDO Control 1 TDOCTL1 02h
TDO Control 2 TDOCTL2 04h
TDO Counter Register TDOR 06h
Capture/compare control 0 TDOCCTLO 08h
Capture/compare register 0 TDOCCRO 0Ah
Capture/compare Latch O TDOCLO 0Ch
Capture/compare control 1 TDOCCTL1 OEh
Capture/compare register 1 TDOCCR1 10h
Capture/compare Latch 1 TDOCL1 12h
Capture/compare control 2 TDOCCTL2 14h
Capture/compare register 2 TDOCCR2 16h
Capture/compare Latch 2 TDOCL2 18h
TDO High-Resolution Control 0 TDOHCTLO 38h
TDO High-Resolution Control 1 TDOHCTL1 3Ah
TDO High-Resolution Interrupt TDOHINT 3Ch
TDO Interrupt Vector TDOIV 3Eh

Table 43. TD1 Registers (Base Address: 0B40h)

REGISTER DESCRIPTION REGISTER OFFSET
TD1 Control 0 TD1CTLO 00h
TD1 Control 1 TD1CTL1 02h
TD1 Control 2 TD1CTL2 04h
TD1 Counter Register TD1R 06h
Capture/compare control 0 TD1CCTLO 08h
Capture/compare register 0 TD1CCRO 0Ah
Capture/compare Latch O TD1CLO 0Ch
Capture/compare control 1 TD1CCTL1 OEh
Capture/compare register 1 TD1CCR1 10h
Capture/compare Latch 1 TD1CL1 12h
Capture/compare control 2 TD1CCTL2 14h
Capture/compare register 2 TD1CCR2 16h
Capture/compare Latch 2 TD1CL2 18h
TD1 High-Resolution Control O TD1HCTLO 38h
TD1 High-Resolution Control 1 TD1HCTL1 3Ah
TD1 High-Resolution Interrupt TD1HINT 3Ch
TD1 Interrupt Vector TD1lV 3Eh
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Table 44. TECO Registers (Base Address: 0C00h)

REGISTER DESCRIPTION REGISTER OFFSET
Timer Event Control 0 External Control 0 TECOCTLO 00h
Timer Event Control 0 External Control TECOCTL1 02h
Timer Event Control 0 External Control TECOCTL2 04h
Timer Event Control O Status TECOSTA 06h
Timer Event Control O External Interrupt TECOXINT 08h
Timer Event Control O External Interrupt Vector TECOIV 0Ah

Table 45. TEC1 Registers (Base Address: 0C20h)

REGISTER DESCRIPTION REGISTER OFFSET
Timer Event Control 1 External Control O TEC1CTLO 00h
Timer Event Control 1 External Control TEC1CTL1 02h
Timer Event Control 1 External Control TEC1CTL2 04h
Timer Event Control 1 Status TEC1STA 06h
Timer Event Control 1 External Interrupt TECIXINT 08h
Timer Event Control 1 External Interrupt Vector TEC1IV 0Ah
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Absolute Maximum Ratings®

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

Voltage V¢ applied at DVCC to DVSS -03Vio4.1V
Voltage Vo applied at VIO to DVSS -03Vi06.1V
Voltage applied to any pin (excluding VCORE)® —0.3V 1o Ve +0.3V
Diode current at any device pin +2 mA
Storage temperature range, Tgg -55°C to 150°C
Maximum operating junction temperature, T, 95°C

(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 voltages referenced to Vss. Vcore is for internal device usage only. No external dc loading or voltage should be applied.

Thermal Packaging Characteristics

QFN (RSB) 87°C/W
Low-K board (JESD51-3)
. . . . TSSOP (DA) 109°C/W
03a Junction-to-ambient thermal resistance, still air
, QFN (RSB) 35°C/W
High-K board (JESD51-7)
TSSOP (DA) 69°C/W
_ , QFN (RSB) 36°C/W
0;c Junction-to-case thermal resistance
TSSOP (DA) 19°C/W
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Recommended Operating Conditions
Typical values are specified at V¢ = 3.3 V and T, = 25°C (unless otherwise noted)

MIN  NOM  MAX| UNIT
PMMCOREVXx =0 1.8 3.6 \%
Supply voltage during program execution and flash PMMCOREVx = 0, 1 2.0 36| V
Vee programming
V(AVCC) = V(DVCC) = VCC(l)(Z) PMMCOREVXx =0, 1, 2 2.2 3.6 \Y

PMMCOREVXx =0, 1, 2,3 2.4 3.6 \%
Vio Supply voltage of pins P1.6, P1.7, P2.0 to P2.7, P3.0, and P3.1 supplied by VIO® 1.8 55| V
Vss Supply voltage V(AVSS) = V(DVSS) = Vgg 0 \%
Ta Operating free-air temperature -40 85| °C
T, Operating junction temperature -40 85| °C
Cwcorey  Recommended capacitor at VCORE®) 470 nF
Covee)  capacitor ratio of DVCC to VCORE 10
C(vcore)

PMMCOREVX = 0,

1.8V<Vec<3.6V 0 12

(default condition)

. PMMCOREVX =1,

; Processor frequency (maximum MCLK frequency)® © 20V<Vee<36V 0 161 bz
SYSTEM (see Figure 2)

PMMCOREVX = 2, 0 20

22VsVees36V

PMMCOREVX = 3, 0 o5

24V <Vec<3.6V
PinT Internal power dissipation Ve x I(DVCC) w
Pio I/0 power dissipation of the I/O pins powered by DVCC (Vec - Viow) X liow + w

VioL X lio
Pios 1/0 power dissipation of the 1/O pins powered by VIO (Vio - Viows) X liows + w
Viois X lios

Pmax Maximum allowed power dissipation, Pyax > Pio + Pios + PinT (Ty-Ta)O3a w

(1) Itis recommended to power AVCC and DVCC from the same source. A maximum difference of 0.3 V between V(AVCC) and V(DVCC)
can be tolerated during power up and operation.

(2) The minimum supply voltage is defined by the supervisor SVS levels when it is enabled. See the PMM, SVS High Side threshold
parameters for the exact values and further details.

(3) Itis recommended to power DVCC and AVCC prior to DVIO. At DVCC and AVCC voltages higher than 1.8 V, the maximum difference
of 0.3 V between DVIO and DVCC and AVCC can be exceeded.

(4) A capacitor tolerance of £20% or better is required.

(5) The MSP430 CPU is clocked directly with MCLK. Both the high and low phase of MCLK must not exceed the pulse duration of the
specified maximum frequency.

(6) Modules may have a different maximum input clock specification. See the specification of the respective module in this data sheet.
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The numbers within the fields denote the supported PMMCOREVX settings.
Figure 2. Frequency vs Supply Voltage
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Electrical Characteristics

Active Mode Supply Current Into V- Excluding External Current
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

S FREQUENCY (fpco = fuerk = fsmerk)
]
1 MHz 8 MHz 12 MHz 20 MHz 25 MHz
EXECUTION x
o)
PARAMETER MEMORY Vee 9 UNIT
§ TYP MAX TYP MAX TYP MAX TYP MAX | TYP MAX
o
0 0.24 0.27 1.48 1.60 - - - - - -
| Flash . 1 0.26 - 1.66 - 2.48 2.7 - - - - A
as! m.
AM, Flash 2 0.28 - 1.83 - 2.72 - 450 48 - -
3 0.28 - 1.83 - 2.66 - 4.40 - 5.60 6.15
0 0.17 0.2 0.89 0.97 - - - - - -
| RAM 3y 1 0.18 - 1.00 - 1.49 1.62 - - - - A
m.
AM. RAM 2 0.20 - 1.14 - 1.68 - 275 3.0 - -
3 0.20 - 1.20 - 1.78 - 2.92 - 3.64 4.0
Low-Power Mode Supply Currents (Into V) Excluding External Current
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)® @
£ -40°C 25°C 60°C 85°C
w
@
PARAMETER Vee o UNIT
g TYP MAX TYP MAX TYP MAX TYP MAX
=
[2
| L e o 22V 0 82 90 85 90 87 95 85 100 A
Oow-power moade
L0, MRz P 3V 3 88 100 85 100 90 104 88 104 .
22V 0 10 12.5 10 12 10 12.5 12.5 13
ILpm2 Low-power mode 2 HA
3v 3 9 11.5 11 13 11 15 12 14
22V o 1.7 - 1.8 2.0 25 - 35 6.0
3V 2.0 - 2.0 22 3.0 - 37 6.0
22V N 1.8 - 1.9 - 25 - 4.0 -
| Low-power mode 3, 3V 21 - 2.2 N 2.5 - 4.0 - WA
LPM3, XTILE crystal mode 22V , 1.8 - 2.0 - 25 - 4.2 -
3V 2.0 - 22 - 2.8 - 4.2 -
22V 5 1.9 - 2.0 25 2.9 - 4.8 6.5
3V 21 - 22 25 3.0 - 5.2 7.0
22V 0 1.0 - 1.0 1.25 16 - 35 45
3v 1.1 - 1.2 1.4 15 - 3.6 5.0
22V N 1.0 - 1.1 - 1.8 - 3.0 -
| Low-power mode 3, 3V 1.3 - 1.1 - 2.0 - 3.2 - A
LRV, VL0 VLO mode 22V ) 11 - 11 - 18 - 31 -
3V 1.1 - 1.2 - 2.0 - 3.2 -
22V 5 11 - 1.1 1.4 1.9 - 35 5.0
3v 1.1 - 1.2 15 21 - 4.0 5.2
0 0.8 - 0.9 1.3 1.4 - 35 47
| L e a sy 1 0.8 - 1.0 - 1.4 - 35 - A
Ow-power moade
LPme P 2 058 - 1.0 - 15 - 36 - "
3 0.9 - 1.0 1.3 16 - 3.6 5.0
22V X 0.06 - 0.20 0.26 0.33 - 0.60 0.9
lLpmas Low-power mode 4.5 HA
3v X 0.07 - 0.25 0.29 0.37 - 0.77 0.9
(1) Allinputs are tied to 0 V or to Vcc. Outputs do not source or sink any current. DVIO = DVCC = AVCC.
(2) The currents are characterized with a Micro Crystal MS1V-T1K SMD crystal with a load capacitance of 12.5 pF. The internal and
external load capacitance are chosen to closely match the required 9 pF.
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Schmitt-Trigger Inputs — General Purpose I/O (P1.0 to P1.5, P3.2 to P3.7, and PJ.0 to PJ.6)
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Vce MIN TYP MAX | UNIT

Vir+  Positive-going input threshold voltage 18V 080 140 v
3V 1.50 2.10

Vir—  Negative-going input threshold voltage 18V 045 100 v
3V 0.75 1.65

Vhys  Input voltage hysteresis (Vir. — Vir_) 18V 03 08 Y
3V 0.4 1.0

Rpui  Pullup/pulldown resistor Eg; Eﬂ::gg;’v\;!NV:INV:S?/CC 20 35 50| kQ

C Input capacitance VN = Vgs OF Ve 5 pF

Schmitt-Trigger Inputs — General Purpose 1/O (P1.6 and P1.7, P2.0 to P2.7, and P3.0 and P3.1)

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Vio MIN  TYP MAX| UNIT

18V 0.80 1.40

ViT+ Positive-going input threshold voltage 3V 1.20 2.00 \%
5V 2.10 2.50
18V 0.45 0.90

Vir_ Negative-going input threshold voltage 3V 0.75 1.30 \%
5V 1.10 1.60
18V 0.27 0.45

Vhys Input voltage hysteresis (Vir+ — Vi) 3V 0.45 0.65 \%
5V 0.9 1.2

. For pullup: Viy = Vss
Rpuil Pullup/pulldown resistor For pulldown: Vyy = Vee 20 35 50| kQ
C Input capacitance VN = Vgs OF Ve 5 pF

Inputs — Ports P1 and P2®
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
PARAMETER TEST CONDITIONS Vce or Vipo MIN  MAX| UNIT

Port_ P1.0 to P1.5, External trigger pulse duration to 18V1036V 20
set interrupt flag

tiy  External interrupt timing® | . : ns
Port P1.6 and P1.7, and P2.0 to P2.7, External 1.8Vio5V o5

trigger pulse duration to set interrupt flag

(1) Some devices may contain additional ports with interrupts. See the block diagram and terminal function descriptions.
(2) An external signal sets the interrupt flag every time the minimum interrupt pulse duration t is met. It may be set by trigger signals
shorter than t;py.

Leakage Current — General Purpose I/0

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
PARAMETER TEST CONDITIONS Vce MIN TYP MAX| UNIT

Port P1.0 to P1.5, P3.0 to 1.8V103.6V +1 +50
| High-impedance | P3.7, PJ.0 to PJ.6 W @ ' : I nA
lkg(Px.y) leakage current Port P1.6 and P1.7, P2.0 to 18Vto5V +1 450

P2.7 ' - ~

(1) The leakage current is measured with Vgg or V¢ applied to the corresponding pin(s), unless otherwise noted.
(2) The leakage of the digital port pins is measured individually. The port pin is selected for input and the pullup or pulldown resistor is
disabled.
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Outputs — Ports P1, P3, PJ (Full Drive Strength, P1.0 to P1.5, P3.2 to P3.7, PJ.0 to PJ.6)
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Ve MIN MAX | UNIT

I(OHmax) =-3 mA(l) 18V Vee — 0.25 Vce
[ =-10 mA® ' Ve — 0.60 \Y

Vou High-level output voltage (OHima) ) e e \%
I(OHmax) =-5mA 3V Vee — 0.25 Vce
I(OHmax) =-15 mA(Z) Vee — 0.60 Vce
loLmax) = 3 mMA® 18V Vss Vss+0.25
[ =10 mA®@ ' Vss Vs + 0.60

VoL Low-level output voltage (OLmax) ) 55 SS9 \%
I(OLmax) =5mA 3V Vss Vss+0.25
I(OLmax) =15 mA(Z) Vss Vss + 0.60

(1) The maximum total current, lioHmax) @nd lioLmax), for all outputs combined should not exceed +48 mA to hold the maximum voltage drop
specified.

(2) The maximum total current, lioHmax) @nd l(oLmax), for all outputs combined should not exceed +100 mA to hold the maximum voltage
drop specified.

Outputs — Ports P1 to P3 (Full Drive Strength, P1.6 and P1.7, P2.0 to P2.7, P3.0 and P3.1)

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Vio MIN MAX| UNIT
loHsmax) = =3 MA™ 1gy | Vio—025 Vio
l(oHsmax) = =10 MA® ' Vio - 0.60 Vio

Vous  High-level output voltage omsma = =5 mA® 3V Vio - 0.25 Vio \Y
loHsmax) = =15 MA® Vio - 0.60 Vio
lioHsmax) = =7 MA® sy | V=025 Vio
lioHsmax) = =20 MA® Vio - 0.60 Vio
loL5max) = 3 MAX) 18V Vss Vss+0.25
l(otsmax = 10 MA® ' Vss Vss +0.60

Vos  Low-level output voltage oLsmax = 5 mA® 3V Vss Vss+ 025 Y
liotsmax = 15 mA® Vss Vss +0.60
loL5max) = 7 MAX) 5y Vss Vss+0.25
l(otsmax) = 20 MA® Vss Vss +0.60

(1) The maximum total current, lioHsmax) and loLsmax), for all outputs combined should not exceed +48 mA to hold the maximum voltage
drop specified.

(2) The maximum total current, lioHsmax) @nd loLsmax), for all outputs combined should not exceed +200 mA to hold the maximum voltage
drop specified.

Outputs — Ports P1, P3, PJ (Reduced Drive Strength, P1.0 to P1.5, P3.2 to P3.7, PJ.0 to PJ.6)
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)®

PARAMETER TEST CONDITIONS Vee MIN MAX | UNIT

l(OHmax) = —1 MA@ L8V Vee - 0.25 Vee
[ =-3mA® ' Vee - 0.60 v

Von  High-level output voltage (Ofimax) > cc cc|
I(OHmax) =-2mA 3v Vee —0.25 Vce
|(oHmax) = —6 MA® Vee - 0.60 Vee
loLmax = 1 mA® Lav Vss Vss +0.25
[ =3mA® ' Vss Vss + 0.60

VoL  Low-level output voltage (OLmax) 3 ss Vss v
l(oLmax) = 2 MA 3y Vss Vgs +0.25
loLmax) = 6 mA® Vss Vsgs + 0.60

(1) Selecting reduced drive strength may reduce EMI.

(2) The maximum total current, lioHmax) @nd lioLmax), for all outputs combined, should not exceed +48 mA to hold the maximum voltage drop
specified.

(3) The maximum total current, lioHmax) @nd l(oLmax), for all outputs combined, should not exceed +100 mA to hold the maximum voltage
drop specified.
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Outputs — Ports P1 to P3 (Reduced Drive Strength, P1.6 and P1.7, P2.0 to P2.7, P3.0 and P3.1)
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)®

PARAMETER TEST CONDITIONS Vio MIN MAX | UNIT
l(oHsmax) = —1 MA® 18V Vio—0.25 Vio
l(oHsmax) = =3 MA®) ' Vio - 0.60 Vio

Vous  High-level output voltage |ormay = =2 MA® 3V Vio~025 Vio| -y,
l(oHsmax) = —6 MA®) Vio - 0.60 Vio
l(oHsmax) = —4 MA® 50V Vio—0.25 Vio
l(oLsmax) = -12 mA®) ' Vio — 0.60 Vio
loLsmax) = 1 MA® 18V Vss Vss+0.25
loLsmax) = 3 MA®) . Vss Vss +0.60

Vous  Low-level output voltage oL i 2 mAg 3V Vss Ves*025)
loLsmax) = 6 MA Vss Vss +0.60
l(oHsmax) = 4 MA@ 50V Vss Vss+0.25
loLsmax) = 12 MA® . Vss Vss +0.60

(1) Selecting reduced drive strength may reduce EMI.

(2) The maximum total current, lioHsmax) @nd loLsmax), for all outputs combined, should not exceed +48 mA to hold the maximum voltage
drop specified.

(3) The maximum total current, lioHsmax) @nd loLsmax), for all outputs combined, should not exceed +200 mA to hold the maximum voltage
drop specified.

Output Frequency — Ports P1.0 to P1.5, P3.2 to P3.7, PJ.0 to PJ.6
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN MAX | UNIT
VCC =18V 16
¢ Port output frequency PJ.0/SMCLK , PMMCOREVx = 0 .
Pxy (with load) CL =20 pF, R =1 kQ® @ Vec =3V o5
PMMCOREVX =3
PJ.3/ACLK Vee =18V 16
PJ.0/SMCLK PMMCOREVx =0
frort_cLk Clock output frequency PJ.1/MCLK Veo=3V MHz
C_=20pF® PMMCOREVX = 3 25

(1) A resistive divider with 2 x 0.5 kQ between V¢ and Vsg is used as load. The output is connected to the center tap of the divider.
(2) The output voltage reaches at least 10% and 90% V¢ at the specified toggle frequency.

Output Frequency — Ports P1.6 and P1.7, P2.0 to P2.7, P3.0 and P3.1

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN  MAX| UNIT
VCC =1.8 V, V|o =18V 16
PMMCOREVxX =0
f Port output frequency P1.6 port mapper SMCLK from P3.4 Vee =3V, V=3V o5 MHz
Pxy (with load) CL=20pF, R =1kQ® @ PMMCOREVX = 3
VCC:3V,V|O:5V 25
PMMCOREVX = 3
Vee =18V, V=18V 16
PMMCOREVX = 0
P1.6 port mapper SMCLK from P3.4 Vee=3V,Vig=3V
frort_cLk Clock output frequency C_ = 20 pF®@ PMMCOREVX = 3 25 MHz
VCC=3V,V|0=5V 25
PMMCOREVX = 3

(1) A resistive divider with 2 x 0.5 kQ between V¢ and Vsg is used as load. The output is connected to the center tap of the divider.
(2) The output voltage reaches at least 10% and 90% V¢ at the specified toggle frequency.
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Typical Characteristics — Outputs, Reduced Drive Strength (PxDS.y = 0), Ports P1.0 to P1.5,
P3.2 to P3.7, PJ.0 to PJ.6

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

TYPICAL LOW-LEVEL OUTPUT CURRENT TYPICAL LOW-LEVEL OUTPUT CURRENT
VS VS
LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE
25.0 ‘ 8.0 ‘ ‘
< Vcc =3.0V < Vcc =18V TA =25°C
£ Px.y € 70| Pxy
J T,=25°C I
5 200 5 T,=85°C
£ — 2 6.0 / A= —
5 / 5 /
(&) — (&)
= / / T, =85°C % e /
2 15.0 / 2>
5 5
s/ S 1o
g / [
) o
| i
7 10.0 ;
3 = 3.0
S S
8 § 20
& 50 s
: 2l
1 1 1.0
3 _3 /
0.0 0.0
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 0.0 0.5 1.0 1.5 2.0
V,. — Low-Level Output Voltage — V V.. — Low-Level Output Voltage —V
Figure 3. Figure 4.
TYPICAL HIGH-LEVEL OUTPUT CURRENT TYPICAL HIGH-LEVEL OUTPUT CURRENT
VS VS
HIGH-LEVEL OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE
0.0 r r 0.0 T
< V=30V « V. =18V /
£ Px.y £ 1.0 | Px.y
1 [ :
5 50 5 /
= / £ -2.0
=1 =]
3 3 y
5 A 3 3.0 /
S -10.0 =
= =]
: // o
- - T,=85°C
g 0 Cesc -/ § 50 . —
pi 8 60 [~ 1 _o5C
S 2001 1,-25%C 2
1 1 -7.0
3 3
-25.0 -8.0
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 0.0 0.5 1.0 1.5 2.0
V,, — High-Level Output Voltage - V Vou — High-Level Output Voltage -V
Figure 5. Figure 6.
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Typical Characteristics — Outputs, Full Drive Strength (PxDS.y = 1), Ports P1.0 to P1.5, P3.2 to
P3.7, PJ.0 to PJ.6

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

TYPICAL LOW-LEVEL OUTPUT CURRENT TYPICAL LOW-LEVEL OUTPUT CURRENT
VS VS
LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE
000 \ T,=25°C 241\ _igv
< 550/ V,.=3.0V < cc = I-
£ Px.y E Px.y T, = 25°C
L 500 L
€ T,=85°C g 20
£ 450 =
=}
o / o T,=85C
_5, 40.0 // -':-" 16 /, A
2 =
5 35.0 =
S I/ o
< 300 / T>> 12
2 // g
4 25.0 =
: 8
3 200 3 8
g 150 / g
o
> 100 I o4
I =)
2 5.0 3 /
0.0 Y
00 05 10 15 20 25 3.0 35 0.0 0.5 1.0 1.5 20
V.. — Low-Level Output Voltage — V V,, — Low-Level Output Voltage -V
Figure 7. Figure 8.
TYPICAL HIGH-LEVEL OUTPUT CURRENT TYPICAL HIGH-LEVEL OUTPUT CURRENT
VS VS
HIGH-LEVEL OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE
0.0 T T 0 T
V., =3.0V V,.=1.8V
< . | cc <
g ™0 Px.y l € Px.y
L 100 o
5 5
£ -15.0 £
3 3
© 200 o
2 / 2
5 -25.0 5 /
o o
% -30.0 / / % /
- -35.0 / / T 12
K= =
2 400 / 2
T / / T
S -45.0 | S/ E T.=85°C
s T,=85C _~ / g -16
,T> -50.0 — » =
5 -55.0 3 T, =25°C
T,=25°C
-60.0 A 20 \
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 0.0 0.5 1.0 1.5 2.0
V., — High-Level Output Voltage —V V,, — High-Level Output Voltage — V
Figure 9. Figure 10.
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Typical Characteristics — Outputs, Reduced Drive Strength (PxDS.y = 0), Ports P1.6 and P1.7,
P2.0 to P2.7, P3.0 and P3.1

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

TYPICAL LOW-LEVEL OUTPUT CURRENT
VS
LOW-LEVEL OUTPUT VOLTAGE

60 —————
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DVIO=5.0V
Ty=25C
50
/ ol
40 —
/// To=85°C

30 //

iy

10

lo. - Typical Low-Level Output Current - mA

0

0 05 1 15 2 25 3 35 4 45 5 55

VoL - Low-Level O

utput Voltage - V

Figure 11.
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Figure 13.

lo. - Typical Low-Level Output Current - mA

loy - Typical High-Level Output Current - mA
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Figure 12.

VS
HIGH-LEVEL OUTPUT VOLTAGE
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Figure 14.
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Typical Characteristics — Outputs, Reduced Drive Strength (PxDS.y = 0), Ports P1.6 and P1.7,
P2.0 to P2.7, P3.0 and P3.1 (continued)

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

TYPICAL HIGH-LEVEL OUTPUT CURRENT TYPICAL HIGH-LEVEL OUTPUT CURRENT
VS VS
HIGH-LEVEL OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE
0 T T 0 ;
< DvCC=3.0V < DvCC =18V
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O 2
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3 3
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Figure 15. Figure 16.
46 Submit Documentation Feedback Copyright © 2010-2013, Texas Instruments Incorporated

Product Folder Links: MSP430F5172 MSP430F5152 MSP430F5132 MSP430F5171 MSP430F5151 MSP430F5131


http://www.ti.com/product/msp430f5172?qgpn=msp430f5172
http://www.ti.com/product/msp430f5152?qgpn=msp430f5152
http://www.ti.com/product/msp430f5132?qgpn=msp430f5132
http://www.ti.com/product/msp430f5171?qgpn=msp430f5171
http://www.ti.com/product/msp430f5151?qgpn=msp430f5151
http://www.ti.com/product/msp430f5131?qgpn=msp430f5131
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLAS619J&partnum=MSP430F5172
http://www.ti.com/product/msp430f5172?qgpn=msp430f5172
http://www.ti.com/product/msp430f5152?qgpn=msp430f5152
http://www.ti.com/product/msp430f5132?qgpn=msp430f5132
http://www.ti.com/product/msp430f5171?qgpn=msp430f5171
http://www.ti.com/product/msp430f5151?qgpn=msp430f5151
http://www.ti.com/product/msp430f5131?qgpn=msp430f5131

B TEXAS MENTS MSP430F5172, MSP430F5152, MSP430F5132
MSP430F5171, MSP430F5151, MSP430F5131

www.ti.com SLAS619J —AUGUST 2010—-REVISED OCTOBER 2013

Typical Characteristics — Outputs, Full Drive Strength (PxDS.y = 1), Ports P1.6 and P1.7, P2.0 to
P2.7, P3.0 and P3.1

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
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Figure 17. Figure 18.
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Figure 19. Figure 20.
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INSTRUMENTS

Typical Characteristics — Outputs, Full Drive Strength (PxDS.y = 1), Ports P1.6 and P1.7, P2.0 to
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-65
-70
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-90

loy - Typical High-Level Output Current - mA
A
(3]

P2.7, P3.0 and P3.1 (continued)
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

TYPICAL HIGH-LEVEL OUTPUT CURRENT
VS
HIGH-LEVEL OUTPUT VOLTAGE

L DVCd =3.0 V
I DVIO=3.0V I

/

| T.=85°C /

L T,=25°C
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0.5 1 1.5 2 25 3 3.5

Voy - High-Level Output Voltage -V
Figure 21.

lon - Typical High-Level Output Current - mA
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Figure 22.
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Crystal Oscillator, XT1, Low-Frequency Mode
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Vee MIN TYP MAX | UNIT
fOSC = 32768 Hz, XTS = 0,
XT1BYPASS = 0, XT1DRIVEX =1, 0.075
T, = 25°C
Differential XT1 oscillator crystal fosc = 32768 Hz, XTS =0,
Ipvee.Lk current consumption from lowest | XTIBYPASS = 0, XT1DRIVEX = 2, 3V 0.170 HA
drive setting, LF mode Ta =25°C
fOSC = 32768 Hz, XTS = 0,
XT1BYPASS = 0, XT1DRIVEX = 3, 0.290
T, = 25°C
fyreLFo I %Sdce'"ator crystal frequency, | y1g - o xT1BYPASS = 0 32768 Hz
f XT1 oscillator logic-level square- | 1o _ o yT1pvPASS = 1 10 32768 50| kHz
XTLLESW  wave input frequency, LF mode ' :
XTS =0,
XT1BYPASS =0, XT1DRIVEx =0, 210
OA Oscillation allowance for fxri,Lr = 32768 Hz, Cp et =6 pF O
LF LF crystals XTS =0,
XT1BYPASS =0, XT1DRIVEXx =1, 300
fXTl,LF = 32768 Hz, CL,eff =12 pF
XTS =0, XCAPx =0 2
c Integrated effective load XTS =0, XCAPx =1 5.5 E
L.eff capacitance, LF mode XTS = 0, XCAPx = 2 385 P
XTS =0, XCAPx =3 12.0
XTS =0, Measured at ACLK, o
Duty cycle, LF mode friie = 32768 Hz 30 70 %
fraultLF E’Sﬂ:ﬁ‘é‘: fault frequency, XTS =0 10 10000| Hz
fOSC = 32768 Hz, XTS = 0,
XT1BYPASS = 0, XT1DRIVEX = 0, 1000
i Ta=25°C, C_ eff = 12 pF
tSTART LF Startup time, LF mode - 3V ms
' fOSC = 32768 Hz, XTS = 0,
XT1BYPASS = 0, XT1DRIVEX = 3, 500
Ta =25°C, CL,eff =12 pF

Copyright © 2010-2013, Texas Instruments Incorporated

Submit Documentation Feedback

Product Folder Links: MSP430F5172 MSP430F5152 MSP430F5132 MSP430F5171 MSP430F5151 MSP430F5131

49


http://www.ti.com/product/msp430f5172?qgpn=msp430f5172
http://www.ti.com/product/msp430f5152?qgpn=msp430f5152
http://www.ti.com/product/msp430f5132?qgpn=msp430f5132
http://www.ti.com/product/msp430f5171?qgpn=msp430f5171
http://www.ti.com/product/msp430f5151?qgpn=msp430f5151
http://www.ti.com/product/msp430f5131?qgpn=msp430f5131
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLAS619J&partnum=MSP430F5172
http://www.ti.com/product/msp430f5172?qgpn=msp430f5172
http://www.ti.com/product/msp430f5152?qgpn=msp430f5152
http://www.ti.com/product/msp430f5132?qgpn=msp430f5132
http://www.ti.com/product/msp430f5171?qgpn=msp430f5171
http://www.ti.com/product/msp430f5151?qgpn=msp430f5151
http://www.ti.com/product/msp430f5131?qgpn=msp430f5131

MSP430F5172, MSP430F5152, MSP430F5132 B TEXAS MENTS
MSP430F5171, MSP430F5151, MSP430F5131

SLAS619J —AUGUST 2010—-REVISED OCTOBER 2013 www.ti.com

Crystal Oscillator, XT1, High-Frequency Mode®

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
PARAMETER TEST CONDITIONS Vee MIN TYP  MAX| UNIT

fosc =4 MHz,

XTS =1, XOSCOFF =0,
XT1BYPASS = 0, XT1DRIVEX = 0,
T = 25°C

fosc =12 MHz,

XTS =1, XOSCOFF =0,

. . . XT1BYPASS = 0, XT1DRIVEX = 1,
Differential XT1 oscillator crystal T, = 25°C

Ipvee HE current consumption from lowest HA

drive setting, HF mode fosc = 20 MHz,
XTS =1, XOSCOFF =0,

XT1BYPASS = 0, XT1DRIVEX = 2,
T = 25°C

fosc =32 MHz,

XTS =1, XOSCOFF =0,
XT1BYPASS = 0, XT1DRIVEX = 3,
T, = 25°C

200

260

3V 325

450

; XT1 oscillator crystal frequency, XTS =1,
XT1,HFO HF mode 0 XT1BYPASS = 0, XT1DRIVEx = 019

f XT1 oscillator crystal frequency, XTS =1,
XTLHF1 HF mode 1 XT1BYPASS = 0, XT1DRIVEx = 1@

; XT1 oscillator crystal frequency, XTS =1,
XT1,HF2 HF mode 2 XT1BYPASS = 0, XT1DRIVEx = 22

f XT1 oscillator crystal frequency, XTS =1,
XTLHF3 HF mode 3 XT1BYPASS = 0, XT1DRIVEx = 3

4 8| MHz

8 16| MHz

16 24| MHz

24 32| MHz

; XT1 oscillator logic-level square- XTS =1,
XTLHRESW  wave input frequency, HF mode XT1BYPASS =13 @

XTS =1,
XT1BYPASS =0, XT1DRIVEX =0, 450
fxr,HE =6 MHZ, C ¢ =15 pF

XTS =1,
XT1BYPASS =0, XT1DRIVEx =1, 320
Oscillation allowance for fxriHE =12 MHz, C ot = 15 pF
HF crystals® XTS=1,

XT1BYPASS =0, XT1DRIVEx = 2, 200
fXTl,HF = 20 MHz, CL,eﬁ =15 pF

XTS =1,
XT1BYPASS =0, XT1DRIVEXx =3, 200
fXTl,HF =32 MHz, CL,eﬁ =15 pF

fosc = 6 MHz, XTS = 1,
XT1BYPASS = 0, XT1DRIVEX = 0, 05
. TA = 25°C, CL eff = 15 pF
tSTART HF Startup time, HF mode ; 3v .
' fosc = 20 MHz, XTS = 1,

XT1BYPASS = 0, XT1DRIVEX = 2, 0.3
Ta = 25°C, Cpeft = 15 pF

0.7 32| MHz

OAur kQ

Integrated effective load

capacitance, HF mode® © XTS=1 1 pF

CL,eff

(1) To improve EMI on the XT1 oscillator the following guidelines should be observed.
(a) Keep the traces between the device and the crystal as short as possible.
(b) Design a good ground plane around the oscillator pins.
(c) Prevent crosstalk from other clock or data lines into oscillator pins XIN and XOUT.
(d) Avoid running PCB traces underneath or adjacent to the XIN and XOUT pins.
(e) Use assembly materials and techniques that avoid any parasitic load on the oscillator XIN and XOUT pins.
(f) If conformal coating is used, make sure that it does not induce capacitive or resistive leakage between the oscillator pins.
(2) Maximum frequency of operation of the entire device cannot be exceeded.
(3) When XT1BYPASS is set, the VLO, REFO, XT1 circuits are automatically powered down.
(4) Oscillation allowance is based on a safety factor of 5 for recommended crystals.
(5) Includes parasitic bond and package capacitance (approximately 2 pF per pin).
Because the PCB adds additional capacitance, it is recommended to verify the correct load by measuring the ACLK frequency. For a
correct setup, the effective load capacitance should always match the specification of the used crystal.
(6) Requires external capacitors at both terminals. Values are specified by crystal manufacturers.
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Crystal Oscillator, XT1, High-Frequency Mode® (continued)

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Vce MIN TYP MAX | UNIT
XTS =1, Measured at ACLK, o
Duty cycle, HF mode ferinra = 20 MHz 40 50 60 %
Oscillator fault frequency,
feaultHE HE moda (™ quency XTS=1® 30 300| kHz
(7) Frequencies below the MIN specification set the fault flag. Frequencies above the MAX specification do not set the fault flag.
Frequencies between the MIN and MAX specifications might set the flag.
(8) Measured with logic-level input frequency but also applies to operation with crystals.
Internal Very-Low-Power Low-Frequency Oscillator (VLO)
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Vee MIN TYP  MAX| UNIT
fuLo VLO frequency Measured at ACLK 1.8Vt03.6V 6 9.4 14| kHz
dfy o/dt VLO frequency temperature drift Measured at ACLK® 1.8Vt03.6V 0.5 %/°C
dfy o/dVce VLO frequency supply voltage drift Measured at ACLK® 1.8Vt03.6V 4 %IV

Duty cycle Measured at ACLK 1.8Vt0o3.6V 40 50 60 %

(1) Calculated using the box method: (MAX(-40 to 85°C) MIN(-40 to 85°C)) / MIN(85°C (40°C)). The coefficient is negative.

(2) Calculated using the box method: (MAX(1.8 to 3.6 V) MIN(1.8 to 3.6 V)) / MIN(1.8 to 3.6 V) / (3.6 V 1.8 V). The coefficient is positive.

Internal Reference, Low-Frequency

Oscillator (REFO)

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Ve MIN TYP  MAX| UNIT
IReEFO REFO oscillator current consumption | Tp = 25°C 1.8Vto3.6V 3 HA
REFO frequency calibrated Measured at ACLK 1.8Vto3.6V 32768 Hz
frero . Full temperature range 1.8Vto3.6V +3.5 %
REFO absolute tolerance calibrated
Ta=25°C 3V 15| %
dfrero/dt REFO frequency temperature drift Measured at ACLK® 1.8Vto3.6V 0.01 %/°C
dfrRero/dVec  REFO frequency supply voltage drift | Measured at ACLK® 1.8Vto3.6V 1.0 %IV
Duty cycle Measured at ACLK 1.8Vto3.6V 40 50 60 %
tsTART REFO startup time 40%/60% duty cycle 1.8Vto3.6V 25 us
(1) Calculated using the box method: (MAX(-40 to 85°C) MIN(-40 to 85°C)) / MIN(85°C (40°C))
(2) Calculated using the box method: (MAX(1.8 to 3.6 V) MIN(1.8 to 3.6 V)) / MIN(1.8t0 3.6 V) / (3.6 V 1.8 V)
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DCO Frequency

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT
fbco(,0) DCO frequency (0, 0)® DCORSELXx = 0, DCOXx = 0, MODx = 0 0.07 0.20| MHz
foco(,31) DCO frequency (0, 31)® DCORSELXx = 0, DCOx = 31, MODx = 0 0.70 1.70| MHz
foco(,0) DCO frequency (1, 0)® DCORSELXx = 1, DCOXx = 0, MODx = 0 0.15 0.38| MHz
foco(,31) DCO frequency (1, 31)® DCORSELXx = 1, DCOx = 31, MODx = 0 1.47 3.45| MHz
foco@,0) DCO frequency (2, 0)® DCORSELXx = 2, DCOXx = 0, MODx = 0 0.32 0.75| MHz
foco@,a1) DCO frequency (2, 31)®W DCORSELXx = 2, DCOx = 31, MODx = 0 3.17 7.38| MHz
foco(,0) DCO frequency (3, 0)® DCORSELXx = 3, DCOx = 0, MODx = 0 0.64 1.51| MHz
focom,a1) DCO frequency (3, 31)®W DCORSELXx = 3, DCOx = 31, MODx = 0 6.07 14.0| MHz
foco(,0) DCO frequency (4, 0)® DCORSELXx = 4, DCOXx = 0, MODx = 0 1.3 3.2| MHz
foco,a1) DCO frequency (4, 31)® DCORSELXx = 4, DCOx = 31, MODx = 0 12.3 28.2| MHz
foco(s,0) DCO frequency (5, 0)® DCORSELXx = 5, DCOx = 0, MODx = 0 25 6.0| MHz
focos,a1) DCO frequency (5, 31)®W DCORSELXx = 5, DCOx = 31, MODx = 0 23.7 54.1| MHz
foco(s,0) DCO frequency (6, 0)® DCORSELXx = 6, DCOx = 0, MODx = 0 4.6 10.7| MHz
foco(s,31) DCO frequency (6, 31)® DCORSELXx = 6, DCOx = 31, MODx = 0 39.0 88.0| MHz
foco(7,0) DCO frequency (7, 0)® DCORSELXx = 7, DCOXx = 0, MODx = 0 8.5 19.6 | MHz
foco,31) DCO frequency (7, 31)® DCORSELXx = 7, DCOx = 31, MODx = 0 60 135| MHz
SbcoRrsEL ErgguReSnI(E:{ Ztﬁg lt))%t\cl\)/geSnErLarlgle SrskeL = focopcorseL+1,bco)/focopcorseL,bco) 12 24| ratio
Sbco Z;%q;ggyf]t_ep between tap DCO Sbco = focopcorseL bco+1)/focopcorseL beo) 1.02 1.12| ratio
Duty cycle Measured at SMCLK 40 50 60| %
dfpco/dT DCO frequency temperature drift foco =1 MHz, Vcore = 1.2V, 2.0V 0.1 %I/°C
dfpco/dVcore DCO frequency voltage drift foco = 1 MHz 19 %IV

(1) When selecting the proper DCO frequency range (DCORSELX), the target DCO frequency, fpco, should be set to reside within the
range of fpcom, 0),max < foco = focon, 31),min: Where focon, 0)max represents the maximum frequency specified for the DCO frequency,

range n, tap 0 (DCOx = 0) and fpcon,31),miNn rEPresents the minimum frequency specified for the DCO frequency, range n, tap 31 (DCOx
= 31). This ensures that the target DCO frequency resides within the range selected. It should also be noted that if the actual fpco
frequency for the selected range causes the FLL or the application to select tap 0 or 31, the DCO fault flag is set to report that the

selected range is at its minimum or maximum tap setting.

Typical DCO Frequency, V.. =3.0V,T, =25°C
100 —
=
y4 V4
y4 y4
/ / /
g /
10 > ,'/ ,/ ,'/
g 7/ / / V4
0 / / /
: ;7 7
- DCOX = 31 / / /
1 / / /
I’ I’ Il
y 4 V4 V4
7 7
/ /
/ 7/
0.1 /DCOx =0
0 1 2 3 4 5 6
DCORSEL
Figure 23. Typical DCO frequency
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PMM, Brown-Out Reset (BOR)

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT

BORy on voltage,

V(DVCC_BOR_IT-) DVCC faIIlng level dDVCc/dt <3V/s 1.45 \V
BORy off voltage,

V(ovee_BOR IT+) DVee rising level dDVc/di < 3 Vis 0.80 130 150| V

V(DVCCﬁBOthys) BORK{ hysteresis 40 275 mV
BOR, on voltage, _

V(VCORE_BOR_lT-) VCORE falllng level DVCC =18Vto3.6V 0.69 0.87 \V
BOR, off voltage, _

V(VCORE_BOR_IT+) Veore rising level DVee = 1.8V 10 3.6 V 0.83 1.05| V

V(VCOREﬁBOthys) BOR_ hysteresis 60 200 mV

tdgor BOR| reset release time 2000 ps

t Pulse duration required at RST/NMI 5 S

RESET pin to accept a reset H
PMM, Core Voltage
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT

Core voltage, active

Vcorea(AM) mode. PM&COREV _3 |24V SDVccS3.6V,0mASI(Veore) S 25 mA 1.90 Vv
Core voltage, active

VCOREZ(AM) mode, PM%ACOREV =2 22V< DVCC <36V,0mA= I(VCORE) <21 mA 1.80 \Y
Core voltage, active

VCOREl(AM) mode, PM%ICOREV =1 20Vvs DVee = 36V,0mA< I(VCORE) <17 mA 1.60 \%
Core voltage, active

VCOREO(AM) mode, PM%ACOREV =0 1.8V < DVCC <36V,0mA= I(VCORE) <13 mA 1.40 \Y
Core voltage, active

VCORES(LPM) mode, PM%ICOREV =3 24V < DVee = 36V,0mA< I(VCORE) <30 HA 1.94 \%
Core voltage, low-current

Vcore2(LPM) mode, PMEACOREV _, |22V=DVccS3.6V,0pASI(Veore) < 30 HA 1.84 v
Core voltage, low-current

VCOREl(LPM) mode, PM%ICOREV =1 20Vvs DVee = 36V,0 HA = I(VCORE) <30 HA 1.64 \%
Core voltage, low-current

Vcoreo(LPM) mode, PMEACOREV _o |18V=DVccS3.6V,0pASI(Veore) < 30 HA 1.44 v

Copyright © 2010-2013, Texas Instruments Incorporated Submit Documentation Feedback 53

Product Folder Links: MSP430F5172 MSP430F5152 MSP430F5132 MSP430F5171 MSP430F5151 MSP430F5131


http://www.ti.com/product/msp430f5172?qgpn=msp430f5172
http://www.ti.com/product/msp430f5152?qgpn=msp430f5152
http://www.ti.com/product/msp430f5132?qgpn=msp430f5132
http://www.ti.com/product/msp430f5171?qgpn=msp430f5171
http://www.ti.com/product/msp430f5151?qgpn=msp430f5151
http://www.ti.com/product/msp430f5131?qgpn=msp430f5131
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLAS619J&partnum=MSP430F5172
http://www.ti.com/product/msp430f5172?qgpn=msp430f5172
http://www.ti.com/product/msp430f5152?qgpn=msp430f5152
http://www.ti.com/product/msp430f5132?qgpn=msp430f5132
http://www.ti.com/product/msp430f5171?qgpn=msp430f5171
http://www.ti.com/product/msp430f5151?qgpn=msp430f5151
http://www.ti.com/product/msp430f5131?qgpn=msp430f5131

MSP430F5172, MSP430F5152, MSP430F5132 1B TEXAS MENTS
MSP430F5171, MSP430F5151, MSP430F5131

SLAS619J —AUGUST 2010—REVISED OCTOBER 2013 www.ti.com

PMM, SVS High Side
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
SVSHE =0, DVcc = 3.6 V 0 nA
I(svsh) SVS current consumption SVSHE =1, DV¢c = 3.6 V, SVSHFP =0 200 nA
SVSHE =1, DV = 3.6 V, SVSHFP = 1 2 HA
SVSHE =1, SVSHRVL =0 1.59 1.64 1.69
SVSHE =1, SVSHRVL =1 1.79 1.84 1.91
V(svsH_IT) SVSy on voltage level \
SVSHE =1, SVSHRVL =2 1.98 2.04 2.11
SVSHE =1, SVSHRVL =3 210 216 223
SVSHE =1, SVSMHRRL =0 1.62 1.74 1.81
SVSHE =1, SVSMHRRL = 1 1.88 1.94 2.01
SVSHE =1, SVSMHRRL = 2 2.07 2.14 221
Visvsits SV, off voltage level SVSHE =1, SVYSMHRRL =3 220 226 233 v
- SVSHE =1, SVSMHRRL =4 2.32 2.40 2.48
SVSHE =1, SVSMHRRL =5 2.56 2.70 2.84
SVSHE =1, SVSMHRRL =6 2.85 3.00 3.15
SVSHE =1, SVSMHRRL =7 2.85 3.00 3.15
) SVSHE = 1, dVpycc/dt = 10 mV/us, SVSHFP = 1 25
tpd(svsH) SVSy propagation delay ps
SVSHE = 1, dVpycc/dt = 1 mV/us, SVSHFP = 0 25
. SVSHE =0->1, SVSHFP =1 12.5
t(svsH) SVSy on or off delay time SVSHE =0 > 1, SVSHFP = 0 100 ps
dVpycc/dt DV rise time 0 1000| VIs
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PMM, SVM High Side

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP  MAX| UNIT
SVMHE =0, DVcc = 3.6 V 0 nA
l(svMH) SVMy current consumption SVMHE =1, DV¢c = 3.6 V, SYMHFP =0 200 nA
SVMHE =1, DVcc = 3.6 V, SYMHFP = 1 2.0 HA
SVMHE =1, SVSMHRRL =0 1.65 1.74 1.86
SVMHE =1, SVSMHRRL =1 1.85 1.94 2.02
SVMHE =1, SVSMHRRL =2 2.02 2.14 2.22
SVMHE =1, SVSMHRRL =3 2.18 2.26 2.35
V(svmH) SVMy on or off voltage level SVMHE =1, SVSMHRRL =4 2.32 2.40 2.48 \%
SVMHE =1, SVSMHRRL =5 2.56 2.70 2.84
SVMHE =1, SVSMHRRL =6 2.85 3.00 3.15
SVMHE =1, SVSMHRRL =7 2.85 3.00 3.15
SVMHE =1, SVMHOVPE =1 3.75
) SVMHE = 1, dVpycc/dt = 10 mV/pus, SVMHFP = 1 25 us
tpd(svMH) SVMy propagation delay
SVMHE = 1, dVpycc/dt = 1 mVius, SYMHFP = 0 20 us
. SVMHE =0->1, SVSHFP =1 125
t(svMH) SVMy on or off delay time SYMHE = 0 -> 1, SVSHFP = 0 100 us
PMM, SVS Low Side
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP  MAX| UNIT
SVSLE =0, PMMCOREYV =2 0 nA
lisvsL) SVS, current consumption SVSLE = 1, PMMCOREYV = 2, SVSLFP =0 200 nA
SVSLE =1, PMMCOREV =2, SVSLFP =1 2.0 HA
) SVSLE = 1, dVcore/dt = 10 mV/us, SVSLFP = 1 6
t(svsL) SVS, on or off delay time us
SVSLE =1, dVgore/dt = 1 mV/ps, SVSLFP =0 50
. SVMHE=0->1, SVSLFP =1 12.5
tpd(svsL) SVS, propagation delay SVMHE = 0 > 1, SVSLFP = 0 100 us
PMM, SVM Low Side
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP  MAX| UNIT
SVMLE = 0, PMMCOREYV = 2 0 nA
l(svmL) SVM, current consumption SVMLE =1, PMMCOREV = 2, SVMLFP =0 200 nA
SVMLE =1, PMMCOREV = 2, SVMLFP =1 2.0 HA
i SVMLE = 1, dVogre/dt = 10 mV/ps, SVMLFP =1 25
thd(svmL) SVM, propagation delay us
SVMLE = 1, dVore/dt = 1 mV/ps, SYMLFP =0 30
. SVMLE=0->1, SVSLFP =1 12.5
tsvmu) SVM_ on or off delay time SYMLE = 0 > 1, SVSLFP = 0 100 us
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Wake Up From Low-Power Modes
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
_ fuicLk = 4 MHz 3 65
t Wake-up time from LPM2, PMMCOREVX = 0 = SVSMLRRLx = n s
FAST-WAKE-UP | pM3, or LPM4 to active mode | (where n =0, 1, 2, or 3), SVSLFP = 1 i m:z < fvecwk < 4 8ol M
z
t Wake-up time from LPM2, PMMCOREVX = 0 = SVSMLRRLx = n 150 165 s
SLOW-WAKE-UP | pM3, or LPM4 to active mode | (where n =0, 1, 2, or 3), SVSLFP =0 H
Wake-up time from LPM4.5 to
TWAKE-UP LPM5  active mode 2 3| ms
t Wake-up time from RST or 2 3| ms
WAKE-UP-RESET  BOR event to active mode
Timer_A
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
PARAMETER TEST CONDITIONS Vce MIN TYP MAX | UNIT
Internal: SMCLK, ACLK
fra Timer_A input clock frequency External: TACLK 1.8V,3V 25| MHz
Duty cycle = 50% + 10%
All capture inputs.
tTA cap Timer_A capture timing Minimum pulse duration required for 1.8V,3V 20 ns
capture.
USCI (UART Mode)
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
PARAMETER TEST CONDITIONS Vce MIN TYP MAX | UNIT
Internal: SMCLK, ACLK
fusci USCI input clock frequency External: UCLK fsystem | MHz
Duty cycle = 50% + 10%
Maximum BITCLK clock frequency
fmax gireLi (equals baud rate in MBaud)® 1 MHz
) . ) 22V 50 150 200
tr UART receive deglitch time ns
3V 50 150 200
(1) The DCO wake-up time must be considered in LPM3 and LPM4. The wake-up time must be considered in LPMx.5.
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USCI (SPI Master Mode)
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted) (see Figure 24 and

Figure 25)
PARAMETER TEST CONDITIONS Vee MIN TYP MAX| UNIT
. SMCLK, ACLK
fusci USCI input clock frequency Duty cycle = 50% + 10% fsystem | MHz
1.8V 55
PMMCOREV =0
t SOMI i t dat tup ti 3V 38
input data setup time ns
SU,MI p p oav 30
PMMCOREYV =3
3V 25
1.8V 0
PMMCOREV =0
t SOMI input data hold ti 3V 0
input data hold time ns
HD,MI p oav 0
PMMCOREV =3
3V 0
UCLK edge to SIMO valid, 18V 20
C, = 20 pF, PMMCOREV =0 3V 18
tvALID,MO SIMO output data valid time ns
UCLK edge to SIMO valid, 24V 16
C, = 20 pF, PMMCOREV = 3 3V 15
1.8V -10
C_ =20 pF, PMMCOREV =0 3v s ns
f SIMO output data hold time
HD,MO p oav 10
C_ =20 pF, PMMCOREV =3 ns
3V -8
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Figure 24. SPI Master Mode, CKPH =0
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USCI (SPI Slave Mode)
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted) (see Figure 26 and

Figure 27)
PARAMETER TEST CONDITIONS Vee MIN TYP MAX | UNIT
1.8V 11
PMMCOREV =0 ns
t STE lead ti STE low to clock 3V 8
ead time, ow to cloc
STE,LEAD 24V 7
PMMCOREYV = 3 ns
3V 6
18V 3
PMMCOREV =0 ns
. . 3V 3
tstetac STE lag time, Last clock to STE high PYAY 3
PMMCOREV = 3 : ns
3V 3
18V 66
PMMCOREV =0 ns
. 3V 50
tsteacc  STE access time, STE low to SOMI data out PYAY 26
PMMCOREYV = 3 : ns
3V 30
18V 30
PMMCOREV =0 ns
STE disable time, STE high to SOMI high 3V 23
ISTE DIS impedance
24V 16
PMMCOREYV = 3 ns
3V 13
1.8V 5
PMMCOREV =0 ns
t SIMO i t dat: tup ti 3V >
input data setup time
SU,SI p p PYRY 5
PMMCOREYV = 3 ns
3V 2
1.8V 5
PMMCOREV =0 ns
t SIMO input data hold ti 3V >
input data hold time
HD,SI p 24V 5
PMMCOREYV = 3 ns
3V 5
UCLK edge to SOMI valid, 18V 76 s
C_ =20 pF, PMMCOREV =0 3V 60
tvaLip,so  SOMI output data valid time
UCLK edge to SOMI valid, 24V 44 s
C_ = 20 pF, PMMCOREV = 3 3v 40
1.8V 18
C_ =20 pF, PMMCOREV =0 ns
t SOMI output data hold ti 3V 12
output data hold time
HD,SO p 24V 10
C_ =20 pF, PMMCOREYV =3 ns
3V 8
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Figure 26. SPI Slave Mode, CKPH =0
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Figure 27. SPI Slave Mode, CKPH =1
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USCI (12C Mode)
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted) (see Figure 28)
PARAMETER TEST CONDITIONS Vce MIN TYP MAX | UNIT
Internal: SMCLK, ACLK
fuscl USCI input clock frequency External: UCLK fsystem| MHz
Duty cycle = 50% + 10%
fscL SCL clock frequency 22V,3V 0 400 | kHz
) fscL < 100 kHz 4.0
tHp.STA Hold time (repeated) START 22V,3V us
' fSCL > 100 kHz 0.6
_ fsoL < 100 kHz 4.7
tsu.sTA Setup time for a repeated START 22V,3V us
' fSCL > 100 kHz 0.6
tHp, DAT Data hold time 22V,3V 0 ns
tsu,pAT Data setup time 22V,3V 250 ns
) fscL < 100 kHz 4.0
tsu.sto Setup time for STOP 22V,3V us
' fSCL > 100 kHz 0.6
¢ Pulse duration of spikes suppressed by 22V 50 600
sp ; h ns
input filter 3V 50 600
I<_’I_ tHD.STA tSU.STA HD STA BUF
[ |
soA \ | [/ X )C | \ £
| | | f— | |
k_ tLOW _’k‘tmGH" | | tsp
| , |
T\ L/ \ |
(I I
h—"— tsu,nAT tsu sm
tHD,DAT_|4_’I
Figure 28. 12C Mode Timing
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10-Bit ADC, Power Supply and Input Range Conditions (MSP430F51x2 Devices Only)
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)®

PARAMETER TEST CONDITIONS Vee MIN TYP  MAX| UNIT
AVcc and DV are connected together,
AVce Analog supply voltage AVgs and DVsg are connected together, 1.8 3.6 \%
V(avss) = Viovss) =0V
. 2 | All ADC10_A pins: P1.0 to P1.5 and P3.6 and P3.7
Viax) Analog input voltage range terminals 0 AVce Y
Operating supply current into | fapciocLk = 5 MHz, ADC100N = 1, REFON = 0, 22V 60 90
AVCC terminal, REF module | SHTO =0, SHT1 =0, ADC10DIV =0, HA
and reference buffer off ADC10SREF = 00 3V 75 100
Operating supply current into | fapciocLk = 5 MHz, ADC100N = 1, REFON =1,
AVCC terminal, REF module | SHTO =0, SHT1 =0, ADC10DIV =0, 3V 113 130| pA
| on, reference buffer on ADC10SREF =01
ADCI0A Operating supply current into | fapciocLk = 5 MHz, ADC100N = 1, REFON = 0,
AVCC terminal, REF module | SHTO =0, SHT1 =0, ADC10DIV =0, 3V 105 125| pA
off, reference buffer on ADC10SREF =10, VEREF =25V
Operating supply current into | fapciocLk = 5 MHz, ADC100N = 1, REFON = 0,
AVCC terminal, REF module | SHTO =0, SHT1 =0, ADC10DIV =0, 3V 70 95| pA
off, reference buffer off ADC10SREF =11, VEREF =25V
Only one terminal Ax can be selected at one time
C Input capacitance from the pad to the ADC10_A capacitor array 22V 35 pF
including wiring and pad
AVce > 2.0V, 0V s Va <AV 36
R Input MUX ON resistance ce Ax e kQ
1.8V < AV < 2.0V, 0V £ Vpy < AVec 96

(1) The leakage current is defined in the leakage current table with P6.x/Ax parameter.
(2) The analog input voltage range must be within the selected reference voltage range Vg. to Vr_ for valid conversion results. The external
reference voltage requires decoupling capacitors. See 0.

10-Bit ADC, Timing Parameters (MSP430F51x2 Devices Only)
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Vee MIN  TYP MAX| UNIT
For specified performance of ADC10_A linearity
fabciocLk parameters 22V,3V 0.45 5 55| MHz
Internal ADC10_A
fADClOOSC oscillator(l) - ADCI10DIV = 0, fADClOCLK = fADClOOSC 2.2 V, 3V 4.2 4.8 5.4 MHz
REFON = 0, Internal oscillator, 12 ADC10CLK
cycles, 10-bit mode 22V,3V 2.4 3.0
tconvert  Conversion time fapcioosc = 4 MHz to 5 MHz us
External fapciocLk from ACLK, MCLK or SMCLK, @
ADCI10SSEL #0
Turn on settling time of
tapc100N the ADC 9 See @) 100 ns
o Rs = 1000 Q, R, = 96 kQ, C, = 3.5 pF®¥ 1.8V ps
tsample Sampling time 7
Rs = 1000 Q, R, = 36 kQ, C, = 3.5 pF®¥ 3V Us
(1) The ADC100SC is sourced directly from MODOSC inside the UCS.
(2) 12 x ADC10DIV x 1/fADC10CLK
(3) The condition is that the error in a conversion started after tapcioon IS less than 0.5 LSB. The reference and input signal are already
settled.
(4) Approximately eight Tau (1) are required for an error of less than +0.5 LSB
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10-Bit ADC, Linearity Parameters (MSP430F51x2 Devices Only)
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP  MAX| UNIT
. . 1.4V £ (VEREF+ - VEREF-)min £ 1.6 V +1.0
E, Integral linearity error - LSB
1.6 V < (VEREF+ — VEREF-)min £ Vaycc +1.0
Ep Differential linearity error (VEREF+__ VEREF-)min < (VEREF+ — VEREF-), +1.0| LSB
Cverer+ = 20 pF
(VEREF+ — VEREF-)min < (VEREF+ — VEREF-),
Eo Offset error Internal impedance of source Rg < 100 Q, +1.0| LSB
Cverer+ = 20 pF
Gain error, external reference (VEREF+ — VEREF-)min < (VEREF+ — VEREF-), +1.0| LSB
Eg Gain error, external reference, buffered Cverer+ = 20 pF 15| LSB
Gain error, internal reference See M +1.5% | VREF
Total unadjusted error, external buffered | (VEREF+ — VEREF-)min £ (VEREF+ — VEREF-),
_ +1.0 +20| LSB
Et and unbuffered reference Cverer+ = 20 pF
Total unadjusted error, internal reference | See @) +1.5% | VREF

(1) Dominated by the absolute voltage of the integrated reference voltage.

REF, External Reference (MSP430F51x2 Devices Only)
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)®

PARAMETER TEST CONDITIONS Vce MIN TYP MAX| UNIT
VEREF+ \Fl’;fgé"eeiﬁ;ﬁma' reference | EREF+ > VEREF- @ 1.4 AVee| V
VEREF- \';';ggg’?ngﬁttema' reference | \ergr+ > VEREF- © 0 12| v
VEREF+ -  Differential external )
VEREF- reference voltage input VEREF+ > VEREF- 1.4 AVec| v
1.4V < VEREF+ £ V(AVCC), VEREF- =0V,
fADClOCLK =5 MHz, ADC10SHTx = 0x0001, 22V,3V +8.5 +26 HA
Conversion rate 200 ksps
:(VEREF") Static input current P
(VEREF-) 1.4V < VEREF+ £ V(AVCC), VEREF- =0V,
fADClOCLK =5 MHZ, ADC10SHTX = 0x1000, 22V,3V +1 HA
Conversion rate 20 ksps
Capacitance at VEREF+ ®)
C(VEREF+)  and VEREF- terminals See 10 KF

(1) The external reference is used during ADC conversion to charge and discharge the capacitance array. The input capacitance, C,, is also
the dynamic load for an external reference during conversion. The dynamic impedance of the reference supply should follow the
recommendations on analog-source impedance to allow the charge to settle for 10-bit accuracy.

(2) The accuracy limits the minimum positive external reference voltage. Lower reference voltage levels may be applied with reduced
accuracy requirements.

(3) The accuracy limits the maximum negative external reference voltage. Higher reference voltage levels may be applied with reduced
accuracy requirements.

(4) The accuracy limits minimum external differential reference voltage. Lower differential reference voltage levels may be applied with
reduced accuracy requirements.

(5) Two decoupling capacitors, 10 uF and 100 nF, should be connected to VEREF to decouple the dynamic current required for an external
reference source if it is used for the ADC10_A. See also the MSP430x5xx and MSP430x6xx Family User's Guide (SLAU208).
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REF, Built-In Reference (MSP430F51x2 Devices Only)
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)®

PARAMETER TEST CONDITIONS Vce MIN TYP MAX | UNIT
REFVSEL = {2} for 2.5V, REFON = 1 3V 251 +1.5%
VREE+ Positive built-in REFVSEL = {1} for 2.0 V, REFON = 1 3V 199 +1.5% Vv
reference voltage 290V
REFVSEL = {0} for 1.5V, REFON =1 3 v ! 15 £1.5%
AVCC minimum REFVSEL = {0} for 1.5 V 1.8
AVceminy  Voltage, Posit‘ive built-in | REFVSEL = {1} for 2.0 V 2.3 \%
reference active REFVSEL = {2} for 2.5 V 2.8
fADClOCLK =5 MHz, REFON =1,
REFBURST = 0, REFVSEL = {0} for 1.5 VV 3V 15.5 191 pA
Operating supply f _ _
; =5 MHz, REFON =1
ADC10CLK ' ’
IReF+ fgrrr:]eir?;;gt)o AvCC REFBURST = 0, REFVSEL = {1} for 2.0 V 3V 18 24| A
fADClOCLK =5 MHz, REFON =1,
REFBURST = 0, REFVSEL = {2} for 2.5 VV 3V 21 30| wA
Temperature coefficient _ _ ppm/
TCrer+ of builtin reference® | REFVSEL = (0, 1, 2}, REFON = 1 30 SR
o e SB[ eron =1, ncH = oan s o]
SENSOR terminal @ ADCI100N =1, Ty = 30°C 3V 150 190
v See © REFON = 1, INCH = 0Ah, 22V 765 v
SENSOR ADC100N =1, T = 30°C 3V 765
v AV divider at ADCI00N = 1, INCH = 0Bh, 22V 1.06 11 114 v
MID channel 11 Vuip is approximately 0.5 X Vayce 3V 1.46 15 154
tSENSOR fﬁ;’:}f\'; t'lrg?sreq“'red | ADC100N = 1, INCH = 0N, 20 .
(sample) selected ® Error of conversion result < 1 LSB H
tymiD fﬁ;’:}f\'; t'lT?sreq“'red | ADC100N = 1, INCH = 0Bh, 1 .
(sample) selected Error of conversion result <1 LSB H
Power SUpply rejection AVCC = AVCC (min) ~ AVCC(max)v
PSRR_DC ti0 (dc) T, = 25°C, REFVSEL = (0, 1, 2}, REFON = 1 120 300| pviv
P AVcc = AVce (min) - AVec(max):
PSRR_AC ;‘ii"(‘)’e(;i;pp'y rejection | 1 Zgec, f= 1 kHz, AVpp = 100 mV, 6.4 mv/v
REFVSEL = (0, 1, 2}, REFON = 1
Ta = -40°C to 85°C 23 125
Settling time of AVce = AVee (min) - AVecmax, A
tseTTLE ®) REFVSEL = {0, 1, 2}, Ta=25°C 23 50 us
reference voltage REFON = 0 — 1
= T =85°C 16 25

(1) The leakage current is defined in the leakage current table with P6.x/Ax parameter.

(2) The internal reference current is supplied via terminal AVCC. Consumption is independent of the ADC100N control bit, unless a
conversion is active. The REFON bit enables to settle the built-in reference before starting an A/D conversion.

(3) Calculated using the box method: (MAX(-40 to 85°C) — MIN(-40 to 85°C)) / MIN(-40 to 85°C)/(85°C — (-40°C)).

(4) The sensor current Isensor IS consumed if (ADC100N = 1 and REFON = 1) or (ADC100N = 1 and INCH = 0Ah and sample signal is
high). When REFON = 1, Isgnsor is already included in Iggrs.

(5) The temperature sensor offset can be as much as £20°C. A single-point calibration is recommended in order to minimize the offset error
of the built-in temperature sensor.

(6) The typical equivalent impedance of the sensor is 51 kQ. The sample time required includes the sensor-on time tsgnsoron)-

(7) The on-time tymip(en) i included in the sampling time tymipsample); NO additional on time is needed.

(8) The condition is that the error in a conversion started after treroy IS less than +0.5 LSB.

64 Submit Documentation Feedback Copyright © 2010-2013, Texas Instruments Incorporated
Product Folder Links: MSP430F5172 MSP430F5152 MSP430F5132 MSP430F5171 MSP430F5151 MSP430F5131


http://www.ti.com/product/msp430f5172?qgpn=msp430f5172
http://www.ti.com/product/msp430f5152?qgpn=msp430f5152
http://www.ti.com/product/msp430f5132?qgpn=msp430f5132
http://www.ti.com/product/msp430f5171?qgpn=msp430f5171
http://www.ti.com/product/msp430f5151?qgpn=msp430f5151
http://www.ti.com/product/msp430f5131?qgpn=msp430f5131
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLAS619J&partnum=MSP430F5172
http://www.ti.com/product/msp430f5172?qgpn=msp430f5172
http://www.ti.com/product/msp430f5152?qgpn=msp430f5152
http://www.ti.com/product/msp430f5132?qgpn=msp430f5132
http://www.ti.com/product/msp430f5171?qgpn=msp430f5171
http://www.ti.com/product/msp430f5151?qgpn=msp430f5151
http://www.ti.com/product/msp430f5131?qgpn=msp430f5131

13 TEXAS
INSTRUMENTS

www.ti.com

MSP430F5172, MSP430F5152, MSP430F5132
MSP430F5171, MSP430F5151, MSP430F5131

SLAS619J ~AUGUST 2010—REVISED OCTOBER 2013

Comparator_B
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Vce MIN TYP MAX | UNIT
Ve Supply voltage 1.8 3.6 Y
1.8V 38
CBPWRMD = 00, CBON =1, CBRSx = 00 22V 31 38
Comparator operating
lavee co supply current into 3V 32 39 LA
AV MP
- Q}fg;gfgﬁs&tzr adder | CBPWRMD = 01, CBON = 1, CBRSX = 00 2'32\>/ ' 10 17
CBPWRMD =10, CBON =1, CBRSx = 00 2é2\>/, 0.2 0.85
CBREFLx = 01, CBREFACC =0 218V 1.5 +1.5%
VREF Reference voltage level | CBREFLx = 10, CBREFACC =0 222V 2.0 +1.5% \%
CBREFLx =11, CBREFACC =0 230V 2.5 +1.5%
Quiescent current of CBREFACC = 1, CBREFLx = 01, CBRSx = 10, 2.2 V, 10 17 IJA
| resistor ladder into REFON =0, CBON =0 3Vv
AVECREF  AVCC, Including REF | CBREFACC = 0, CBREFLx = 01, CBRSx = 10, | 2.2V, 3 ! ua
module current REFON =0, CBON = 0 3V H
Common mode input
Vic ange P 0 Veerl| V
v | t offset volt. CBPWRMD = 00 +20| mV
nput offset voltage
OFFSET P g CBPWRMD = 01, 10 +10| mvV
Cin Input capacitance 5 pF
o ) ON - switch closed 4| kQ
Rsin Series input resistance -
OFF - switch opened 50 MQ
CBPWRMD =00, CBF =0 450 ns
tep Zgggg:‘é'%ﬂqie'ay' CBPWRMD = 01, CBF =0 600 s
CBPWRMD =10, CBF =0 50 us
CBPWRMD =00, CBON =1, CBF =1,
CBFDLY = 00 035 06 15] s
CBPWRMD =00, CBON=1,CBF =1
’ ’ ! 0.6 1.0 1.8 S
o Propagation delay with | CBFDLY =01 "
P fiter filter active CBPWRMD = 00, CBON = 1, CBF = 1, 10 18 a4l us
CBFDLY = 10 : : Ak
CBPWRMD = 00, CBON =1, CBF =1,
CBEDLY = 11 1.8 3.4 65| ps
. CBON =0to CBON =1, CBPWRMD = 00, 01 1 us
teN cmP Comparator enable time
- CBON =0to CBON =1, CBPWRMD = 10 15 us
ten_REF Eﬁask')slgo{ir:fgerence CBON =0 to CBON = 1 1.0 15| ps
TC Temperature coefficient 50 ppm/
CBREF  reference of Vg rer °C
Reference voltage for a | VIN = reference into resistor ladder, VIN > VIN x VIN x
Vee_rer given tap n=0to 31 (n+0.5 (n+1) (1.5 v
/32 /32 /32
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Timer_D, Power Supply and Reference Clock Conditions

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)®

PARAMETER TEST CONDITIONS Vee MIN TYP MAX|UNIT
DVce Digital supply voltage |Vpyss) =0V 1.8 36| V
1.8V
PMMCOREVx =0 <Vce 8 12.0
<36V
20V
, _ PMMCOREVx = 1 <Vee 8 16.0
Timer_D input <36V
frer,pco  reference clock MHz
frequency 2.2V
PMMCOREVX = 2 <Vee 8 20.0
<36V
24V
PMMCOREVx = 3 <Vee 8 255
<36V
I(DVCC) at 64-MHz £ _ _ _
: eference = 8 MHz, MCx = 0, TDHREGEN = 1,
l(6amHz) ;'emnggt%rcgoncl;' clock | THHMx = 0, TDHCLKCR = 0 253 3201 WA
I(DVCC) at 128-MHz £ =1 _ _
i reference = 16 MHz, MCx = 0, TDHREGEN =1,
la28MHz) ;'emngat‘?)rcgoncl;’ clock | THHMx = 0, TDHCLKCR = 0 285 3601 uA
I(DVCC) at 200-MHz £ =2 _ _
: eference = 25 MHz, MCx = 0, TDHREGEN =1,
l(200MHz) ;'emngat‘?)rcgoncl;’ clock | THHMx = 0, TDHCLKCR = 1 280 345] pA
I(DVCC) at 256-MHz £ =1 _ _
: eference = 16 MHz, MCx = 0, TDHREGEN =1,
l(256MHz) ;'emngat‘?)rcgoncl;’ clock | THHMx = 1, TDHCLKCR = 1 265 3301 uA
| | TDHCLKR 0, TDHCLKSR 16, TDHCLKTRIM = 64 22V 244 A
X =0, X = s =
(01664 (OVCO) 30V 205 325| "
| | TDHCLKR 1, TDHCLKSR 16, TDHCLKTRIM = 64 22V 282 A
X =1, X = s =
(1.1664) - (OVCQ) 30V 300 400| "
| | TDHCLKR 2, TDHCLKSR 16, TDHCLKTRIM = 64 22V 358 A
X =2, X = s =
(21664) lovco) 3.0V 414 a70| "

(1) The leakage current is defined in the leakage current table with P6.x/Ax parameter.
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Timer_D, Local Clock Generator Frequency
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

TDHCLKRx = 1, TDHCLKSRx = 31, TDHCLKTRIM = 64

PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT
TDHREGEN = 0, TDHMx = 0, TDHCLKCR = 1,
f HROG | 0.0, 60 TDHCLKRX = 0, TDHCLKSRX = 0, TDHCLKTRIM = 64 39 56 73| MHz
reguenc , U,
HRCG(0.064) quency TDHREGEN = 0, TDHMx = 1, TDHCLKCR = 1, 8 112 146| MHz
TDHCLKRX = 0, TDHCLKSRX = 0, TDHCLKTRIM = 64
TDHREGEN = 0, TDHMx = 0, TDHCLKCR = 1,
f HROG | 0.7, 60 TDHCLKRX = 0, TDHCLKSRX = 7, TDHCLKTRIM = 64 46 66 86| MHz
reguenc , 0y
HRCG(0.7.64) quency TDHREGEN = 0, TDHMx = 1, TDHCLKCR = 1, 02 132 172| MHz
TDHCLKRX = 0, TDHCLKSRX = 7, TDHCLKTRIM = 64
TDHREGEN = 0, TDHMx = 0, TDHCLKCR = 1,
f HROG | 0,15, 64) TDHCLKRX = 0, TDHCLKSRX = 15, TDHCLKTRIM = 64 55 78 101) MHz
reguenc y y
HRCG(0.15.64) quency TDHREGEN = 0, TDHMx = 1, TDHCLKCR = 1, 110 156 202 MHz
TDHCLKRX = 0, TDHCLKSRX = 15, TDHCLKTRIM = 64
TDHREGEN = 0, TDHMx = 0, TDHCLKCR = 1,
f HROG | 0,23 64) TDHCLKRX = 0, TDHCLKSRX = 23, TDHCLKTRIM = 64 61 87 113 MHz
reguenc y y
HRCG(0.23.64) quency TDHREGEN = 0, TDHMx = 1, TDHCLKCR = 1, 192 174 298| MHz
TDHCLKRX = 0, TDHCLKSRX = 23, TDHCLKTRIM = 64
TDHREGEN = 0, TDHMx = 0, TDHCLKCR = 1,
f HROG | 0,310 TDHCLKRX = 0, TDHCLKSRX = 31, TDHCLKTRIM = 0 36 56 73| MHz
reguenc y y
HRCG(0.31,0) quency TDHREGEN = 0, TDHMXx = 1, TDHCLKCR = 1, 7> 112 146| MHz
TDHCLKRX = 0, TDHCLKSRX = 31, TDHCLKTRIM = 0
TDHREGEN = 0, TDHMx = 0, TDHCLKCR = 1,
f HROG | 0,31, 64) TDHCLKRX = 0, TDHCLKSRX = 31, TDHCLKTRIM = 64 68 98  128) MHz
reguenc y y
HRCG(0.31.64) quency TDHREGEN = 0, TDHMx = 1, TDHCLKCR = 1, 136 196 256| MHz
TDHCLKRX = 0, TDHCLKSRX = 31, TDHCLKTRIM = 64
TDHREGEN = 0, TDHMx = 0, TDHCLKCR = 1,
TDHCLKRX = 0, TDHCLKSRX = 31, 97 138  180| MHz
f HROG | 0,31, 128) TDHCLKTRIM = 128
requenc y y
HRCG(0.31.128) quency TDHREGEN = 0, TDHMx = 1, TDHCLKCR = 1,
TDHCLKRX = 0, TDHCLKSRX = 31, 196 176  360| MHz
TDHCLKTRIM = 128
TDHREGEN = 0, TDHMx = 0, TDHCLKCR = 0,
f HROG | w0, 60 TDHCLKRX = 1, TDHCLKSRX = 0, TDHCLKTRIM = 64 71101 131} MHz
reguenc , U,
HRCG(1.064) quency TDHREGEN = 0, TDHMXx = 1, TDHCLKCR = 0, 142 202 262 MHz
TDHCLKRXx = 1, TDHCLKSRX = 0, TDHCLKTRIM = 64
TDHREGEN = 0, TDHMx = 0, TDHCLKCR = 0,
f HROG | w7 60 TDHCLKRX = 1, TDHCLKSRX = 7, TDHCLKTRIM = 64 84 120 156 MHz
reguenc , 0y
HRCG(1.7.64) quency TDHREGEN = 0, TDHMXx = 1, TDHCLKCR = 0, 168 240 312 MHz
TDHCLKRXx = 1, TDHCLKSRX = 7, TDHCLKTRIM = 64
TDHREGEN = 0, TDHMx = 0, TDHCLKCR = 0,
f HROG | (@15, 64) TDHCLKRX = 1, TDHCLKSRX = 15, TDHCLKTRIM = 64 97 139 182 MHz
reguenc y y
HRCG(1.15.64) quency TDHREGEN = 0, TDHMXx = 1, TDHCLKCR = 0, 196 278 364 MHz
TDHCLKRXx = 1, TDHCLKSRX = 15, TDHCLKTRIM = 64
TDHREGEN = 0, TDHMx = 0, TDHCLKCR = 0,
f HROG | @23 64) TDHCLKRX = 1, TDHCLKSRX = 23, TDHCLKTRIM =64 | 108 154 200} MHz
reguenc y y
HRCG(1.23.64) quency TDHREGEN = 0, TDHMXx = 1, TDHCLKCR = 0, 216 308 400 MHz
TDHCLKRXx = 1, TDHCLKSRX = 23, TDHCLKTRIM = 64
TDHREGEN = 0, TDHMx = 0, TDHCLKCR = 0,
f HROG | @310 TDHCLKRX = 1, TDHCLKSRX = 31, TDHCLKTRIM = 0 68 97 126) MHz
reguenc y y
HRCG(1.31,0) quency TDHREGEN = 0, TDHMXx = 1, TDHCLKCR = 0, 136 104 252| MHz
TDHCLKRXx = 1, TDHCLKSRX = 31, TDHCLKTRIM = 0
TDHREGEN = 0, TDHMx = 0, TDHCLKCR = 0,
f HROG | @31 64) TDHCLKRX = 1, TDHCLKSRxX = 31, TDHCLKTRIM =64 | 123 175 227} MHz
HRCG(1,31,64) requency (1, o1, ~ ~ ~
TDHREGEN = 0, TDHMx = 1, TDHCLKCR = 0, 046 350  454| MHz
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Timer_D, Local Clock Generator Frequency (continued)
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
TDHREGEN = 0, TDHMx = 0, TDHCLKCR =0,
TDHCLKRx = 1, TDHCLKSRx = 31, 169 241 313 MHz
f HROG | (1, 31, 128 | TDHCLKTRIM = 128
requency (1, 31,
HRCG(1.31,128) auency TDHREGEN = 0, TDHMx = 1, TDHCLKCR = 0,
TDHCLKRx = 1, TDHCLKSRx = 31, 338 482 616 MHz
TDHCLKTRIM = 128
TDHREGEN = 0, TDHMx = 0, TDHCLKCR =1,
¢ HRCG f 2. 0, 64) TDHCLKRx = 2, TDHCLKSRx = 0, TDHCLKTRIM = 64 126 180 234 MHz
requency (2, 0,
HRCG(2.064) auency TDHREGEN = 0, TDHMx = 1, TDHCLKCR = 1, o5 360 468| MHz
TDHCLKRx = 1, TDHCLKSRx = 0, TDHCLKTRIM = 64
TDHREGEN = 0, TDHMx = 0, TDHCLKCR =1,
¢ HRCG f 2.7, 64) TDHCLKRx = 2, TDHCLKSRx = 7, TDHCLKTRIM = 64 138 208 270 MHz
requency (2, 7,
HRCG(2.7.64) auency TDHREGEN = 0, TDHMx = 1, TDHCLKCR = 1, 076 416 540 MHz
TDHCLKRx = 2, TDHCLKSRx = 7, TDHCLKTRIM = 6
TDHREGEN = 0, TDHMx = 0, TDHCLKCR =1,
¢ HRCG f (2. 15, 64) TDHCLKRx = 2, TDHCLKSRx = 15, TDHCLKTRIM = 64 168 240 312 MHz
requency (2, 15,
HRCG(2.15.64) auency TDHREGEN = 0, TDHMx = 1, TDHCLKCR = 1, 336 480 624| MHz
TDHCLKRx = 2, TDHCLKSRx = 15, TDHCLKTRIM = 64
TDHREGEN = 0, TDHMx = 0, TDHCLKCR =1,
¢ HRCG f (2. 23, 64) TDHCLKRx = 2, TDHCLKSRx = 23, TDHCLKTRIM = 64 189 270 351 MHz
requency (2, 23,
HRCG(2.23.64) auency TDHREGEN = 0, TDHMx = 1, TDHCLKCR = 1, a78 540 702| MHz
TDHCLKRx = 2, TDHCLKSRx = 23, TDHCLKTRIM = 64
TDHREGEN = 0, TDHMx = 0, TDHCLKCR =1,
¢ HRCG f 2. 31,0) TDHCLKRx = 2, TDHCLKSRx = 31, TDHCLKTRIM =0 119 170 221 MHz
requency (2, 31,
HRCG(2:31.0) auency TDHREGEN = 0, TDHMx = 1, TDHCLKCR = 1, 038 340 442 MHz
TDHCLKRx = 2, TDHCLKSRx = 31, TDHCLKTRIM =0
TDHREGEN = 0, TDHMx = 0, TDHCLKCR =1,
¢ HRCG f (2. 31, 64) TDHCLKRx = 2, DHCLKSRx = 31, TDHCLKTRIM = 64 212 303 394 MHz
requency (2, 31,
HRCG(2.31.64) auency TDHREGEN = 0, TDHMx = 1, TDHCLKCR = 1, w4 605 788| Mz
TDHCLKRx = 2, DHCLKSRx = 31, TDHCLKTRIM = 64
TDHREGEN = 0, TDHMx = 0, TDHCLKCR =1,
TDHCLKRx = 2, TDHCLKSRx = 31, 290 413 537 MHz
f HROG | (2. 31, 128 | TDHCLKTRIM = 128
requency (2, 31,
HRCG(2,31,128) auency TDHREGEN = 0, TDHMx = 1, TDHCLKCR = 1,
TDHCLKRx = 2, TDHCLKSRx = 31, 580 826 1074 MHz
TDHCLKTRIM = 128
TDHCLKSRX step size in
SHRCG,0,SR range 0 P SHrcesR = fHrcasRHRCGSR+1) = THRCG(HRCGSR) 120 185 225| kHz
TDHCLKSRX step size in
SHRCG,LSR range 1 P SHreesR = fHrRcasRHRCGSR+1) - THRCG(HRCGSR) 220 325  395| kHz
TDHCLKSRX step size in
SHRCG,2,5R range 2 P SHReGsR = fHrRcasRHRCGSR+1) - fHRCG(HRCGSR) 400 555 700| kHz
0>= TDHCLKTRlMX < 16, 55 85 120 KHz
step size in range 0
15 < TDHCLKTRIMx < 49, SHRCGSR = fHRCGSRHRCGTRIM+1) = THRCG(HRCGTRIM):
SHRCG.0,TRIM step size in range 1 TDHCLKSRx = X, Y, Z 40 85 130|  kHz
48 < TDHCLKTRlMX < 64, 40 85 120 kHz
step size in range 2
0> = TDHCLKTRIMx < 16,
step size in range 0 90 160 230| kHz
15 < TDHCLKTRIMx < 49, SHreesR = fHrRCGSRHRCGTRIM+1) = THRCG(HRCGTRIMY
SHRCG L TRIM step size in range 1 TDHCLKSRx = X, Y, Z 80 160 230 | kHz
48 < TDHCLKTRIMX < 64,
step size in range 2 80 160 230 kHz
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Timer_D, Local Clock Generator Frequency (continued)

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT

0 > = TDHCLKTRIMx < 16,
step size in range 0

150 230 360 | kHz

15 < TDHCLKTRIMXx < 49, SHRCGSR = FHRCGSRHRCGTRIM+1) ~ THRCG(HRCGTRIMY:
SHRCG2TRM | gtep size in range 1 TDHCLKSRx = X, Y, Z 130 230 350\ kHz

48 < TDHCLKTRIMx < 32,
step size in range 2

100 230 340| kHz

furcs = 8 MHz, TDHREGEN = 0 +0.17| %/°C
- HRCG frequency furcs = 16 MHz, TDHREGEN = 0 +0.16 | %/°C
HRCG temperature drift furcs = 25 MHz, TDHREGEN =0 +0.16| %/°C
furcs = 8, 16, or 25 MHz, TDHREGEN = 1 0 %/°C
furcc = 8, 16, or 25 MHz, TDHREGEN = 0 0 5 %V
divres/dVove LR frequency voltage drift "
c furcs = 8, 16, or 25 MHz, TDHREGEN = 1 0 %IV
t Settling time TDHEN = 0 -> 1, TDHFW = 0 3 5 9| s
SETTLE Settling time, fast wake up | TDHEN = 0 -> 1, TDHFW = 1 15| ps

Timer_D, Trimmed Clock Frequencies
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP  MAX| UNIT
Frequency tolerance during trimming -0.5 +0.5 %
sy Torm O THRECEN 0 TorCLIcR 0 Py 6 o) e

Timer_D, Frequency Multiplication Mode
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER CONDRIONS MIN  TYP MAX| UNIT

External frequency tolerance 0 %

E freference = 8 MHz, TDHMx = 0, TDHREGEN = 1, Ta=25°C, 1 1 %
(TDHREGEN = 1,64) TDHCLKCR = 0, TDHCLKRx = 0 Vec =18V

£ freference = 16 MHz, TDHMx = 0, TDHREGEN = 1, Ta = 25°C, 1 w1l %
(TDHREGEN = 1,128) TDHCLKCR = 1, TDHCLKRx = 0 Vec =20V

E freference = 25 MHz, TDHMx = 0, TDHREGEN = 1, Ta = 25°C, 1 1 %
(TDHREGEN = 1,200) TDHCLKCR =1, TDHCLKRx = 0 Vec =24V

£ freference = 16 MHz, TDHMx = 1, TDHREGEN = 1, Ta = 25°C, 1 w1l %
(TDHREGEN = 1,256) TDHCLKCR = 1, TDHCLKRx = 0 Vec =22V

Copyright © 2010-2013, Texas Instruments Incorporated Submit Documentation Feedback 69

Product Folder Links: MSP430F5172 MSP430F5152 MSP430F5132 MSP430F5171 MSP430F5151 MSP430F5131


http://www.ti.com/product/msp430f5172?qgpn=msp430f5172
http://www.ti.com/product/msp430f5152?qgpn=msp430f5152
http://www.ti.com/product/msp430f5132?qgpn=msp430f5132
http://www.ti.com/product/msp430f5171?qgpn=msp430f5171
http://www.ti.com/product/msp430f5151?qgpn=msp430f5151
http://www.ti.com/product/msp430f5131?qgpn=msp430f5131
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLAS619J&partnum=MSP430F5172
http://www.ti.com/product/msp430f5172?qgpn=msp430f5172
http://www.ti.com/product/msp430f5152?qgpn=msp430f5152
http://www.ti.com/product/msp430f5132?qgpn=msp430f5132
http://www.ti.com/product/msp430f5171?qgpn=msp430f5171
http://www.ti.com/product/msp430f5151?qgpn=msp430f5151
http://www.ti.com/product/msp430f5131?qgpn=msp430f5131

MSP430F5172, MSP430F5152, MSP430F5132
MSP430F5171, MSP430F5151, MSP430F5131

SLAS619J —AUGUST 2010—REVISED OCTOBER 2013

13 TEXAS
INSTRUMENTS

www.ti.com

Timer_D, Input Capture and Output Compare Timing

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS TYP  MAX| UNIT
Timer_D input capture timing, minimum pulse duration to _
t7Dcap trigger input capture event fuax = 262 MHz 4 ns
TimerO_D input capture timing, matching between input _
. capture channels P1.6 to P1.7 and P2.0 fnax = 262 MHz 1 2| LsB
TDO0.cap matching Timer0_D input capture timing, matching between input f = 262 MHz 3 4| LsB
capture channels. P2.4 to P2.5 and P2.6 MAX =
Timerl_D input capture timing, matching between input _
. capture channels P2.1 to P2.2 and P2.3 fnax = 262 MHz 2 3| LSB
TD1Lcap matching Timerl_D input capture timing, matching between input f = 262 MHz P 4| LsB
capture channels. P2.7 to P3.0 and P3.1 MAX =
TimerO_D and Timer1_D input capture timing, matching
tTD01,cap,matching between input capture channels. Timer0_D is the high- fmax = 262 MHz 4 8| LSB
resolution clock generator source.
Rising edges,
fMAX =262 MHz 4 ns
Timer0O_D output compare timing, matching between Falling edges
t1D0,comp,matching output capture compare channels for pins P1.6, P1.7, and fuuax =92629 MHZ 4| ns
P2.0
Rising and falling edges, 8l ns
fMAX =262 MHz
Rising edges,
fuax = 262 MHz 4] ns
Timerl_D output compare timing, matching between Falling edaes
tTD1,comp,matching output capture compare channels for pins P2.1, P2.2, and fuuax 32629 MHZ 4| ns
P2.3
Rising and falling edges, 8l ns
fMAX =262 MHz
TimerO_D and Timerl_D output compare timing, matching All edaes
tTDo1,comp,matching  DEtween output compare channels. Timer0_D is the high- £ =926’2 MHz 8| LSB
resolution clock generator source. MAX
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Flash Memory

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

FCTL4.MGR1 = 1)

PARAMETER coNDIloNs | MIN - TYP MAX| UNIT
DVccpemierasey Program and erase supply voltage 1.8 3.6 \%
lpcm Supply current from DVCC during program 3 5/ mA
lERASE Supply current from DVCC during erase 6.5| mA
IMerAsE: IBANK Supply current from DVCC during mass erase or bank erase 6.5| mA
tepr Cumulative program time See M 16| ms
Program and erase endurance 104 10° cycles
tRetention Data retention duration T;=25°C 100 years
tword Word or byte program time See @ 64 85| us
tBlock, 0 Block program time for first byte or word See @ 49 65| ps
teock, 1-(N-1) E)I/?glzprvegrrsm time for each additional byte or word, except for last See @ 37 49| s
tBlock, N Block program time for last byte or word See @ 55 73| us
tmass Erase Mass erase time See @ 23 32| ms
tSeq Erase Segment erase time See @ 23 32| ms
FCLK MGR MCLK frequency in marginal read mode (FCLK4.MGRO = 1 or 0 1] Mz

(1) The cumulative program time must not be exceeded when writing to a 128-byte flash block. This parameter applies to all programming
methods: individual word or byte write and block write modes.
(2) These values are hardwired into the flash controller's state machine.

JTAG and Spy-Bi-Wire Interface

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER Vee MIN  TYP MAX| UNIT
fspw Spy-Bi-Wire input frequency 22V,3V 0 20| MHz
tsew,Low Spy-Bi-Wire low clock pulse duration 22V,3V 0.025 15| us
tsew, En Spy-Bi-Wire enable time (TEST high to acceptance of first clock edge)(l) 22V,3V 1| ps
tsBw,Rst Spy-Bi-Wire return to normal operation time 15 100| ps
frex TCK input frequency, 4-wire JTAG® 22V 5] MHz

’ 3V 10| MHz
Rinternal Internal pulldown resistance on TEST 22V,3V 45 60 80| kQ

(1) Tools that access the Spy-Bi-Wire interface must wait for the minimum tggw g, time after pulling the TEST/SBWTCK pin high before
applying the first SBWTCK clock edge.
(2) frck may be restricted to meet the timing requirements of the module selected.
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INPUT/OUTPUT SCHEMATICS

Port P1, P1.0 to P1.5, Input/Output With Schmitt Trigger

To ADC10

INCHx = x

To Comparator_B
From Comparator_B

CBPD.y

P1REN.x

P1MAP.x = PMAP_ANALOG

P1DIR.x
From Port Mapping

P10UT.x

From Port Mapping

P1SEL.x

P1IN.x

To Port Mapping

P1IRQ.x

l Pad Logic l
. ) |
— |
| DV, 0 |
O_
| DV, — 1 1 [
. - |"—C! Y] |
Direction
] 1 0: Input l l
,r 1: Output
N ! !
el | l
i o<
—11
| PIDSx B — | P1.0/PM_UCAOCLK/PM_UCBOSTE/A0/CBO
0 Low dri | P1.1/PM_UCAOTXD/PM_UCAOSIMO/A1/CB1
| 1 H‘I"’:‘ d'r'i‘(fe P1.2/PM_UCAORXD/PM_UCA0SOMI/A2/CB2
| +Hig | P1.3PM_UCBOCLK/PM_UCAOSTE/A3/CB3
< ° 7 P1.4/PM_UCBOSIMO/PM_UCBOSDA/A4/CB4
| 1 | P1.5/PM_UCBOSOMIPM_UCBOSCLI/AS/CB5
EN Bus l
l Holder
D e _ i
P1IEx
EN |

;

P1IFG.x Set

P1SELx m—]
Edge

P1IESx m— Select

Interrupt J
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Table 46. Port P1 (P1.0 to P1.5) Pin Functions

CONTROL BITS/SIGNALS®
PIN NAME (P1.x) FUNCTION
P1DIR.x P1SEL.x P1MAP.x CBPD.y
P1.0/ P1.x (1/O) 1:0;0:1 0 X 0
PM_UCAOCLK/ @ ®
PM_UCBOSTE/ UCAOCLK/UCBOSTE 0 1 default 0
A0/ @) 31
AO X L INCHx = 0 X
CBO CBO X X 1(y=0)
P1.1/ P1.x (I/O) 110,01 0 X 0
PM_UCAOTXD/ @
PM_UCAOSIMO/ PM_UCAOTXD/PM_UCA0SIMO 0 1 default 0
A1/ (4 31
Al X 1 INCHx =1 X
CB1 CB1 X X 1(y=1)
P1.2/ P1.x (I/O) 110,01 0 X 0
PM_UCAORXD/ @
PM_UCAO0SOMI/ PM_UCAORXD/PM_UCAOQOSOMI 0 1 default 0
A2/ (4 31
A2 X L INCHx = 2 X
CB2 CB2 X X 1(y=2)
P1.3/ P1.x (I/O) 10O 1 0 X 0
PM_UCBOCLK/ @
PM_UCAOSTE/ UCBOCLK/UCAOSTE 0 1 default 0
A3/ @ 31
A3 X L INCHx = 3 X
CB3 CB3 X X 1(y=3)
P1.4/ P1.x (I/O) 10O 1 0 X 0
PM_UCBOSIMO/ @ )
PM _UGBOSDA/ PM_UCBOSIMO/PM_UCBOSDA 0 1 default 0
A4/ (4 31
A4 X 1 INCHx = 4 X
CB4 CB4 X X 1(y=4)
P15/ P1.x (I/O) 10O 1 0 X 0
PM_UCBOSOMI/ @ 6
PM_UCBOSCL/ PM_UCBOSOMI/PM_UCBO0SCL 0 1 default 0
A5/ A5 31
X 1 INCHx =5 X
CB5 CB5 X X X 1(y=5)

(1) X =Don'tcare

(2) The pin direction is controlled by the USCI module.

(3) UCAOCLK function takes precedence over UCBOSTE function. If the pin is required as UCAOCLK input or output, USCI BO is forced to
3-wire SPI mode if 4-wire SPI mode is selected.

(4) MSP430F51x2 device only.

(5) If the 12C functionality is selected, the output drives only the logical 0 to Vgg level.
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Port P1, P1.6 to P1.7, Input/Output With Schmitt Trigger

r |
| Pad Logic
PIREN.x ® ) |
|
|/ ' |
' |
l DV,, 0 |
' o |
~ | DV, — 1 1 |
PIDIRx =—| 0 e | |
Direction 1
From Port Mapping =—| , 0: Input v g |
/r 1: Output | |
|
i |
P10UT.x -—l—\(J)\ : N |
From Port Mapping — 1 | |
T | s x| R
P1SEL.x ® | 0: Low drive |
| 1: High drive |
P1IN.X < o | @— |
' |
' |
To Port Mapping 4 D L ] | |
e 4
P1IE.x
——a EN U
P1IRQ.x
oy |
P1IFG.x Set
P1SEL.x m——] Interrupt
Edge
P1IES.x m— Select —
Table 47. Port P1 (P1.6 and P1.7) Pin Functions
CONTROL BITS/SIGNALS®
PIN NAME (P1.x) | x FUNCTION
P1DIR.x P1SEL.x P1MAP.x
P1.6/ 6 |P1x (/O) 1:0;0:1 0 X
PM_TDO0.0 TDO.CCIOA 0 1 default
TDO.TAO 1 1 default
P1.7/ 7 |P1x (/O) 1:0;0:1 0 X
PM_TDO.1 TDO.CCI1A 0 1 default
TDO.TA1 1 1 default
(1) X =Don'tcare
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Port P2, P2.0 to P2.7, Input/Output With Schmitt Trigger

r—__—___—P_dL_.—I
P2REN.x B ™\ | ad bogle |
I DV 0 I
| o
DV,, 1 1 I
P2DIR.x I—} . . l I
Direction 1
From Port Mapping B—{ , 0: Input I § l
,r 1: Output | l
P20UT.x I-l—\()k l l
v l :
From Port Mapping — 1 l I
B P2.0/PM_TDO_2
P2SEL.x | :.2 Efx‘dr;; P2.1/PM_TD1_0
¢ Low driy P2.2/PM_TD1_1
[ 1: High drive P2.3/PM_TD1_2
P [l P2.4/PM_TECOCLR/PM_TECOFLT2/PM_TDO0_0
P2IN.x «¢ /7| _ _ _ _
) P2.5/PM_TECOFLT0/PM_TDO0_1
EN I P2.6/PM_TECOFLT1/PM_TDO0_2
| P2.7/PM_TEC1CLR/PM_TECAFLT1/PM_TD1_0
To Port Mapping D l
S S
P2IE.x
EN U
P2IRQ.x
Q
P2IFG.x Set 4—4|
P2SEL.x m— Interrupt
Edge
P2IES.x m— Select |—
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Table 48. Port P2 (P2.0 to P2.7) Pin Functions

CONTROL BITS/SIGNALS

PIN NAME (P2.x) FUNCTION
P2DIR.x P2SEL.x P2MAP.x
pP2.0/ P2.x (1/0) 1:0;0:1 0 X
PM_TDO0.2 TDO.CCI2A 0 1 default
TDO.TA2 1 1 default
pP2.1/ P2.x (1/0O) :0;0:1 0 X
PM_TD1.0 TD1.CCIOA 1 default
TD1.TAO 1 default
pP2.2/ P2.x (1/0O) :0;0:1 0 X
PM_TD1.1 TD1.CCI1A 0 1 default
TD1.TAl 1 default
P2.3/ P2.x (1/O) :0;0:1 0 0
PM_TD1.2 TD1.CCI2A 0 1 default
TD1.TA2 1 default
pP2.4/ P2.x (1/0O) 1:0;0:1 0 X
PM_TECOCLR/ TDO.TECEXTCLR, controlled by enable signals in the TECO module 0 1 default
PM_TECOFLT2/ TDO.TECXFLT2, controlled by enable signals in the TECO module 1 default
PM_TDO0.0 TDO.TAO 1 default
pP2.5/ P2.x (1/0) :0;0:1 0 X
PM_TECOFLTO/ TDO.TECXFLTO, controlled by enable signals in the TECO module 0 1 default
PM_TDO.1 TDO.TAl 1 default
P2.6/ P2.x (1/0O) 1:0;0:1 0 X
PM_TECOFLT1/ TDO.TECXFLT1, controlled by enable signals in the TECO module 0 1 default
PM_TDO0.2 TDO.TA2 1 default
pP2.7/ P2.x (1/0O) 1:0;0:1 0 X
PM_TEC1CLR/ TD1.TECEXTCLR, controlled by enable signals in the TEC1 module 0 1 default
PM_TEC1FLT1/ TD1.TECXFLT1, controlled by enable signals in the TEC1 module 1 default
PM_TD1.0 TD1.TAO 1 default
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Port P3, P3.0 and P3.1, Input/Output With Schmitt Trigger

P3REN.x

P3DIR.x
From Port Mapping

P30UT.x

From Port Mapping

P3SEL.x

P3IN.x

To Port Mapping

I
[ Pad Logic |
) |
1) | :
| DV,, —{ 0 |
' o |
| DV, — 1 1 |
- |
Direction 1 |
=1 0: Input H |
/r 1: Output | |
|
N i '
0 I I
— 1 | II —
/f I P3DSx ® —- |
L | 0: Low drive |
| 1: High drive |
« | 1
I I
I I
D I
< L 2

Table 49. Port P3 (P3.0 and P3.1) Pin Functions

P3.0/PM_TEC1FLT2/PM_TD1_1
P3.1/PM_TEC1FLTO/PM_TD1_2

PIN NAME (P3.x) | x FUNCTION CONTROL BITS/SIGNALS
P3DIR.x P3SEL.x P3MAP.x

P3.0/ 0 |P3.x (I/0) 1:0;0: 1 0 X
PM_TEC1FLT2/ TD1.TECXFLTZ2, controlled by enable signals in the TEC1 module 0 1 default
PM_TD1.1 TD1.TA1l 1 1 default
P3.1/ 1 | P3.x (I/0) 1:0;0:1 0 X
PM_TEC1FLTO/ TD1.TECXFLTO, controlled by enable signals in the TEC1 module 0 1 default
PM_TD1.2 TD1.TA2 1 1 default
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Port P3, P3.2 and P3.3, Input/Output With Schmitt Trigger

To Comparator_B

From Comparator_B

P3REN.x W

P3DIR.x B—] 0
From Port Mapping B—

P30UT.x I-l—

From Port Mapping — 1

___________ a

Pad Logic l

I

* |

—————————— -

|

) |

'?j i
P3MAP.x = PMAP_ANALOG

pv.. —{ 0 |

DV 1 l

Direction ’_CDi l

1 0: Input I

’r 1: Output I

B |

]

P3DS.x B — l

P3SEL.x 0: Low drive I

1: High drive l

< | |

- l

To Port Mapping ‘n l

——————————— —

Table 50. Port P3 (P3.2 and P3.3) Pin Functions

<

P3.2/PM_TDO_0/PM_SMCLK/CB14
P3.3/PM_TAOCLK/PM_CBOUT/CB13

CONTROL BITS/SIGNALS®
PIN NAME (P3.x) FUNCTION
P3DIR.Xx P3SEL.x P3MAP.x CBPD.y
P3.2/ P3.x (1/0) :0;0:1 0 X 0
PM_TDO0.0/ TDO.CCIOA 0 1 default 0
PM_SMCLK/ SMCLK output 1 1 default 0
CB14 CB14 X X X 1(y = 14)
P3.3/ P3.x (1/0) :0;0:1 0 X 0
PM_TAOCLK/ TAO.TAOCLK 0 1 default 0
PM_CBOUT/ CBOUT 1 1 default 0
CB13 CB13 X X X 1(y = 13)
(1) X =Don' care
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Port P3, P3.4, Input/Output With Schmitt Trigger

___________ a
: Pad Logic |
To DCO | M |
| J
cBPDym—— ) DHe—  F T T T T T T T T7= |

|
P3REN.x W ) | |
P3MAP.x = PMAP_ANALOG | I
I v, {0 o |
| DV, — 1 1 |
P3DIRx m—] 0 o |"—C! ) |

Direction

From Port Mapping B—] 1 0: Input l l
4/ 1: Output | l

L)
P30UT.x I—l—\(J)\ | !
From Port Mapping —] 1 : i

P3DS. —

P3SEL.x -L I 0: Low drive |
1: High drive l
P3IN.x <« : T /7| l
- | Hovder I
To Port Mapping | <l D| | l
——————————— —

Table 51. Port P3 (P3.4) Pin Functions

(S

P3.4/PM_TDOCLK/PM_MCLK

CONTROL BITS/SIGNALS®

PIN NAME (P3.x) X FUNCTION
P3DIR.Xx P3SEL.x P3MAP.x
P3.4/ 4 | P3.x (1/0) :0;0:1 0 X
PM_TDOCLK/ TDO clock input 0 1 default
PM_MCLK MCLK output 1 1 default

(1) X =Don't care
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Port P3, P3.5, Input/Output With Schmitt Trigger

| Pad Logic |
To ADC10 reference V. i i
| |
I I
To ADC10 ; I
| |
INCHx = x i |
b J
| |
To Comparator_B : DTQ—:—«
From Comparator_B ® : :
CBPD.y = no T ':
P3REN.x = \' : :
P3MAP.x = PMAP_ANALOG =—— I I
I DV, — 0 I
| O |
| DV, —| 1 1 |
P3DIR.x =— 0 | —( \ |
Direction /
From Port Mapping =—] 1 0: Input | |
/r 1: Output I I
\k | |
P30UT.x -L 0 | |
From Port Mapping — 1 ' l/( '
| | P3.5/PM_TAO0_2/A8/V,./CB12
| P3DSx = —/ |
P3SEL.x | 0: Low drive |
| 1: High drive |
P3IN.x < i ? /7 |
I Bus I
| Holder |
To Port Mapping < b I |
— a
Table 52. Port P3 (P3.5) Pin Functions
CONTROL BITS/SIGNALS®
PIN NAME (P3.x) | x FUNCTION
P3DIR.x P3SEL.x P3MAP.x CBPD.y
P3.5/ 5 | P3.x (/O) 1:0;0: 1 0 X 0
PM_TAO0.2/ TAO.CCI2A 0 1 default 0
TAO.TA2 1 1 default 0
VEREF+/ VEREF+® X 1 31 X
A8/ A8® X 1 INCHx=8 X
CB12 CB12 X X X 1(y=12)
(1) X =Don't care
(2) MSP430F51x2 devices only.
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Port P3, P3.6, Input/Output With Schmitt Trigger

————— e e -
| Pad Logic |
To ADC10 reference V. i }
I I
I I
To ADC10 i >
I I
INCHx = x i |
e J
I I
To Comparator_B : DTQ—{—«
From Comparator_B * : :
(11, RV — R PR mh ':
I
P3REN.x ® '\ : :
P3MAP.x = PMAP_ANALOG B—F———] I I
| DV, —{ 0 |
I © I
| DV, —| 1 1 |
P3DIR.x =— 0 —( \ |
Direction | /
From Port Mapping =— 4 0: Input | |
/r 1: Output I |
| |
P30UT.x -L\ok | | —
4 'l
From Port Mapping — 1 : l/( i
: | PIDSx m- — | P3-6/PM_TAQ_1/A7NV,/CB11
P3SEL.x | 0: Low drive |
| 1: High drive |
P3IN.x < I ? v |
I Bus I
| Holder |
To Port Mapping < D | |
e e e e — — — — —— ———— |
Table 53. Port P3 (P3.6) Pin Functions
CONTROL BITS/SIGNALS®
PIN NAME (P3.x) | x FUNCTION
P3DIR.x P3SEL.x P3MAP.x CBPD.y
P3.6/ 6 | P3.x (110)@ 110;0: 1 0 X 0
PM_TAO0.1/ TAO0.CCRO 0 1 default 0
TAO.TA1l 1 1 default 0
VEREF-/ VEREF-® X 1 31 X
A7/ ®3) 31
AT % ! INCHx = 7 %
CB11 CB11 X X 0 1(y=11)
(1) X =Don't care
(2) Default condition.
(3) MSP430F51x2 devices only.
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Port P3, P3.7, Input/Output With Schmitt Trigger

| Pad Logic |
To ADC10 } }
| |
INCHx = x i |
L Jd
I Pad Logic I
To Comparator_B : DTQ—:—«
From Comparator_B * : :
cBPDys—— ) e  PTTTTTTT T T T T T 1
I I
Pad Logic
P3REN.x = '\ : :
P3MAP.x = PMAP_ANALOG =——— : :
DV, 0
! ) o |
| DV, 1 1 |
= —( \
P3DIR-x 0 Direction [ } |
From Port Mapping =— 0: Tnput | |
/H 1: Output | |
| I
P30UT.x 0 I I
f ———< O
From Port Mapping — 1 I |
I P3DSx ® —/ | P3.7/PM_TA0_0/A6/CB10
P3SEL.x = L | 0: Low drive |
| 1: High drive |
P3IN.x <« i ? /s |
I Bus I
| Holder I
To Port Mapping < D [ |
—— e —— -

Table 54. Port P3 (P3.7) Pin Functions

CONTROL BITS/SIGNALS®
PIN NAME (P3.x) X FUNCTION
P3DIR.x P3SEL.2 P3MAP.x CBPD.y
P3.7/ 7 |P3.x (110)® 110;0: 1 0 X 0
PM_TAO0.0/ TAO.CCRO 0 1 default 0
TAO.TAO 1 1 default 0
A6/ @ 31
A % ! INCHx = 6 %
CB10 CB10 X X 0 1 (y =10)
(1) X =Don't care
(2) MSP430F51x2 devices only.
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Port J, J.0 JTAG pin TDO, Input/Output With Schmitt Trigger or Output

To Comparator_B

From Comparator_B +
. poT T T T T I
CBPD.x L

PJREN.x

X

U

DV, —{ 0
DV, —{ 1 1

D

PJDIR.x =—]

DVCC —

PJOUT.x l—i— 00
From JTAG 01
SMCLK { 10
1"

PJSEL.x AT
From JTAG = ®

PJIN.x

—

PJDS.0 = — PJ.0/SMCLK/TDO/CB6

0: Low drive
1: High drive

r e
Bus
Holder
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Port J, J.1to J.3 JTAG pins TMS, TCK, TDI/TCLK, Input/Output With Schmitt Trigger or Output

———— e —— — — —— — ——————
| Pad Logic
To Comparator_B }
I
From Comparator_B * i
L
CBPD.x
PJREN.x = }
—( J

PJDIR.x I—ﬁ

I
|
|
|
I
I
I
|
[ 26 \
T |
DVSS — ;H J_/ i J
|
\H | )
PJOUT.x 00 | C>
From JTAG 01 : l’( PJ.1/MCLK/TDITCLK/CB7
PJDS. [ PJ.2/ADC10CLK/TMSCBS8
MCLK/ADC10CLK/ACLK 10 I 0 Lov;(drive PJ.3JACLK/TCKICB9
%1 | 1: High drive
PJSEL.x rt |
From JTAG = I
I
PJIN.x <« l T /7
|
| Bus
| Holder
To JTAG < D I
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Table 55. Port PJ (PJ.0 to PJ.3) Pin Functions

CONTROL BITS/ SIGNALS®

PIN NAME (PJ.x) FUNCTION P IDIR X PISEL x I\JAI)/Bel;z CBPDY
PJ.O/ PJ.x (110)@ 1:0;0:1 0 0 0
SMCLK/ SMCLK 1 1 0
TDO/ TDO® X X 1 X
CB6 CB6 X X 0 1(y=6)
PJ.1/ PJ.x (10)@ 1:0;0:1 0 0

MCLK/ MCLK 1 1 0 0
TDI/TCLK/ TDITCLK® @) X X 1
CcB7 CB7 0 X 0 1y=7)
PJ.2/ PJ.x (10)@ 1:0;0:1 0 0
ADC10CLK/ ADC10CLK (See ©®)) 1 1 0
T™S/ TMS®) *) X X 1
CB8 CB8 X X 0 1(y=8)
PJ.3/ PJ.x (10)@ 1:0;0:1 0 0 0
ACLK/ ACLK 1 1 0
TCK/ TCK® @) X X 1 X
CB9 CB9 X X 0 1(y=9)

(1) X =Don't care

(2) Default condition

(3) The pin direction is controlled by the JTAG module.

(4) In JTAG mode, pullups are activated automatically on TMS, TCK, and TDI/TCLK. PJREN.x are do not care.

(5) MSP430F51x2 device only.
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Port PJ.4, Input/Output With Schmitt Trigger

_______________ -
| Pad Logic |
I
From XT1 | :
| |
| 1
r !
PJREN.4 » ) |
) I
! |
| DV,,—{ 0 I
| O |
\ | DV, 1 1 I
PJDIR.4 0 ! |
1 ! ) |
i ? R |
Sy | |
PJOUT.4 -—l— 0 I I
Dvss — 1 | |
PISELS — /f I PJDSx m— | PJ-4ixouT
® 1 0: Low drive |
XT1BYPASS —C_J | 1: High drive |
<l I
PJIN.4 < a |
| i |
| Bus
| Keeper |
Module X IN < D I :
R, a
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Port PJ.5, Input/Output With Schmitt Trigger

_______________ -
| Pad Logic |
|

To XT1 I :

: |

[~ ———————————— 4

|

PJREN.5 ® ! —\ |

———— !

|

: DV,.—{ 0 |

I DV, —{ 1 1 :

PJDIR.5 o\ | |

1, i ) !

7 ? e !

N i !

PJOUT.5 0 I |

Module X OUT — 1 | |
/l/ ! PJDS.0 W — | PJSIXIN

PJSEL.5 = ® | 0: Low drive I

| 1: High drive l

PJIN.5 < ! i I

| ! |

| Bus

| Keeper l

Module X IN P | :

e -

Table 56. Port PJ (PJ.4 and PJ.5) Pin Functions

CONTROL BITS/SIGNALS®
PIN NAME (PJ.x) | x FUNCTION
(PIx) PIDIRX | PJSEL4 | PJSELS5 XTlBSYPAS
PJ.4/ 4 0 X
PJ.x (I/0) 1:0;0:1 X
1 1
XOuT XOUT crystal mode® X X 1 0
PJ.5/ 5 [PJI.x (1/10)® 1:0;0:1 X 0 X
XIN XIN crystal mode ) X X 1 0
XIN bypass mode® X X 1 1

(1) X =Don't care

(2) Setting PJSEL.5 causes the general-purpose I/O to be disabled in crystal mode. When using bypass mode, PJ.4 can be used as
general-purpose /0.

(3) Setting PJSEL.5 causes the general-purpose I/O to be disabled in crystal mode. When using bypass mode, PJ.4 can be used as
general-purpose /0.

(4) Setting PJSEL.5 causes the general-purpose I/O to be disabled. Pending the setting of XT1BYPASS, PJ.5 is configured for crystal mode
or bypass mode.
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Port PJ.6, Input/Output With Schmitt Trigger

To Comparator_B

T

From Comparator_B L
CBPD..x | I
PJREN.x = )} ! I
B I I
—d J
| [
: DV, — 0 I
\ I DV, 1 1 :
PJDIRx =—] 0 o 19 N |
Direction . /
From Module =— , 0: Tnput I |
/r 1: Output | |
Il
RN ' |
PJOUT.x 0 ! I
Il
L) < >
From Module — 1 | l/( :
/f I PJDSx ® — | PJ-6/TDICLKITDO_1/CB15
PJSEL.x® ® | 0: Low drive I
| 1: High drive |
PJIN.x < } ? 7 |
I Bus I
I Holder |
To Port Mapping Q D I [
S |
Table 57. Port PJ (PJ.6) Pin Functions
CONTROL BITS/SIGNALS®W
PIN NAME (PJ.x) | x FUNCTION
PJDIR.x PJSEL .x CBPD.y
PJ.6/ 6 | PJ.x (/O) 1:0;0:1 0 0
TD1CLK/ TD1 clock input 0 1 0
TDO.1/ TDO.TAl 1 1 0
CB15 CB15 X X 1(y=15)
(1) X =Don't care
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DEVICE DESCRIPTORS

Table 58 list the complete contents of the device descriptor tag-length-value (TLV) structure for each device type.

Table 58. 'F51x2 Device Descriptor Table®

, 'F;ééz 'F5172 'F5152 'F5152 'F5132 'F5132
Description Address bsyltZ:s YEE DA RSB DA RSB DA
Value Value Value Value Value Value
Info Block Info length 0x1A00 1 0x06 0x06 0x06 0x06 0x06 0x06
CRC length 0x1A01 1 0x06 0x06 0x06 0x06 0x06 0x06
CRC value 0x1A02 2 per unit per unit per unit per unit per unit per unit
Device ID 0x1A04 1 0x30 0x30 0x2C 0x2C 0x28 0x28
Device ID 0x1A05 1 0x80 0x80 0x80 0x80 0x80 0x80
Hardware revision 0x1A06 1 0x30 030 0x30 0x30 0x30 0x30
Firmware revision 0x1A07 1 0x10 0x10 0x10 0x10 0x10 0x10
Die Record Die Record Tag 0x1A08 1 0x08 08 0x08 08 0x08 08
Die Record length 0x1A09 1 Ox0A 0A Ox0A 0A Ox0A 0A
Lot/Wafer ID O0x1A0A 4 per unit per unit per unit per unit per unit per unit
Die X position Ox1AOEh 2 per unit per unit per unit per unit per unit per unit
Die Y position 0x1A10 2 per unit per unit per unit per unit per unit per unit
Test results 0x1A12 2 per unit per unit per unit per unit per unit per unit
CaAIi%Sa:t?on ADC10 Calibration Tag Ox1Al4 1 0x13 0x13 0x13 0x13 0x13 0x13
ADC10 Calibration length O0x1A15 1 0x10 0x10 0x10 0x10 0x10 0x10
ADC Gain Factor 0x1A16 2 per unit per unit per unit per unit per unit per unit
ADC Offset 0x1A18 2 per unit per unit per unit per unit per unit per unit
A%?nézsé\énzgfre;g?ée Ox1A1A 2 per unit per unit per unit per unit per unit per unit
A.ll?e(r:n'l):sé\énz‘éfregg?ée 0x1AlC 2 per unit per unit per unit per unit per unit per unit
A%%;:Oé\e/nzgfgg?ée Ox1A1Eh 2 per unit per unit per unit per unit per unit per unit
A%%iﬁoé\énzzfreég?ée 0x1A20 2 per unit per unit per unit per unit per unit per unit
A%%sisé\énzgfregg?ée 0x1A22 2 per unit per unit per unit per unit per unit per unit
A%%gzsé\énzgfreég?ge 0x1A24 2 per unit per unit per unit per unit per unit per unit
it REF Tag 0x1A26 1 ox12 0x12 ox12 ox12 ox12 ox12
REF length Ox1A27 1 0x06 0x06 0x06 0x06 0x06 0x06
REF 1.5-V Reference 0x1A28 2 OxFF OxFF OxFF OxXFF OxFF OxXFF
REF 2.0-V Reference O0x1A2A 2 OxFF OXFF OxFF OxFF OxFF OxFF
REF 2.5-V Reference 0x1A2C 2 OxFF OxFF OxFF OxFF OxFF OxFF
g;ﬂ‘;;—t'i)on Timer_D Tag OX1A2E 1 0x15 0x15 0x15 0x15 0x15 0x15
Timer_D length 0x1A2F 1 0x08 0x08 0x08 0x08 0x08 0x08
Timer_D 64-MHz frequency 0x1A30 2 per unit per unit per unit per unit per unit per unit
Timer_D 128-MHz frequency 0x1A32 2 per unit per unit per unit per unit per unit per unit
Timer_D 200-MHz frequency 0x1A34 2 per unit per unit per unit per unit per unit per unit
Timer_D 256-MHz frequency 0x1A36 2 per unit per unit per unit per unit per unit per unit
damer o1 Timer_D Tag 0x1A38 1 ox15 0x15 0x15 0x15 0x15 0x15
Timer_D length 0x1A39 1 0x08 0x08 0x08 0x08 0x08 0x08
Timer_D 64-MHz frequency 0x1A3A 2 per unit per unit per unit per unit per unit per unit

(1) NA = Not applicable
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Table 58. 'F51x2 Device Descriptor Table® (continued)

_ "f_fsléz 'F5172 'F5152 'F5152 'F5132 'F5132
Description Address bSyItZ:s YEF DA RSB DA RSB DA
Value Value Value Value Value Value
Timer_D 128-MHz frequency 0x1A3C 2 per unit per unit per unit per unit per unit per unit
Timer_D 200-MHz frequency O0x1A3E 2 per unit per unit per unit per unit per unit per unit
Timer_D 256-MHz frequency 0x1A40 2 per unit per unit per unit per unit per unit per unit
gz;ifnstrg: Peripheral Descriptor Tag Ox1A42 1 0x02 0x02 0x02 0x02 0x02 0x02
Peripheral Descriptor Length 0x1A43 1 0x53 0x53 0x53 0x53 0x53 0x53
BSL Memory 0x1A44 2 0x8A08 0x8A08 0x8A08 0x8A08 0x8A08 0x8A08
Information Memory 0x1A46 2 0x860C 0x860C 0x860C 0x860C 0x860C 0x860C
RAM 0x1A48 2 Ox2A0E 0x2A0E Ox2A0E 0x2A0E 0x280E 0x280E
Main Memory Ox1A4A 2 0x9240 0x9240 0x9060 0x9060 Ox8E70 Ox8E70
Delimiter 0x1A4C 1 0x00 0x00 0x00 0x00 0x00 0x00
Peripheral count 0x1A4D 1 0x1C 0x1C 0x1B 0x1B 0x1B 0x1B
MSP430CPUXV2 Ox1A4E 2 0x2300 0x2300 0x2300 0x2300 0x2300 0x2300
SBW 0x1A50 2 0x0F00 0x0F00 0x0F00 0x0F00 0x0F00 0x0F00
EEM-S 0x1A52 2 0x0300 0x0300 0x0300 0x0300 0x0300 0x0300
TI BSL 0x1A54 2 OxFCO00 0xFCO00 OxFCO00 0xFCO00 OxFC00 0xFCO00
SFR 0x1A56 2 0x4110 0x4110 0x4110 0x4110 0x4110 0x4110
PMM 0x1A58 2 0x3002 0x3002 0x3002 0x3002 0x3002 0x3002
FCTL O0x1A5A 2 0x3802 0x3802 0x3802 0x3802 0x3802 0x3802
CRC16 0x1A5C 2 0x3C01 0x3C01 0x3C01 0x3C01 0x3C01 0x3C01
CRC16_RB Ox1A5E 2 0x3D00 0x3D00 0x3D00 0x3D00 0x3D00 0x3D00
RAMCTL 0x1A60 2 0x4400 0x4400 0x4400 0x4400 0x4400 0x4400
WDT_A 0x1A62 2 0x4000 0x4000 0x4000 0x4000 0x4000 0x4000
ucs 0x1A64 2 0x4801 0x4801 0x4801 0x4801 0x4801 0x4801
SYS 0x1A66 2 0x4202 0x4202 0x4202 0x4202 0x4202 0x4202
Shared REF 0x1A68 2 0xA003 0xA003 0xA003 0xA003 0xA003 0xA003
Port Mapping Ox1A6A 2 0x1001 0x1001 0x1001 0x1001 0x1001 0x1001
Port 1/2 0x1A6C 2 0x5104 0x5104 0x5104 0x5104 0x5104 0x5104
Port 3/4 Ox1A6E 2 0x5202 0x5202 0x5202 0x5202 0x5202 0x5202
Port J 0x1A70 2 0x5F10 Ox5F10 0x5F10 0x5F10 0x5F10 O0x5F10
TAO O0x1A72 2 0x610A 0x610A 0x610A 0x610A O0x610A 0x610A
MPY32 O0x1A74 2 0x8510 0x8510 0x8510 0x8510 0x8510 0x8510
DMA with 3 channels Ox1A76 2 0x4704 0x4704 0x4704 0x4704 0x4704 0x4704
USCI_A0/BO Ox1A78 2 0x900C 0x900C 0x900C 0x900C 0x900C 0x900C
ADC10_A Ox1A7A 2 0xD318 0xD318 0xD318 0xD318 0xD318 0xD318
COMP_B 0x1A7C 2 0xA818 0xA818 0x1A919 0xA818 0x1A919 0xA818
TIMER_DO Ox1A7E 2 0xD624 0xD624 0xD624 0xD624 0xD624 0xD624
TIMER_D1 0x1A80 2 0x6D04 0x6D04 0x6D04 0x6D04 0x6D04 0x6D04
TEC_O 0x1A82 2 0x700C 0x700C 0x700C 0x700C 0x700C 0x700C
TEC_1 0x1A84 2 0x7002 0x7002 0x7002 0x7002 0x7002 0x7002
Interrupts COMP_B 0x1A86 1 0xA8 0xA8 0xA8 0xA8 O0xA8 0xA8
TEC_O 0x1A87 1 0x6D 0x6D 0x6D 0x6D 0x6D 0x6D
TIMER_DO 0x1A88 1 0x62 0x62 0x62 0x62 0x62 0x62
TIMER_DO 0x1A89 1 0x63 0x63 0x63 0x63 0x63 0x63
WDTIFG Ox1A8A 1 0x40 0x40 0x40 0x40 0x40 0x40
USCI_AO0 0x1A8B 1 0x90 0x90 0x90 0x90 0x90 0x90
USCI_BO 0x1A8C 1 0x91 0x91 0x91 0x91 0x91 0x91
ADC10_A 0x1A8D 1 0xD0 0xD0 0xD0 0xDO 0xD0 0xD0
TAO0.CCIFGO O0x1A8E 1 0x60 0x60 0x60 0x60 0x60 0x60
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Table 58. 'F51x2 Device Descriptor Table® (continued)

_ ol 'F5172 'F5152 'F5152 'F5132 'F5132

Description Address bSyItZ:s YEF DA RSB DA RSB DA
Value Value Value Value Value Value

TAO.CCIFG1..4 Ox1A8F 1 Ox61 0x61 0x61 0x61 0x61 0x61
DMA 0x1A90 1 0x46 0x46 0x46 0x46 0x46 0x46
TEC_1 0x1A91 1 OXx6E OX6E OXx6E OX6E Ox6E OX6E
TIMER_D1 0x1A92 1 0x64 0x64 0x64 0x64 0x64 0x64
TIMER_D1 0x1A93 1 0x65 0x65 0x65 0x65 0x65 0x65
Port P1 0x1A94 1 0x50 0x50 0x50 0x50 0x50 0x50
Port P2 0x1A95 1 0x51 0x51 0x51 0x51 0x51 0x51
delimiter 0x1A96 1 0x00 0x00 0x00 0x00 0x00 0x00
Empty Unused Memory %’;11/*/3;9' OXFF OXFF OXFF OXFF OXFF OXFF

Table 59. 'F51x1 Device Descriptor Table®

. 'F5171 'F5171 'F5151 'F5151 'F5131 'F5131
Description Address bsyltz:s RSB DA RSB DA RSB DA
Value Value Value Value Value Value
Info Block Info length 0x1A00 1 0x06 0x06 0x06 0x06 0x06 0x06
CRC length 0x1A01 1 0x06 0x06 0x06 0x06 0x06 0x06
CRC value 0x1A02 2 per unit per unit per unit per unit per unit per unit
Device ID 0x1A04 1 Ox2E Ox2E Ox2A 0x2A 0x26 0x26
Device ID 0x1A05 1 0x80 0x80 0x80 0x80 0x80 0x80
Hardware revision 0x1A06 1 0x30 0x30 0x30 0x30 0x30 0x30
Firmware revision 0x1A07 1 0x10 0x10 0x10 0x10 0x10 0x10
Die Record Die Record Tag 0x1A08 1 0x08 08 0x08 08 0x08 08
Die Record length 0x1A09 1 Ox0A 0A Ox0A 0A Ox0A 0A
Lot/Wafer ID O0x1A0A 4 per unit per unit per unit per unit per unit per unit
Die X position Ox1AOEh 2 per unit per unit per unit per unit per unit per unit
Die Y position 0x1A10 2 per unit per unit per unit per unit per unit per unit
Test results 0x1A12 2 per unit per unit per unit per unit per unit per unit
CaAIigSalt?on ADC10 Calibration Tag Ox1Al4 1 0x05 0x05 0x05 0x05 0x05 0x05
ADC10 Calibration length 0x1A15 1 0x10 0x10 0x10 0x10 0x10 0x10
ADC Gain Factor Ox1A16 2 per unit per unit per unit per unit per unit per unit
ADC Offset 0x1A18 2 per unit per unit per unit per unit per unit per unit
ADC 1.5-V Reference . . . . . .
Temp. Sensor 30°C 0x1A1A 2 per unit per unit per unit per unit per unit per unit
ADC 1.5-V Reference . . ) . . .
Temp. Sensor 85°C 0x1AlC 2 per unit per unit per unit per unit per unit per unit
ADC 2.0-V Reference ] . . . . .
Temp. Sensor 30°C Ox1A1Eh 2 per unit per unit per unit per unit per unit per unit
ADC 2.0-V Reference ] . . . . .
Temp. Sensor 85°C 0x1A20 2 per unit per unit per unit per unit per unit per unit
ADC 2.5-V Reference . . . . . .
Temp. Sensor 30°C 0x1A22 2 per unit per unit per unit per unit per unit per unit
ADC 2.5-V Reference . . . . . .
Temp. Sensor 85°C 0x1A24 2 per unit per unit per unit per unit per unit per unit
Cﬁfﬂ‘;fig; REF Tag 0x1A26 1 ox12 o0x12 ox12 0x12 ox12 ox12
REF length Ox1A27 1 0x06 0x06 0x06 0x06 0x06 0x06
REF 1.5-V Reference 0x1A28 2 OxFF OxFF OxFF OxXFF OxFF OxXFF
REF 2.0-V Reference O0x1A2A 2 OxFF OXFF OxFF OxFF OxFF OxFF
(1) NA = Not applicable
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Table 59. 'F51x1 Device Descriptor Table® (continued)

. 'F5171 'F5171 'F5151 'F5151 'F5131 'F5131
Description Address bSyItZ:s RSB DA RSB DA RSB DA
Value Value Value Value Value Value
REF 2.5-V Reference 0x1A2C 2 OxFF OxFF OxFF OxFF OxFF OxFF
g;ﬂ‘;;—t'i)on Timer_D Tag OX1A2E 1 0x15 0x15 0x15 0x15 0x15 0x15
Timer_D length 0x1A2F 1 0x08 0x08 0x08 0x08 0x08 0x08
Timer_D 64-MHz frequency 0x1A30 2 per unit per unit per unit per unit per unit per unit
Timer_D 128-MHz frequency 0x1A32 2 per unit per unit per unit per unit per unit per unit
Timer_D 200-MHz frequency 0x1A34 2 per unit per unit per unit per unit per unit per unit
Timer_D 256-MHz frequency 0x1A36 2 per unit per unit per unit per unit per unit per unit
damer o1 Timer_D Tag Ox1A38 1 ox15 0x15 ox15 0x15 0x15 0x15
Timer_D length 0x1A39 1 0x08 0x08 0x08 0x08 0x08 0x08
Timer_D 64-MHz frequency 0x1A3A 2 per unit per unit per unit per unit per unit per unit
Timer_D 128-MHz frequency 0x1A3C 2 per unit per unit per unit per unit per unit per unit
Timer_D 200-MHz frequency 0x1A3E 2 per unit per unit per unit per unit per unit per unit
Timer_D 256-MHz frequency 0x1A40 2 per unit per unit per unit per unit per unit per unit
gggé’ﬂ;{ g'r Peripheral Descriptor Tag OX1A42 1 0x02 0x02 0x02 0x02 0x02 0x02
Peripheral Descriptor Length 0x1A43 1 0x51 0x51 0x51 0x51 0x51 0x51
BSL Memory 0x1A44 2 0x8A08 0x8A08 0x8A08 Ox8A08 0x8A08 0x8A08
Information Memory 0x1A46 2 0x860C 0x860C 0x860C 0x860C 0x860C 0x860C
RAM 0x1A48 2 0x2A0E 0x2A0E 0x2A0E 0x2A0E 0x280E 0x280E
Main Memory Ox1A4A 2 0x9240 0x9240 0x9060 0x9060 0x8E70 Ox8E70
Delimiter 0x1A4C 1 0x00 0x00 0x00 0x00 0x00 0x00
Peripheral count 0x1A4D 1 0x1B 0x1B 0x1B 0x1B 0x1B 0x1B
MSP430CPUXV2 Ox1A4E 2 0x2300 0x2300 0x2300 0x2300 0x2300 0x2300
SBW 0x1A50 2 0xO0F00 Ox0F00 0xO0F00 0x0FO00 0xO0F00 Ox0F00
EEM-S 0x1A52 2 0x0300 0x0300 0x0300 0x0300 0x0300 0x0300
TI BSL 0x1A54 2 0xFC00 0xFC00 0xFC00 0xFC00 0xFC00 0xFC00
SFR 0x1A56 2 0x4110 0x4110 0x4110 0x4110 0x4110 0x4110
PMM 0x1A58 2 0x3002 0x3002 0x3002 0x3002 0x3002 0x3002
FCTL Ox1A5A 2 0x3802 0x3802 0x3802 0x3802 0x3802 0x3802
CRC16 0x1A5C 2 0x3C01 0x3C01 0x3C01 0x3C01 0x3C01 0x3C01
CRC16_RB Ox1A5E 2 0x3D00 0x3D00 0x3D00 0x3D00 0x3D00 0x3D00
RAMCTL 0x1A60 2 0x4400 0x4400 0x4400 0x4400 0x4400 0x4400
WDT_A 0x1A62 2 0x4000 0x4000 0x4000 0x4000 0x4000 0x4000
ucCs 0x1A64 2 0x4801 0x4801 0x4801 0x4801 0x4801 0x4801
SYS 0x1A66 2 0x4202 0x4202 0x4202 0x4202 0x4202 0x4202
Shared REF 0x1A68 2 0xA003 0xA003 0xA003 OxA003 0xA003 OxA003
Port Mapping Ox1A6A 2 0x1001 0x1001 0x1001 0x1001 0x1001 0x1001
Port 1/2 0x1A6C 2 0x5104 0x5104 0x5104 0x5104 0x5104 0x5104
Port 3/4 Ox1A6E 2 0x5202 0x5202 0x5202 0x5202 0x5202 0x5202
Port J 0x1A70 2 0x5F10 Ox5F10 0x5F10 0x5F10 0x5F10 O0x5F10
TAO Ox1A72 2 0x610A 0x610A 0x610A Ox610A Ox610A 0x610A
MPY32 Ox1A74 2 0x8510 0x8510 0x8510 0x8510 0x8510 0x8510
DMA with 3 channels 0x1A76 2 0x4704 0x4704 0x4704 0x4704 0x4704 0x4704
USCI_A0/BO O0x1A78 2 0x900C 0x900C 0x900C 0x900C 0x900C 0x900C
COMP_B Ox1A7A 2 0xA830 0xA830 0xA830 0xA830 0xA830 0xA830
TIMER_DO 0x1A7C 2 0xD624 0xD624 0xD624 0xD624 0xD624 0xD624
TIMER_D1 Ox1A7E 2 0x6D04 0x6D04 0x6D04 0x6D04 0x6D04 0x6D04
TEC_O 0x1A80 2 0x700C 0x700C 0x700C 0x700C 0x700C 0x700C
TEC_1 0x1A82 2 0x7002 0x7002 0x7002 0x7002 0x7002 0x7002
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Table 59. 'F51x1 Device Descriptor Table® (continued)

. 'F5171 'F5171 'F5151 'F5151 'F5131 'F5131
Description Address bSyItZ:s RSB DA RSB DA RSB DA

Value Value Value Value Value Value

Interrupts COMP_B 0x1A83 1 0xA8 0xA8 O0xA8 0xA8 O0xA8 0xA8
TEC_O 0x1A84 1 0x6D 0x6D 0x6D 0x6D 0x6D 0x6D
TIMER_DO 0x1A85 1 0x62 0x62 0x62 0x62 0x62 0x62
TIMER_DO 0x1A86 1 0x63 0x63 0x63 0x63 0x63 0x63
WDTIFG 0x1A87 1 0x40 0x40 0x40 0x40 0x40 0x40
USCI_AO0 0x1A88 1 0x90 0x90 0x90 0x90 0x90 0x90
USCI_BO 0x1A89 1 0x91 0x91 0x91 0x91 0x91 0x91
ADC10_A Ox1A8A 1 0xD0 0xD0 0xD0 0xDO 0xD0 0xD0
TAO0.CCIFGO 0x1A8B 1 0x60 0x60 0x60 0x60 0x60 0x60
TAO.CCIFG1..4 0x1A8C 1 0x61 0x61 0x61 0x61 0x61 0x61
DMA 0x1A8D 1 0x46 0x46 0x46 0x46 0x46 0x46
TEC_1 Ox1A8E 1 OX6E OX6E Ox6E OX6E Ox6E OX6E
TIMER_D1 Ox1A8F 1 0x64 0x64 0x64 0x64 0x64 0x64
TIMER_D1 0x1A90 1 0x65 0x65 0x65 0x65 0x65 0x65
Port P1 0x1A91 1 0x50 0x50 0x50 0x50 0x50 0x50
Port P2 0x1A92 1 0x51 0x51 0x51 0x51 0x51 0x51
delimiter 0x1A93 1 0x00 0x00 0x00 0x00 0x00 0x00
Empty Unused Memory %Xxll/fég' OXFF OXFF OXFF OXFF OXFF OXFF
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REVISION HISTORY

REVISION

COMMENTS

SLAS619

Product Preview release

SLAS619A

Production Data release

SLAS619B

Changed Table 7.

SLAS619C

Changed Comparator_B Vgeg MAX from +1% to +1.5% for all test conditions in Comparator_B.

SLAS619D

Table 1, Corrected number of I/Os for all entries.

Functional Block Diagram, MSP430F51x2 and Functional Block Diagram, MSP430F51x1, Corrected typo on P2 port
name.

Recommended Operating Conditions, Corrected typo in fsystem Vcc conditions on VCORE = 3 row.
PMM, Brown-Out Reset (BOR), Changed parameter descriptions for Vpvcc gor i7-) @nd Vvcore_BoRr IT-)-

SLAS619E

Table 10, changed "SYSRSTIV, System Reset" interrupt event at offset 1Ch to Reserved.

Low-Power Mode Supply Currents (Into Vcc) Excluding External Current, Changed some typical and maximum current
numbers at 85°C.

Table 46, Corrected note regarding USCI CLK function taking precedence over USCI STE function.

SLAS619F

Removed all occurrences of ROSC; does not apply to this device.

SLAS619G

Recommended Operating Conditions, Added note regarding interaction between minimum VCC and SVSH.
Internal Reference, Low-Frequency Oscillator (REFO), Corrected tstart UNIT (changed from pA to ps).

SLAS619H

Recommended Operating Conditions, Added test conditions for typical characteristics.
DCO Frequency, Added note (1).
Table 58 and Table 59, Corrected addresses of the Timer_DO and Timer_D1 device descriptors.

SLAS619I

REF, External Reference (MSP430F51x2 Devices Only), Changed note (1) from "12-bit accuracy" to "10-bit accuracy".
Comparator_B, Changed description and symbol for TCcg Rrer-
Flash Memory, Changed lyerase, lsank Values.

SLAS619J

Added Applications, Development Tools Support, and Device and Development Tool Nomenclature.
Added preview YFF package option.

Table 3, Added note about pullup resistor on RST/NMI/SBWTDIO.

Table 10, Corrected Interrupt Event names for PMMSWBOR (BOR) and PMMSWPOR (POR).
Recommended Operating Conditions, Added note about C(ycore) tolerance.

Outputs — Ports P1 to P3 (Full Drive Strength, P1.6 and P1.7, P2.0 to P2.7, P3.0 and P3.1) and Outputs — Ports P1 to P3
(Reduced Drive Strength, P1.6 and P1.7, P2.0 to P2.7, P3.0 and P3.1), Changed Vons MAX specification from Ve to
V|o.

Comparator_B, Corrected Test Conditions for lavcc rer-

Timer_D, Local Clock Generator Frequency, Changed dfyrca/dVycore 10 dfirce/dVpvee-

Timer_D, Local Clock Generator Frequency, Added note about local clock generator maximum frequency.
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PREVIEW MECHANICAL DATA
F5172YFF (R—XBGA—N40) DIE=SIZE BALL GRID ARRAY
3.09
_ —  » 2,40 [———— >
3.03 _’I
l )
1 000d00O0
(l OOO0OPOOO
270 o] O OO + O OO [2.00]
2.73 o~~~ A~ o~ ]
ct OO0 OO0
sl 0OOD 00O
Al OO0 q) O OKO
f 1 2 3 4 5 6\7 0.40
PIN A1 0,30
INDEX AREA 40X @ 0,20
[@]d 0.015@[c]A[B]
0,30
0,12
0,625*MAX| |__
> OO0V OUOUU SEATING PLANE
NOTES: A. All linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M—1994.
B. This drawing is subject to change without notice.
C. Nanofree™ package configuration.
Nanofree is a trademark of Texas Instruments.
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PACKAGING INFORMATION
Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish  MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty 0) ®3) (4/5)
MSP430F5131IDA ACTIVE TSSOP DA 38 40 Green (RoHS CU NIPDAU  Level-2-260C-1 YEAR M430F5131 Samples
& no Sb/Br) = =
MSP430F5131IDAR ACTIVE TSSOP DA 38 2000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR M430F5131 Samples
& no Sb/Br) = =
MSP430F5131IRSBR ACTIVE WQFN RSB 40 3000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR M430 Samples
& no Sb/Br) F5131 = =
MSP430F5131IRSBT ACTIVE WQFN RSB 40 250 Green (RoHS  CU NIPDAU  Level-2-260C-1 YEAR M430
& no Sb/Br) F5131 J=mp e
MSP430F5132IDA ACTIVE TSSOP DA 38 40 Green (RoHS  CU NIPDAU  Level-2-260C-1 YEAR -40 to 85 M430F5132 o mples
& no Sh/Br) =mp e
MSP430F5132IDAR ACTIVE TSSOP DA 38 2000 Green (RoHS CU NIPDAU  Level-2-260C-1 YEAR -40 to 85 M430F5132 .
& no Sh/Br) =mp e
MSP430F5132IRSBR ACTIVE WQFN RSB 40 3000 Green (RoHS CU NIPDAU  Level-2-260C-1 YEAR -40 to 85 M430
& no ShiBr) F5132 22mp-2
MSP430F5132IRSBT ACTIVE WQFN RSB 40 250 Green (RoHS CU NIPDAU  Level-2-260C-1 YEAR -40 to 85 M430
& no ShiBr) F5132 22mp-2
MSP430F51511DA ACTIVE TSSOP DA 38 40 Green (RoHS CU NIPDAU  Level-2-260C-1 YEAR M430F5151 & ommles
& no Sh/Br) 22mp-2
MSP430F5151IDAR ACTIVE TSSOP DA 38 2000 Green (RoHS CU NIPDAU  Level-2-260C-1 YEAR M430F5151 Samples
& no Sh/Br) = =
MSP430F5151IRSBR ACTIVE WQFN RSB 40 3000 Green (RoHS CU NIPDAU  Level-2-260C-1 YEAR M430
& no Sb/Br) F5151 = =
MSP430F5151IRSBT ACTIVE WQFN RSB 40 250 Green (RoHS CU NIPDAU  Level-2-260C-1 YEAR M430
& no Sb/Br) F5151 - _
MSP430F5152IDA ACTIVE TSSOP DA 38 40 Green (RoHS CU NIPDAU  Level-2-260C-1 YEAR -40 to 85 M430F5152 Samples
& no Sb/Br) = =
MSP430F5152IDAR ACTIVE TSSOP DA 38 2000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR -40 to 85 M430F5152 Samples
& no Sh/Br) E ]
MSP430F5152IRSBR ACTIVE WQFN RSB 40 3000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR -40 to 85 M430
& no Sb/Br) F5152 = =
MSP430F5152IRSBT ACTIVE WQFN RSB 40 250 Green (RoHS  CU NIPDAU  Level-2-260C-1 YEAR -40 to 85 M430
& no Sb/Br) F5152 J=mp e
MSP430F51711DA ACTIVE TSSOP DA 38 40 Green (RoHS  CU NIPDAU  Level-2-260C-1 YEAR M430F5171 Samples
& no Sh/Br) = =
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Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty 0) (3) (415)
MSP430F5171IDAR ACTIVE TSSOP DA 38 2000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR M430F5171
& no Sb/Br) 5
MSP430F5171IRSBR ACTIVE WQFN RSB 40 3000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR M430 el
& no ShiBr) F5171 L
MSP430F5171IRSBT ACTIVE WQFN RSB 40 250 Green (RoOHS  CU NIPDAU  Level-2-260C-1 YEAR M430 D
& no ShiBr) F5171 L
MSP430F5172IDA ACTIVE TSSOP DA 38 40 Green (RoOHS  CU NIPDAU  Level-2-260C-1 YEAR M430F5172
& no Sb/Br) 5
MSP430F5172IDAR ACTIVE TSSOP DA 38 2000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR M430F5172 Samples
& no Sh/Br) =
MSP430F5172IRSBR ACTIVE WQFN RSB 40 3000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR M430 Samples
& no Sh/Br) F5172 =
MSP430F5172IRSBT ACTIVE WQFN RSB 40 250 Green (RoOHS  CU NIPDAU  Level-2-260C-1 YEAR M430 .
& no ShiBr) F5172 P=

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check http://www.ti.com/productcontent for the latest availability

information and additional product content details.
TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between

the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight

in homogeneous material)
® MsL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.

@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation

of the previous line and the two combined represent the entire Device Marking for that device.
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Important Information and Disclaimer: The information provided on this page represents TlI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
5 T [ KO [+—P1—»
1]
lReeI | | l
Diameter Cavity # 20 ‘*
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
v W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [
‘f Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
0O O O OO0 O O O ofSprocket Holes
I
Q1 : Q2
Q3 i Qé User Direction of Feed
T
Pocket\(ljgdrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
MSP430F5131IDAR TSSOP DA 38 2000 330.0 24.4 8.6 13.0 1.8 12.0 | 240 Q1
MSP430F5131IRSBR WQFN RSB 40 3000 330.0 12.4 5.3 5.3 15 8.0 12.0 Q2
MSP430F5131IRSBT WQFN RSB 40 250 180.0 12.4 5.3 53 1.5 8.0 12.0 Q2
MSP430F5132IDAR TSSOP DA 38 2000 330.0 24.4 8.6 13.0 1.8 12.0 | 240 Q1
MSP430F5132IRSBR WQFN RSB 40 3000 330.0 12.4 5.3 53 1.5 8.0 12.0 Q2
MSP430F5132IRSBT WQFN RSB 40 250 180.0 12.4 5.3 53 1.5 8.0 12.0 Q2
MSP430F5151IDAR TSSOP DA 38 2000 330.0 24.4 8.6 13.0 1.8 12.0 | 240 Q1
MSP430F5151IRSBR WQFN RSB 40 3000 330.0 12.4 53 53 1.5 8.0 12.0 Q2
MSP430F5151IRSBT WQFN RSB 40 250 180.0 12.4 5.3 53 1.5 8.0 12.0 Q2
MSP430F5152IDAR TSSOP DA 38 2000 330.0 24.4 8.6 13.0 1.8 12.0 | 240 Q1
MSP430F5152IRSBR WQFN RSB 40 3000 330.0 12.4 5.3 5.3 15 8.0 12.0 Q2
MSP430F5171IDAR TSSOP DA 38 2000 330.0 24.4 8.6 13.0 1.8 12.0 | 240 Q1
MSP430F5171IRSBR WQFN RSB 40 3000 330.0 12.4 5.3 53 1.5 8.0 12.0 Q2
MSP430F5172IDAR TSSOP DA 38 2000 330.0 24.4 8.6 13.0 1.8 12.0 | 240 Q1
MSP430F5172IRSBR WQFN RSB 40 3000 330.0 12.4 5.3 5.3 15 8.0 12.0 Q2
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TAPE AND REEL BOX DIMENSIONS
,//T/
4
e ~.
/\g\ /)i\
™~ e
\“‘x‘y// T w//
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
MSP430F5131IDAR TSSOP DA 38 2000 367.0 367.0 45.0
MSP430F5131IRSBR WQFN RSB 40 3000 367.0 367.0 35.0
MSP430F5131IRSBT WQFN RSB 40 250 210.0 185.0 35.0
MSP430F5132IDAR TSSOP DA 38 2000 367.0 367.0 45.0
MSP430F5132IRSBR WQFN RSB 40 3000 367.0 367.0 35.0
MSP430F5132IRSBT WQFN RSB 40 250 210.0 185.0 35.0
MSP430F5151IDAR TSSOP DA 38 2000 367.0 367.0 45.0
MSP430F5151IRSBR WQFN RSB 40 3000 367.0 367.0 35.0
MSP430F5151IRSBT WQFN RSB 40 250 210.0 185.0 35.0
MSP430F5152IDAR TSSOP DA 38 2000 367.0 367.0 45.0
MSP430F5152IRSBR WQFN RSB 40 3000 367.0 367.0 35.0
MSP430F5171IDAR TSSOP DA 38 2000 367.0 367.0 45.0
MSP430F5171IRSBR WQFN RSB 40 3000 367.0 367.0 35.0
MSP430F5172IDAR TSSOP DA 38 2000 367.0 367.0 45.0
MSP430F5172IRSBR WQFN RSB 40 3000 367.0 367.0 35.0
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MECHANICAL DATA

RSB (S—PWQFN—N40) PLASTIC QUAD FLATPACK NO—-LEAD
5,15
4,85 E
_ 5,15
\ 4,85
PIN 1 INDEX AREA ﬁ\
TOP AND BOTTOM !
% 0,20 NOMINAL
' LEAD FRAME
~To.08lc ? ? SEATING PLANE
0,05
0,00
0,50
f 40X 0.30
1 10
uuuuuuuuuu_]
40 O CH f
P THERMAL PAD d
) ani
) ani
=) SIZE_AND SHAPE Jani
5 SHOWN ON SHPARATE SHEET
) ani
)
- ! {;f—i
= J{EO
nAnnNANNAAN
30 21 0,40
0,25
40X 0.15
0,10 C|AB
& Q)
0,05M) |C
4207182/C 05/
NOTES: All linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M—1994.

This drawing is subject to change without notice.
QFN (Quad Flatpack No—Lead) Package configuration.

The package thermal pad must be soldered to the board for thermal and mechanical performance.
See the additional figure in the Product Data Sheet for details regarding the exposed thermal pad features and dimensions.
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THERMAL PAD MECHANICAL DATA

RSB (S—PWQFN—N40) PLASTIC QUAD FLATPACK NO—-LEAD
THERMAL INFORMATION

This package incorporates an exposed thermal pad that is designed to be attached directly to an external
heatsink. The thermal pad must be soldered directly to the printed circuit board (PCB). After soldering, the

PCB can be used as a heatsink. In addition, through the use of thermal vias, the thermal pad can be attached
directly to the appropriate copper plane shown in the electrical schematic for the device, or alternatively, can be
attached to a special heatsink structure designed into the PCB. This design optimizes the heat transfer from the
integrated circuit (IC).

For information on the Quad Flatpack No—Lead (QFN) package and its advantages, refer to Application Report,
QFN/SON PCB Attachment, Texas Instruments Literature No. SLUA271. This document is available at www.ti.com.

The exposed thermal pad dimensions for this package are shown in the following illustration.

PIN 1 INDICATOR

€0.30 . : 10
i uduudjguuduu .
= % |- Exposed Thermal Pad
Bl A
> d
3,50£0,10 = — - g
> d
> d
l > | d
NP 20
ANAnNNANAN
30 21
— 3,500,100 —»

Bottom View

Exposed Thermal Pad Dimensions

4207183-2/P 06/12

NOTE: All linear dimensions are in millimeters
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LAND PATTERN DATA

RSB (S—PWQFN—N40) PLASTIC QUAD FLATPACK NO-LEAD

Example Stencil Design
Example Board Layout 0.125 Thick Stencil or Thinner
(Note E)
36x0,4— |~ 36x0,4— —
PEN00000000 JUDUDOOOL
— = 'LI: | G—
— — j_l: 03— [— ——
—D| 0 0O 0 |= 40x0,2- — | 03 | =
—> [ @— | —] r ,J. [ @—
—> [ @— D | G—
— O O O — 3,5 4,1 6,0 — ! — 4,15 5,95
—| O O O |c=3 Co | 41 4 |4— P N —
— [ @— — i | G—
,([@JHHHHHH N 00000000
[ [ 35 — 415
| 41 5,95
7‘7 6,0 '
/- (64% Printed Solder Coverage by Area)
| Non Solder Mask Defined Pad ‘Example Via Layout Design
Via layout may vary depending
— on layout constraints
(Note D, F)
Example
I Solder Mask Opening /—9X¢0,3
/ (Note F) @/ 6x1.0
/ O ©
!\ Example O O ©
Pad Geometry
\ { 0,2 / (Note C) ® ® O
0,05
All" Around 6x1,0
T 4209309-2/N  07/12

NOTES:  A. All linear dimensions are in millimeters.

B. This drawing is subject to change without notice.

C. Publication IPC-7351 is recommended for alternate designs.

D. This package is designed to be soldered to a thermal pad on the board. Refer to Application Note, Quad Flat—Pack
Packages, Texas Instruments Literature No. SLUA271, and also the Product Data Sheets
for specific thermal information, via requirements, and recommended board layout. These documents are available at
www.ti.com <http: //www.ti.com>.

E. Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC 7525 for stencil design considerations.

F.  Customers should contact their board fabrication site for recommended solder mask tolerances and via tenting
recommendations for vias placed in the thermal pad.
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MECHANICAL DATA

DA (R—PDSO—G**)

38 PIN SHOWN

PLASTIC SMALL—OUTLINE PACKAGE

A

ARRRARAARARAAAAARRS

20

0,15 NOM

J Gauge Plane

0,10
0,50
e X
1,20 MAX
PINS **
DIM 30 32 38
A MAX 11,10 11,10 12,60
A MIN 10,90 10,90 12,40
A MO=TSS g 4| b | DD
Variation
4040066 /F 01/2009
NOTES:  A. Al linear dimensions are in millimeters.

B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusion. Mold flash and protrusion shall not exceed 0.15 per side.

@ Falls within JEDEC MO-153, except 30 pin body length.
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LAND PATTERN DATA

DA (R—PDSO—-G38)

PLASTIC SMALL OUTLINE

Stencil Openings
Based on a stencil thickness

of 0.127mm (0.005inch)

Example Board Layout

TN U
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»‘ ‘« 58x0,50

Qi

»‘ ‘« 56x0,65

//" h S Example Solder Mask Opening
/ .,
< See Note D
0,07 —=fj=— / ( )
— \
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| 1,80 |
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,.\ ’/
\ ’/'
\
/
! Pad Geometr
N 07 BO 4»‘ ‘« // Yy
. P s
T 211473/A 11/10
NOTES: A. Al linear dimensions are in millimeters.
B. This drawing is subject to change without notice.

Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release.

contact their board assembly site for stencil design recommendations. Example stencil design based on a 50% volumetric
metal load solder paste. Refer to IPC—7525 for other stencil recommendations.
D. Contact the board fabrication site for recommended soldermask tolerances.

Customers should
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

Tl warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by Tl for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of Tl components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, Tl components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No TI components are authorized for use in FDA Class Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

Tl has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.
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