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MIXED SIGNAL MICROCONTROLLER

FEATURES

A

Low Supply Voltage Range: 1.8 Vto 3.6 V

Ultralow Power Consumption

— Active Mode (AM): 180 yA/MHz

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

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

— Shutdown Mode (LPM4.5, 3 V): 0.25 pA

Wake-Up From Standby Mode in Less Than

5ps

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 Supporting 32-Bit

Operations

Three Channel DMA

Up to Twelve 5-V Tolerant Digital Push/Pull
I/Os With Up to 20-mA Drive Strength®

MSP430 is a trademark of Texas Instruments.
All other trademarks are the property of their respective owners.

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_AOQ Supporting

— Enhanced UART Supporting
Auto-Baudrate Detection

— IrDA Encoder and Decoder

— Synchronous SPI
— USCI_BO Supporting

|2CTM

— Synchronous SPI
10-Bit 200-ksps Analog-to-Digital (A/D)
Converter
— 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

Family Members are Summarized in Table 1
Available in 40-Pin QFN (RSB) and 38-Pin
TSSOP (DA) Packages (See Table 2)

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

(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.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of the 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 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), 32-bit hardware multiplier, a high performance 10-bit
analog-to-digital (A/D) converter, on-chip comparator, three-channel DMA, 5-V tolerant I/Os, and up to 29 I/O
pins.

The MSP430F51x1 series are microcontroller configurations with two 16-bit high-resolution timers, universal
serial communication interfaces (USCI_AO and USCI_BO0), 32-bit hardware multiplier, on-chip comparator,
three-channel DMA, 5-V tolerant 1/0s, 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, hand-held meters, etc.

Family members available are summarized in Table 1.

Table 1. Family Members

USCI
. Flash SRAM ] . . . ADC10_A Comp_B Package
Device Timer A@ | Timer D@ | Channel A: Channel B: ! - /1O
(KB) (KB) - - UART/IrDA/ SPI/I2C (Ch) (Ch) Type
SPI
9ext/2int 16 29 40 QFN
MSP430F5172 32 2 3 3,3 1 1
8ext/2int 15 27 38 TSSOP
9ext/2int 16 29 40 QFN
MSP430F5152 16 2 3 3,3 1 1
8ext/2int 15 27 38 TSSOP
9ext/2int 16 29 40 QFN
MSP430F5132 8 1 3 3,3 1 1 -
8 ext/2int 15 27 38 TSSOP
16 29 40 QFN
MSP430F5171 32 2 3 3,3 1 1 -
15 27 38 TSSOP
16 29 40 QFN
MSP430F5151 16 2 3 3,3 1 1 -
15 27 38 TSSOP
16 29 40 QFN
MSP430F5131 8 1 3 3,3 1 1 -
15 27 38 TSSOP

(1) 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.

(2) 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.

Table 2. Ordering Information®

- PACKAGED DEVICES®
PLASTIC 38-PIN DA (TSSOP) PLASTIC 40-PIN RSB (QFN)
MSP430F5132IDA MSP430F5132IRSB
MSP430F5152IDA MSP430F5152IRSB
_40°C 10 85°C MSP430F5172IDA MSP430F5172IRSB
MSP430F5131IDA MSP430F5131IRSB
MSP430F5151IDA MSP430F5151IRSB
MSP430F5171IDA MSP430F5171IRSB

(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.
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MSP430F51x1
MSP430F51x2

Functional Block Diagram, MSP430F51x2

Dvcc AvCC DviO P1.x P1.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
y | 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, 2o1ooKBs'Ls 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 P1.x P3.x PJ.x
RST/NMI | DVsS AVSS DVSS 8 8 8 7
XIN X?:JT | | | | 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
(S: 3+1)
TDO TD1 COMP B
JTAG/ . . sc -
SBW TAO Timer_D Timer_D usci 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
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Pin Designation, MSP430F51x2IRSB and MSP430F51x1IRSB
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P1.0/PM_UCAOCLK/PM_UCBOSTE/A0*/CBO[D 1 3938373635343332 (] P3.3/PM_TAOCLK/PM_CBOUT/CB13

P1.1/PM_UCAOTXD/PM_UCAOSIMO/A1*/CB1[D2 | 129 P3.2/PM_TD0.0/PM_SMCLK/CB14
P1.2/PM_UCAORXD/PM_UCAOSOMI/A2*/CB2[D 3 | 128 PJ.6/TD1CLK/TD0.1/CB15
P1.3/PM_UCBOCLK/PM_UCAOSTE/A3*/CB3[D 4 | 127C] DVCC
P1.4/PM_UCBOSIMO/PM_UCBOSDA/A4*/CB4[©5 | RSB PACKAGE 126 DVSS
P1.5/PM_UCBOSOMI/PM_UCBOSCL/A5*/CB5[O6 | (TOP VIEW) | 25 VCORE
PJ.0/SMCLK/TDO/CB6 [ D7 | 124 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 & ..

P1.7/PM_TD0.1D
P2.1/PM_TD1.00D &

P2.5/PM_TECOFLTO/PM_TDO0.1 [©

P1.6/PM_TDO0.0[D
P2.2/PM_TD1.1D &
P2.3/PM_TD1.2 D &

P2.4/PM_TECOCLR/PM_TECOFLT2/PM_TDO0.0 [© 5k

* 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

1 DVSS
1 DVIO
T P2.3/PM_TD1.2
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Terminal Functions

Table 3. Terminal Functions

TERMINAL
NO. 1lo® DESCRIPTION
NAME
RSB | DA
P1.0/ General-purpose digital 1/0
PM_UCAOCLK/ Clock signal input — USCI_AO SPI slave mode
1 5 /o Clock signal output — USCI_AO SPI master mode
PM_UCBOSTE/ Slave transmit enable — USCI_BO SPI mode
A0/ Analog input A0 — 10-bit ADC (see )
cBo®@ Comparator_B Input 0
P1.1/ General-purpose digital 1/0
PM_UCAOQTXD/ Transmit data — USCI_AO0 UART mode
PM_UCAOSIMO/ 2 6 1/0 Slave in, master out — USCI_AO0 SPI mode
Al/ Analog input A1 — 10-bit ADC®
cB1® Comparator_B Input 1
P1.2/ General-purpose digital 1/0
PM_UCAORXD/ Receive data — USCI_AO UART mode
PM_UCAOSOMI/ 3 7 1/0 Slave out, master in — USCI_AO0 SPI mode
A2/ 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 e Clock signal output — USCI_BO SPI master mode
PM_UCAOSTE/ Slave transmit enable — USCI_AO SPI mode
A3/ 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 9 110 12C data — USCI_BO 12C mode
A4/ 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 10 110 12C clock — USCI_BO 12C mode
A5/ Analog input A5 — 10-bit ADC®@
cB5®@ Comparator_B Input 5
PJ.0/ General-purpose digital 1/0
SMCLK/ 7 1 e SMCLK clock output
TDO/ Test data output port
CB6 Comparator_B Input 6
PJ.1/ General-purpose digital 1/0
MCLK/ 8 12 /o MCLK clock output
TDI/TCLK/ Test data input or test clock input
CB7 Comparator_B Input 7
PJ.2/ General-purpose digital 1/0
ADC10CLK/ 9 13 e ADC10_A clock output
TMS/ Test mode select
CB8 Comparator_B Input 8
PJ.3/ General-purpose digital 1/0
ACLK/ ACLK output port
TCK/ 10 14 o Test clock
CB9 Comparator_B Input 9
P1.6/ General-purpose digital 1/0
PM_TDO0.0 1 15 /O, BVio TDO CCRO compare output/capture input
P1.7/ General-purpose digital 1/0
PM_TDO.1 12| 16 VO, DVio | tpo ccr1 compare output/capture input
P2.0/ General-purpose digital 1/0
PM_TDO0.2 13 1 /O, BVio 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. 1ro® DESCRIPTION
NAME
RSB | DA
pP2.1/ General-purpose digital 1/0
PM_TD1.0 14 18 V0, DVio | 1pg CCRO compare output/capture input
pP2.2/ General-purpose digital 1/0
PM_TD1.1 15 1 19 | 1/0,DVio |1p1 ceRr1 compare output/capture input
pP2.3/ General-purpose digital 1/0
PM_TD1.2 16 | 20 V0, DVio | 1pg CCR2 compare output/capture input
DVIO 17 21 5V tolerant digital I/O power supply
DVSS 18 22 Digital ground supply
P2.4/ General-purpose digital 1/0
PM_TECOCLR/ 19 23 1/O. DV TDO external clear input/TDO fault input channel 2 (controlled by module input enable)
PM_TECOFLT2/ r Yo
PM_TDO0.0 TDO CCRO compare output
pP2.5/ General-purpose digital 1/0
PM_TECOFLTO/ 20 24 I/0, DV,p | TDO fault input channel 0
PM_TDO.1 TDO CCR1 compare output
pP2.6/ General-purpose digital 1/0
PM_TECOFLT1/ 21 25 I/0, DV,p | TDO fault input channel 1
PM_TDO0.2 TDO CCR2 compare output
pP2.7/ General-purpose digital 1/0
PM_TEC1CLR/ 2 26 1/O. DV TD1 external clear/TD1 fault input channel 1 (controlled by module input enable)
PM_TECI1FLT1 r Yo
PM_TD1.0 TD1 CCRO compare output
P3.0/ General-purpose digital 1/0
PM_TEC1FLT2/ 23 27 /0, DV|o | TD1 fault input channel 2
PM_TD1.1 TD1 CCR1 compare output
P3.1/ General-purpose digital 1/0
PM_TEC1FLTO/ 24 28 /0, DV|o | TD1 fault input channel O
PM_TD1.2 TD1 CCR2 compare output
VCORE 25 29 Regulated core power supply
DVSS 26 30 Digital ground supply
DvCC 27 31 Digital power supply
PJ.6/ General-purpose digital 1/0
TD1CLK/ TD1 clock input
TDO.1/ 28 32 o 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 Vo SMCLK output
CB14 Comparator_B Input 14
P3.3/ General-purpose digital 1/0
PM_TAOCLK/ TAO clock input
PM_CBOUT/ 30 34 o Comparator_B output
CB13 Comparator_B Input 13
P3.4/ General-purpose digital 1/0
PM_TDOCLK/ 31 ) e TDO clock input
PM_MCLK/ MCLK output
(ROSC) Rosc input
TEST/ 32 35 Test mode pin — select digital /0O on JTAG pins
SBWTCK Spy-Bi-Wire input clock
RST/ Reset input active low
NMI/ 33 36 Non-maskable interrupt input
SBWTDIO Spy-bi-wire data input/output

Copyright © 2010-2011, Texas Instruments Incorporated
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Table 3. Terminal Functions (continued)

TERMINAL
NO. 1ro® DESCRIPTION
NAME
RSB | DA
P3.5/ General-purpose digital 1/0
PM_TAO0.2/ TAO CCR2 compare output/cagture input
As® 34 | 37 110 Analog input A8 — 10-bit ADC®)
VEREF+/ Positive terminal for the ADC's reference voltage for an external applied reference voltage
CB12 Comparator_B Input 12
P3.6/ General-purpose digital 1/0
PM_TAO0.1/ TAO CCR1 compare output/cagture input
A70) 35 | 38 110 Analog input A7 — 10-bit ADC®)
VEREF-/ Negative terminal for the ADC's reference voltage for an external applied reference voltage
CB11 Comparator_B Input 11
P3.7/ General-purpose digital 1/0
PM_TAO0.0/ 36 ) e TAO CCRO compare output/cagture input
A6G) Analog input A6 — 10-bit ADC®
CB10 Comparator_B Input 10
AVCC 37 1 Analog power supply
PJ.4/ 38 5 e General-purpose digital 1/0
XOUT Output terminal of crystal oscillator
PJ.5/ 39 3 e General-purpose digital 1/0
XIN Input terminal for crystal oscillator
AVSS 40 4 Analog ground supply
QFN pad - NA Recommended to connect to DVgg externally

(3) 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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SHORT-FORM DESCRIPTION

CPU | Program Counter | Pcro
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 | sricgiR2
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 |  Ra
The CPU is integrated with 16 registers that provide -
reduced  instruction  execution  time.  The [ General-Purpose Register |  Rs
register-to-register operation execution time is one [ General-Purpose Register |  R6
cycle of the CPU clock.

. . General-Purpose Register
Four of the registers, RO to R3, are dedicated as l ure J | R
program counter, stack pointer, status register, and [ General-Purpose Register | R
constant generator, respectively. The remaining
registers are general-purpose registers. [ General-Purpose Register |  Ro
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
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
Copyright © 2010-2011, Texas Instruments Incorporated Submit Documentation Feedback 9
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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
* 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 and 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

10 Submit Documentation Feedback Copyright © 2010-2011, Texas Instruments Incorporated
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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(l\llgBNIFG, (Non)maskable OFFFCh 62
JTAG Mailbox JMBOUTIFG (SYSSNIV)
User NMI
NMmI @
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 CCIFG1, ... 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/Transmit UCAORXIFG, UCAOTXIFG (UCAOIV)® @) Maskable OFFEEh 55
. ) UCBORXIFG, UCBOTXIFG, 12C Status Interrupt
USCI_BO Receive/Transmit Flags (UCBOIV)® @ Maskable OFFECh 54
ADC10IFGO, ADC10INIFG, ADC10LOIFG,
ADC10_A (MSP430F51x2 only) | ADCI10HIIFG, ADC10TOVIFG, ADC100VIFG Maskable OFFEAh 53
(ADC10IV)® @)
TAO TAOCCRO CCIFGO® Maskable OFFES8h 52
TAOCCR1 CCIFG1 ... TAOCCR2 CCIFG2,
TAO TAOIFG (TAOW)® @ Maskable OFFE6h 51
DMA DMAOIFG, DMALIFG, DMA2IFG (DMAIV)®) @) Maskable OFFE4h 50
TECIFLTIFG, TECIEXCLRIFG,
TEC1 TEClAXCLRIFG(l) () Maskable OFFE2 49
TD1 TD1CCRO CCIFGO®) Maskable OFFEOh 48
TD1CCR1 CCIFG1 ... TD1CCR2 CCIFG2,
TD1 TD1IFG, TDIHFLIFG, TD1HFHIFG, TD1HLKIFG, Maskable OFFDEh 47
TD1HUNLKIFG (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 OFFDAh 45
OFFD8h 44
Reserved Reserved® : :
OFF80h 0, lowest

(1) Multiple source flags

(2) Arresetis 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.

Copyright © 2010-2011, Texas Instruments Incorporated

Submit Documentation Feedback

11


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLAS619C&partnum=MSP430F51x2

MSP430F51x1
MSP430F51x2

SLAS619C —~AUGUST 2010—-REVISED NOVEMBER 2011

13 TEXAS
INSTRUMENTS

www.ti.com

Memory Organization

MSP430F5132, MSP430F5131 | MSP430F5152, MSP430F5151 | MSP430F5172, MSP430F5171
Memory Size 8KB 16KB 32KB
Main: interrupt vector Flash O0OFFFFh to 00FF80h 00FFFFh to 0OFF80h 00FFFFh to 00FF80h
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"e?]tfg:;p 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

12
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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.

* 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/MSP430x6xx Family User's Guide
(SLAU208).

Digital 1/0

There are up to three 8-bit I1/O ports implemented. Port PJ contains seven individual I/O pins, common to all
devices.

« All individual I/O bits are independently programmable.

* 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).

» The input and output voltage levels of the pins supplied by DV,q (see Table 3) are defined by the voltage
supplied by DV,q (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
1 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_UCAOSIMO 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 I12C 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)
6 PM_UCBOCLK USCI_BO clock input/output (direction controlled by USCI)
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_TDO0.1 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 O 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
PM_CLR1TDO0.0 TDO external clear input
13 - 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
Pu_cirzoro | TP etera e Contoled
16 fault input channel 1 TD1 output compare channel 0
PM_FLT2_1TD1.0 (contl)lﬁ;d by module 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_TAO_O TAO input capture channel O TAO output compare channel 0
23 PM_TAO_1 TAO input capture channel 1 TAO output compare channel 1
24 PM_TAOQ_2 TAO input capture channel 2 TAO output compare channel 2
25 PM_DMAEOSMCLK DMAEDQ input SMCLK output
26 PM_DMAE1MCLK DMAEL input MCLK output
27 PM_DMAE2SVM DMAE2 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 PxMAPy 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_UCAQTXD/ PM_UCAOTXD USCI_AO0 UART TXD (Direction USCI_AO SPI slave in master out
PM_UCAOSIMO/A1/CB1 PM_UCAOSIMO 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_TDO0.1

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_MCLK/(ROSC)

PM_TDOCLKMCLK

TDO input clock

MCLK output

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- JCB11 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 ys. The UCS module provides the following clock signals:

* Auxiliary clock (ACLK), sourced from a 32-kHz watch crystal or high-frequency crystal (LFXT1), 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.

* 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

I L e CTOR INTERRUPT EVENT WORD ADDRESS | OFFSET | PRIORITY
No interrupt pending 00h
Brownout (BOR) 02h Highest
RST/NMI (POR) 04h
DoBOR (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
DoPOR (POR) 14h
WDT timeout (PUC) 16h
WDT key violation (PUC) 18h
KEYYV flash key violation (PUC) 1Ah
FLL unlock (PUC) 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 MODULE DEVICE
RSB (3£|33|§|N INPUT INPUT BLOCK OUTPUT OUTPUT RSB (3§)|§|N
N - SIGNAL SIGNAL SIGNAL SIGNAL - -
(40-PINQFN) | T550p) (40-PINQFN) | T'scop)
P3.3-30 P3.3-34 TAOCLK TACLK - -
ACLK
(internal) ACLK ACLK ACLK - - -
Timer NA NA
SMCLK SMCLK SMCLK SMCLK - -
(internal)
P3.3-30 P3.3-34 TAOCLK TACLK - -
P3.7 - 36 - TAO0.0 CCIOA P3.7 - 36 -
- - CBOUT CcCloB - -
CCRO TAO TAO.0
- - Vss GND - -
- - Vee Vee - -
P3.6 - 35 - TAO.1 CCI1A P3.6 - 35 P3.6 - 38
ADC10_A®W | Apc10 AM
) ) (internal) (internal)
ACLK ccne CCR1 TAL TAO.1 ADC10SHSx | ADC10SHSx
=001b =001b
- - Vss GND - -

- - Vee Vee - -
P3.5-34 P3.5-37 TAO.2 CCI2A P3.5-34 P3.5-37
- - 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 MODULE MODULE DEVICE
RSB (352”\' INPUT INPUT BLOCK OUTPUT OUTPUT RSB (3;’{2”\]
i - SIGNAL SIGNAL SIGNAL SIGNAL ! -
(40-PIN QFN) TSSOP) (40-PIN QFN) TSSOP)
P3.4-31 - TDOCLK TDCLK - -
ACLK ACLK (
(internal) internal) ACLK ACLK ) )
SMCLK ( SMCLK ( ) ) _
internal) internal) SMCLK SMCLK Timer NA NA
P3.4-31 - TDOCLK TDCLK - -
- - - CLKO - -

P2.4 - 19 P2.4-23 TECOCLR TECXCLR - -
P1.6-11® | p1.6-151 TDO.0 CCI0A P1.6-11® | p1.6-150
P3.2-29 P3.2-33 TDO.0 CCIOB P2.4-19 P2.4-23

ADC10_A ADC10_A
) ) (internal) (internal)
Vss GND CCRO Do Do ADC10SHSx | ADC10SHSX
=0100 @ =0100@
- - Vee Vee - -

P2.5 - 20 P2.5 - 24 TECOFLTO | TECXFLTO - -
P1.7-12® | p1.7-16® TDO.1 CCI1A P1.7-12® | p1.7-16®
cBOUT CBOUT TDO.1 ccliB PJ.6 - 28 PJ.6 - 32

(internal) (internal)
- - Vss GND P2.5-20 P25 - 24
CCR1 o1 D1 ADCIO A | ADCIO A
) ) v v (internal) (internal)
cc cc ADC10SHSx | ADC10SHSx
=011b @ =011b @
P2.6 - 21 P2.6 - 20 TECOFLT1 | TECXFLT1 - -
P2.0-13® | p2.0-17® TDO.2 CCI2A P2.0-13® | p2.0-17®
ACLK ACLK TDO.2 cci2B P2.6- 21 P2.6 - 25
(internal) (internal)
i - Ves GND CCR2 TD2 TD2 - -
- - Vce Vee - -
P2.4 - 19 P2.4-23 TECOFLT2 | TECXFLT2 - -

(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 MODULE DEVICE
RSB DA INPUT INPUT BLOCK OUTPUT OUTPUT RSB DA
(40-PIN (38-PIN SIGNAL SIGNAL SIGNAL SIGNAL (40-PIN (38-PIN
QFN) TSSOP) QFN) TSSOP)
PJ.6- 28 PJ.6-32 TD1CLK TDCLK - -
ACLK
(internal) ACLK ACLK ACLK - -
SMCLK( SMCLK SMCLK SMCLK _ - -
internal) Timer NA NA
PJ.6- 28 PJ.6-32 TD1CLK TDCLK - -
from TDO
) ) (internal) CLKO
P2.7 - 22 P2.7 - 26 TECICLR TECxXCLR - -
P2.1-14® | p2.1-18® TD1.0 CCIOA P2.1-14® | p2.1-18®
- - TD1.0 CCIoB P2.7 - 22 P2.7 - 26
- - Vss GND CCRO TDO TDO - -
- - Vee Vee - -
P3.1-24 P3.1-28 TECLIFLTO | TECXFLTO - -
p2.2-150 | p2.2-19® TD1.1 CCI1A p2.2-150 | p2.2-19®
CBOUT CBOUT TD1.1 cciB P3.0-23 | P3.0-27
(internal) (internal)
- - Ves GND CCR1 TD1 D1 - -
- - Vee Vce - -
P2.7-22 P2.7 - 26 TEC1IFLT1 | TECXFLT1 - -
P2.3-16M | p2.3-200 TD1.2 CCI2A P2.3-16® | p2.3-200
ACLK ACLK
(internal) (internal) TD1.2 cci2B P3.1-24 P3.1-28
- - Ves GND CCR2 TD2 TD2 -
- - Vee Vee - -
P3.0 - 23 P3.0 - 27 TEC1IFLT2 | TECXFLT2 - -
(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/breakpoints on memory access

* One hardware trigger/breakpoint on CPU register write access

« Up to four hardware triggers can be combined to form complex triggers/breakpoints

* One cycle counter

+ Clock control on module level
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Peripheral File Map

Table 15. Peripherals

MODULE NAME BASE ADDRESS OFFSERLQgERESS
Special Functions (see Table 16) 0100h 000h - 01Fh
PMM (see Table 17) 0120h 000h - 00Fh
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
TAOQ (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 0 (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_AO (see Table 38) 05CO0h 000h - 01Fh
USCI_BO (see Table 38) 05EOh 000h - 01Fh
A?ﬁé&éé,ﬁ%ﬁggﬁy‘;m 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 register 0 PMM5CTLO 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 SYSJIMBC 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: 01B0h)
REGISTER DESCRIPTION REGISTER OFFSET
Shared reference control REFCTL 00h
Table 25. Port Mapping Controller (Base Address: 01CO0h)
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 P2MAPOQ 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 P2MAPS 05h
Port P2.6 mapping register P2MAPG6 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 P1lIE 1Ah
Port P1 interrupt flag P1IFG 1Ch
Port P2 input P2IN 01h
Port P2 output P20UT 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: 03C0Oh)
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 TAOEXO0 20h
TAO interrupt vector TAOIV 2Eh
Table 33. 32-bit Hardware Multiplier Registers (Base Address: 04C0h)
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 x 32result 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 0 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 DMAOSZ 0Ah
Table 36. DMA Channel 1 (Base Address: 0520h)
REGISTER DESCRIPTION REGISTER OFFSET
DMA channel 1 control DMALCTL 00h
DMA channel 1 source address low DMA1SAL 02h
DMA channel 1 source address high DMA1SAH 04h
DMA channel 1 destination address low DMAI1DAL 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 12C own address UCBO0I2COA 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 0 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 0 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 Ad

dress: 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 0 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 0 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

-03Vto4.1lV

Voltage Vo applied at VIO to DVSS

-03Vto6.1V

Voltage applied to any pin (excluding VCORE)®

-0.3Vto VCC +0.3V

Diode current at any device pin

Storage temperature range, Tgg

-55°C to 150°C

Maximum operating junction temperature, T,

@

@

Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings

only, and functional operation of the device at these or any other conditions beyond those indicated under "recommended operating
conditions" is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.
All voltages 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

MIN  NOM  MAX| UNIT
PMMCOREVxX = 0 1.8 3.6 \Y
Supply voI_tage during program execution and flash PMMCOREVX = 0, 1 2.0 3.6 \V;
Vee programming
V(AVCC) = V(DVCC) =Vcc ()] PMMCOREVx =0, 1, 2 2.2 3.6 \Y
PMMCOREVx =0, 1, 2, 3 24 3.6 \Y
Vio Supply voltage of pins P1.6, P1.7, P2.0 to P2.7, P3.0, and P3.1 supplied by vIo®@ 1.8 5.5 \%
Vss Supply voltage V(AVSS) = V(DVSS) = Vss 0 \%
Ta Operating free-air temperature -40 85| °C
T; Operating junction temperature -40 85| °C
C(VCORE) Recommended capacitor at VCORE 470 nF
c(pvcce)/ . .
C(VCORE) Capacitor ratio of DVCC to VCORE 10
PMMCOREVX = 0,
18V<Vcc<£36V 0 12
(default condition)
. 3) (4 PMMCOREVx = 1,
¢ Processor frequency (maximum MCLK frequency)® @ 20V € Ver <36V 0 16
SYSTEM : OV<sVecs3 MHz
(see Figure 1)
PMMCOREVX = 2, 0 20
22V<Vcc<36V
PMMCOREVX = 3, 0 o5
22V<Vec£36V
PinT Internal power dissipation Ve x I(DVCC) W
Pio I/0 power dissipation of the 1/O pins powered by DVCC (Ve - Vion) X hiow + w
VioL X liol
Pios I/0 power dissipation of the 1/O pins powered by VIO (Vio - Viors) X liors * w
Vios X lios
Pumax 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) Itis recommended to power DVCC and AVCC prior to DVIO. At DVCC/AVCC voltages higher than 1.8 V, the maximum difference of
0.3 V between DVIO and DVCC/AVCC can be exceeded.

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

(4) Modules may have a different maximum input clock specification. See the specification of the respective module in this data sheet.
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Supply Voltage - V
The numbers within the fields denote the supported PMMCOREVXx settings.

Figure 1. 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)

PMM FREQUENCY (fpco = fmcrk = fsmeLk)
PARAMETER EQ'EE%L(’)TFL?(N Vee | CORE 1 MHz 8 MHz 12 MHz 20 MHz 25 MHz UNIT
VX TYP MAX | TYP MAX | TYP MAX | TYP MAX | TYP  MAX
0 0.24 0.27 1.48 1.60 - - - - - -
ot e Flash av 1 0.26 - 1.66 - 2.48 2.7 - - - - A
' 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 - - - - - -
o o AN av 1 0.18 - 1.00 - 1.49 1.62 - - - - A
' 2 0.20 - 1.14 - 1.68 - 2.75 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)® @
PMM -40°C 25°C 60°C 85°C
PARAMETER Vee CORE UNIT
Vx TYP MAX TYP MAX TYP MAX TYP MAX
— Low-power mode 0 22V 0 82 90 85 90 87 95 85 100 A
’ 3V 3 88 100 85 100 90 104 88 104
- Low-power mode 2 22V 0 10 12.5 10 12 10 125 125 13 A
3v 3 9 115 11 13 11 15 12 14
22V 1.7 - 1.8 2.0 25 - 35 45
3V 0 2.0 - 2.0 2.2 3.0 - 3.7 45
22V L 1.8 - 1.9 - 25 - 4.0 -
Lpuis, xTaLe Low-power mode 3, 3V 21 - 2.2 N 2.5 - 4.0 - uA
' crystal mode 22V 1.8 - 2.0 - 25 - 4.2 -
3v 2 2.0 - 2.2 - 2.8 - 42 -
22V 1.9 - 2.0 25 2.9 - 3.9 5.0
3V 3 2.1 - 2.2 25 3.0 - 40 55
22V o 1.0 - 1.0 1.25 1.6 - 2.7 35
3V 1.1 - 1.2 1.4 15 - 2.8 4.0
22V L 1.0 - 1.1 - 1.8 - 3.0 -
s v \L/OLW_power mode 3, 3v 1.3 - 1.1 - 2.0 - 3.2 - A
' O mode 22V ) 1.1 - 1.1 - 1.8 - 3.1 -
3V 1.1 - 1.2 - 2.0 - 3.2 -
22V 1.1 - 1.1 1.4 1.9 - 3.0 4.0
3V 3 1.1 - 1.2 15 21 - 3.0 45
0 0.8 - 0.9 1.3 1.4 - 2.7 3.7
1 0.8 - 1.0 - 1.4 - 3.0 -
ILpma Low-power mode 4 3V 5 08 - 10 i 15 - 20 - HA
3 0.9 - 1.0 13 16 - 3.0 4.0
s Low-power mode 4.5 22V X 0.06 - 0.20 0.26 0.33 - 0.60 0.9 A
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 Egi BE::EE\:’V\;I:NV:INV:S%CC 20 35 50| kQ

C Input capacitance VN = Vgg OF Ve 5 pF

Schmitt-Trigger Inputs — General Purpose 1/0 (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: Vi = Vee 20 35 50| kQ
C Input capacitance VN = Vgs Or 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 width to set 18V103.6V 20
interrupt flag

tiy  Externalinterrupt timing® ns
Port P1.6 and P1.7, and P2.0 to P2.7, External 18Vio5V 25
trigger pulse width 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 width t;qy is met. It may be set by trigger signals shorter
than t(int)-

Leakage Current — General Purpose I/O
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
PARAMETER TEST CONDITIONS Vee MIN TYP MAX| UNIT

Port P1.0 to P1.5, P3.0 to
. 1.8Vto3.6V +1 50
| High-impedance P3.7, PJ.0 to PJ.6 O @ A
koPxy)  leakage current | port P1.6 and P1.7, P2.0 to 18Vi05Y i 50
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/pulldown resistor is
disabled.
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Outputs — Ports P1 to 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® ' Vee — 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 mA® 18V Vss Vss+0.25
[ =10 mA®@ ' Vss Vs + 0.60

VoL Low-level output voltage (OLmax) ) 55 S8 \%
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 Vee
lioHsmax) = =10 MA® ' Vio - 0.60 Vee

Vons  High-level output voltage omsmay = =5 mA® 3V Vi - 025 Ve \Y
loHsmax) = =15 MA® Vio - 0.60 Vee
loHsmax) = =7 MA® sy | Vio—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
l(otsmax = 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, loHsmax) 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 to 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

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

Vou  High-level output voltage (OHmax) o cc ccl vy
I(OHmax) =-2mA 3v Vee —0.25 Vce
| (oHmax) = —6 MA®) Vee - 0.60 Vee
loLmax) = 1 MA@ L8V Vgs Vsg+0.25
loLmax) = 3 mA® Vss Vsgg + 0.60

VoL Low-level output voltage 7 \%
I(OLmax) =2 mA 3V Vss Vgg +0.25
loLmax) = 6 mA® Vss Vg + 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® Lav Vio—0.25 Vee
l(oHsmax) = =3 MA®) ' Vio — 0.60 Vee

Vons  High-level output voltage orsmax) = =2 mA® 3V Vio=025 Vec \%
l(oHsmax) = =6 MA®) Vio — 0.60 Vee
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 .
Py (with load) CL=20pF, R =1kQ® @ 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
PMMCOREVx =0
f Port output frequency P1.6 port mapper SMCLK from P3.4 Vee =3V, V=3V o5 MHz
Px.y (with load) CL=20pF, R =1 kQ® @ PMMCOREVxX = 3
VCC:3V,V|O:5V 25
PMMCOREVxX = 3
Vec =18V, Vg =18V 16
PMMCOREVx =0
P1.6 port mapper SMCLK from P3.4 Vee=3V, V=3V
frort_cLk Clock output frequency CL = 20 pF@ PMMCOREVx = 3 25 MHz
VCC=3V,V|O=5V 25
PMMCOREVxX = 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 T 8.0 T T
Ve=3.0V Ve =1.8V T,=25°C
Px.y 70| Pxy —
T, =25°C
20.0
/7 6.0 / / T,=85°C |
— e /)
15.0 A/ 5.0

o

/

10.0 /

lo. — Typical Low-Level Output Current — mA
l,. — Typical Low-Level Output Current — mA

3.0
2.0
5.0 /
1.0 /
0.0 0.0
0.0 0.5 1.0 1.5 2.0 25 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 2. Figure 3.
TYPICAL HIGH-LEVEL OUTPUT CURRENT TYPICAL HIGH-LEVEL OUTPUT CURRENT
Vs Vs
HIGH-LEVEL OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE
0.0 1 T 0.0 T
Vee=3.0V Vee=1.8V /
Px.y 1.0 |- Px.y
-5.0
/ 2.0
-10.0 A 3.0

-15.0 /

N

loy — Typical High-Level Output Current — mA

I, — Typical High-Level Output Current - mA
A
P ¢

T = o / ”
=BT L~ / _
/ -6.0 |—
. T,=25°C
200 | 1, -25°C
-7.0
-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 V. — High-Level Output Voltage —V
Figure 4. Figure 5.
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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
60.0 T,=25°C 24 | ‘
< 550/ Vee=3.0V < Vee=1.8V
£ : = Px. oo
Px.y | y T,=25°C
J 500 -
= T,=85°C s 20
2 450 S
3 / o o
8 40.0 _‘5 16 / TA =85°C
3 // e /
5 35.0 5
5 I/ °
<5 30.0 / / g 12
3 o
| 25.0 -
G 20.0 % 5 8
- " :I
8 150 g_
s s
= 10.0 I 'T 4
I =)
3 5.0 = /
0.0 0
00 05 10 15 20 25 30 35 0.0 0.5 1.0 1.5 2.0
V.. — Low-Level Output Voltage -V V.. — Low-Level Output Voltage —V
Figure 6. Figure 7.
TYPICAL HIGH-LEVEL OUTPUT CURRENT TYPICAL HIGH-LEVEL OUTPUT CURRENT
Vs Vs
HIGH-LEVEL OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE
0.0 - : 0 ;
V. =3.0V Vee=1.8V
< 50| Ve <
g 50 Px.y l £ Px.y
JURET.Y) -
5 5
£ -15.0 £
3 3
S 200 S
2 / g 3
5 -25.0 5 /
I / 3
% -30.0 / / %
- -35.0 T -12
2 -40.0 / =
= // = T,=85°C
S -45.0 , 8
s T,=85°C / 'g -16
,T> -50.0 /, =
3 -55.0 — 3 T,=25°C
50.0 T,=25C 2 |
00 05 10 15 20 25 30 35 0.0 0.5 1.0 1.5 2.0
Vo — High-Level Output Voltage -V V,, — High-Level Output Voltage - V
Figure 8. Figure 9.
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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 ——
DVCC=3.0V
DVIO=5.0V
0=50 To=25°C
50
]
40 ———74— e
// T, =85°C

10

lo. - Typical Low-Level Output Current - mA

0

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

Voo - Low-Level Output Voltage - V

Figure 10.

TYPICAL LOW-LEVEL OUTPUT CURRENT
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LOW-LEVEL OUTPUT VOLTAGE
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DVIO=1.8V

\
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,/f/
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%/

/4

lo. - Typical Low-Level Output Current - mA

lo. - Typical Low-Level Output Current - mA

loy - Typical High-Level Output Current - mA

TYPICAL LOW-LEVEL OUTPUT CURRENT
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LOW-LEVEL OUTPUT VOLTAGE
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%

/
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VoL - Low-Level Output Voltage - V
Figure 11.

TYPICAL HIGH-LEVEL OUTPUT CURRENT
VS
HIGH-LEVEL OUTPUT VOLTAGE
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| DVIO=5.0V
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-60 —
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-70 |-
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VoL - Low-Level Output Voltage -V Vou - High-Level Output Voltage -V
Figure 12. Figure 13.
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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 : w 0 ‘
DvCC =3.0V DvCC =18V
DVIO=3.0V DVIO=1.8V

2

4 /)

) /
20 | TA=85C 1// /

-6

loy - Typical High-Level Output Current - mA
I
loy - Typical High-Level Output Current - mA

-8 i
% To=25°C
Ta=25°C ‘
-30 ‘ -10
0 0.5 1 1.5 2 25 3 35 0 0.5 1 15 2
Vou - High-Level Output Voltage - V Voy - High-Level Output Voltage - V
Figure 14. Figure 15.
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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)

TYPICAL LOW-LEVEL OUTPUT CURRENT

Vs

LOW-LEVEL OUTPUT VOLTAGE

TYPICAL LOW-LEVEL OUTPUT CURRENT

Vs

LOW-LEVEL OUTPUT VOLTAGE

140 \ \ \ ‘ ‘ ‘ 80 ‘ ‘
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2 /l // T, =85°C 8 55 /1/
> 90 n 3 50 i
o / / o / > _ aro
5 80 / 5 45 [~ Ta=85°C
9 70 / / 9 40 / /
E 1/ 3 / /
o 60 o 35
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30
2 50 ] !/
o / 8 o5 /
= 40 = //
3 )/ T 20
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g // 215
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VoL - Low-Level Output Voltage - V VoL - Low-Level Output Voltage - V
Figure 16. Figure 17.
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Figure 18. Figure 19.
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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 (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 : \ 0 ‘

< 5} pvcCc=3.0V I < DvCcC =18V
€ .10 |DVIO=3.0V £ DVIO=18V
= 15 = 5
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3 .25 / 3
(&S] o /
s -30 / s -10
g 35 g
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5 -45 /’ 5 -15
3 -50 3 /
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T 65 / z %
s 0 ™
o -70 o o
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Vou - High-Level Output Voltage - V Voy - High-Level Output Voltage - V
Figure 20. Figure 21.
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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
TA =25°C
Differential XT1 oscillator crystal fosc = 32768 Hz, XTS =0,
Ipvee.Lr 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
TA =25°C
fyr1.LFo T fn%ife'"ator crystal frequency, | y1g - o xT1BYPASS = 0 32768 Hz
XT1 oscillator logic-level
fxT1,LFsw square-wave input frequency, XTS =0, XTIBYPASS =1 10 32.768 50| kHz
LF mode
XTS =0,
XT1BYPASS =0, XT1DRIVEXx =0, 210
Oscillation allowance for fxriLe = 32768 Hz, Cp et = 6 pF
OAF kQ
LF crystals XTS =0,
XT1BYPASS =0, XT1DRIVEXx =1, 300
fXTl,LF = 32768 Hz, CL,eﬁ =12 pF
XTS =0, XCAPx =0 2
N Integrated effective load XTS =0, XCAPx =1 5.5 F
Leff capacitance, LF mode XTS = 0, XCAPX = 2 85 P
XTS =0, XCAPx =3 12.0
XTS = 0, Measured at ACLK, o
Duty cycle, LF mode friir = 32768 Hz 30 70 %
fraut LF E,:Sfﬂfé‘: fault frequency, XTS =0 10 10000| Hz
fOSC =32768 Hz, XTS =0,
XT1BYPASS = 0, XT1DRIVEX = 0, 1000
. TA =25°C, CL eff = 12 pF
tSTART LF Startup time, LF mode - 3V ms
’ fosc = 32768 Hz, XTS = 0,
XT1BYPASS = 0, XT1DRIVEX = 3, 500
Tp=25°C, Cpe = 12 pF
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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

Ipvee HF

Differential XT1 oscillator crystal
current consumption from lowest
drive setting, HF mode

fosc =4 MHz,

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

200

fosc =12 MHz,

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

fosc =20 MHz,

XTS =1, XOSCOFF =0,
XT1BYPASS = 0, XT1DRIVEX = 2,
Tp = 25°C

fosc =32 MHz,

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

3V

260

325

450

MA

fXTl,HFO

XT1 oscillator crystal frequency,
HF mode 0

XTS =1,
XT1BYPASS = 0, XT1DRIVEX = 0@

MHz

fxrLHFL

XT1 oscillator crystal frequency,
HF mode 1

XTS =1,
XT1BYPASS = 0, XT1DRIVEx = 1@

16

MHz

fXTl,HF2

XT1 oscillator crystal frequency,
HF mode 2

XTS =1,
XT1BYPASS = 0, XT1DRIVEX = 2@

16

24

MHz

fxr1HF3

XT1 oscillator crystal frequency,
HF mode 3

XTS =1,
XT1BYPASS = 0, XT1DRIVEx = 3@

24

32

MHz

fXTl,HF,SW

XT1 oscillator logic-level
square-wave input frequency,
HF mode

XTS =1,
XT1BYPASS =14 @

0.7

32

MHz

OAur

Oscillation allowance for
HF crystals®

XTS =1,
XT1BYPASS =0, XT1DRIVEXx =0,
fxri,HE = 6 MHz, C o = 15 pF

XTS =1,
XT1BYPASS =0, XT1DRIVEX =1,
fXTl,HF =12 MHz, CL,eff =15 pF

XTS =1,
XT1BYPASS =0, XT1DRIVEX =2,
fXTl,HF =20 MHz, CL,eff =15 pF

XTS =1,
XT1BYPASS =0, XT1DRIVEX =3,
fXTl,HF =32 MHz, CL,eff =15 pF

450

320

200

200

kQ

tSTART,HF

Startup time, HF mode

fosc =6 MHz, XTS = 1,
XT1BYPASS = 0, XT1DRIVEX = 0,
Ta= 25°C, CL,eff =15 pF

fosc =20 MHz, XTS = 1,
XT1BYPASS = 0, XT1DRIVEX = 2,
Ta= 25°C, CL,eff =15 pF

3V

0.5

0.3

ms

(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 praxis to avoid any parasitic load on the oscillator XIN and XOUT pins.

(f) If conformal coating is used, ensure that it does not induce capacitive/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.

46 Submit Documentation Feedback

Copyright © 2010-2011, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLAS619C&partnum=MSP430F51x2

13 TEXAS
INSTRUMENTS

www.ti.com

MSP430F51x1
MSP430F51x2

SLAS619C —AUGUST 2010—-REVISED NOVEMBER 2011

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
R
Duty cycle, HF mode é:inzl':Mz%afA“;‘id at ACLK, 40 50 60| %

feaut e S;cmggog(l;z;\ult frequency, XTS = 1® 30 300! KMz

(5) Includes parasitic bond and package capacitance (approximately 2 pF per pin).

Since 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.
(7) Frequencies below the MIN specification set the fault flag. Frequencies above the MAX specification do not set the fault flag.
Frequencies in between 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 1.8Vto3.6V 6 9.4 14| kHz
dfy o/dr VLO frequency temperature drift Measured at ACLK® 1.8Vto3.6V 0.5 %/°C
dfy o/dVcee VLO frequency supply voltage drift Measured at ACLK®@ 1.8Vto3.6V 4 %IV

Duty cycle Measured at ACLK 1.8Vto3.6V 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 Vce MIN TYP  MAX| UNIT
IrReFO REFO oscillator current consumption | Ta = 25°C 18Vto3.6V 3 HA
REFO frequency calibrated Measured at ACLK 18Vto3.6V 32768 Hz
frRerFo . Full temperature range 1.8Vto3.6V +3.5 %
REFO absolute tolerance calibrated
Tp=25°C 3V +1.5 %
dfrero/dr REFO frequency temperature drift Measured at ACLK® 1.8Vto3.6V 0.01 %/°C
dfrero/dVee  REFO frequency supply voltage drift | Measured at ACLK @) 1.8Vto3.6V 1.0 %NV
Duty cycle Measured at ACLK 18Vto3.6V 40 50 60| %
tSTART REFO startup time 40%/60% duty cycle 1.8Vt03.6V 25 UA
(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
foco(0,0) DCO frequency (0, 0) DCORSELx = 0, DCOx = 0, MODx =0 0.07 0.20| MHz
foco(o,31) DCO frequency (0, 31) DCORSELx = 0, DCOx = 31, MODx = 0 0.70 1.70| MHz
foco(1,0) DCO frequency (1, 0) DCORSELx = 1, DCOx = 0, MODx =0 0.15 0.38| MHz
foco(,31) DCO frequency (1, 31) DCORSELx = 1, DCOx = 31, MODx = 0 1.47 3.45| MHz
foco,0) DCO frequency (2, 0) DCORSELx = 2, DCOx = 0, MODx =0 0.32 0.75| MHz
foco,31) DCO frequency (2, 31) DCORSELx = 2, DCOx = 31, MODx = 0 3.17 7.38| MHz
foco,0) DCO frequency (3, 0) DCORSELx = 3, DCOx = 0, MODx =0 0.64 151| MHz
foco@,31) DCO frequency (3, 31) DCORSELx = 3, DCOx = 31, MODx = 0 6.07 14.0| MHz
foco,0) DCO frequency (4, 0) DCORSELx = 4, DCOx = 0, MODx =0 1.3 3.2| MHz
foco,31) DCO frequency (4, 31) DCORSELx = 4, DCOx = 31, MODx = 0 12.3 28.2| MHz
foco,0) DCO frequency (5, 0) DCORSELx = 5, DCOx = 0, MODx =0 25 6.0 MHz
foco,31) DCO frequency (5, 31) DCORSELx =5, DCOx = 31, MODx = 0 23.7 54.1| MHz
focos,0) DCO frequency (6, 0) DCORSELx = 6, DCOx = 0, MODx =0 4.6 10.7| MHz
foco(s,31) DCO frequency (6, 31) DCORSELx = 6, DCOx = 31, MODx = 0 39.0 88.0| MHz
foco(7,0) DCO frequency (7, 0) DCORSELx = 7, DCOx = 0, MODx = 0 8.5 19.6| MHz
foco(z,31) DCO frequency (7, 31) DCORSELx = 7, DCOx = 31, MODx = 0 60 135| MHz

Frequency step between range '
SpcoRsEL DCgRSEyL ancFi) DCORSEL +gl SrskeL = focopcorseL+1,0co)/focopcorseL,bco) 1.2 2.4 ratio

Frequency step between ta .
Spco ch andyDCOp 1 P Spco = focopcorseL,bco+1y/focomcorsEL,beo) 1.02 112 ratio

Duty cycle Measured at SMCLK 40 50 60| %
dfpco/dT DCO frequency temperature drift | fpco = 1 MHz, Vcore = 1.2 V/I2.0 V 0.1 %/°C
dfpco/dVeore DCO frequency voltage drift foco = 1 MHz 1.9 %IV

Typical DCO Frequency, V.. =3.0V,T, =25°C
100 —
>
V4 V4
7 7
/ /
g /
0 L /L [/
T Ill’ Il,’ Ill’ z
é 7 // y 4 7
N , 7 7 7
- DCOx = 31 / / /
1 y 4 v 4 y 4
Il Il Il
y 4 y 4 V4
y 4 y 4
/ /
7 7
0.1 DCOx =0
0 1 2 3 4 5 6
DCORSEL
Figure 22. 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(DVee BOR_IT-) DVec rising level dDVc/d; < 3 Vis 1.45| V
BORy off voltage,

V(DVcc BOR_IT+) DVec rising level dDVcc/d; < 3 Vis 0.80 130 150| V

V(DVcc_BOR_hys) BORy hysteresis 40 275 mVv
BOR, on voltage, _

V(Veore BOR_IT-) Veone rising level DVec = 1.8V 1t0 3.6 V 0.69 087 V
BOR, off voltage, _

V(Vcore _BOR_IT+) Veore rising level DVcc=1.8V103.6 V 0.83 1.05| V

V(Vcore_BOR_hys) BOR_ hysteresis 60 200 mVv

tdgor BOR, reset release time 2000 | s
Pulse length required at

tRESET RST/NMI pin to accept a 2 us
reset

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

VCORE3(AM) mode, PM%\]ACOREV =3 24V < DVCC <36V,0mA= I(VCORE) <25 mA 1.90 \Y
Core voltage, active

VCOREZ(AM) mode, PM%ICOREV =92 22V<s DVee = 36V,0mA< I(VCORE) <21 mA 1.80 \%
Core voltage, active

VCOREl(AM) mode, PMMCOREV = 1 20V< DVCC <36V,0mA= I(VCORE) <17 mA 1.60 \Y
Core voltage, active

VCOREO(AM) mode, PM%ICOREV =0 1.8V<s DVee = 36V,0mA< I(VCORE) <13 mA 1.40 \%
Core voltage, active

Veores(LPM) mode. PM%ACOREV _3 |24V=DVccS3.6V,0MASI(Veore) < 30 HA 1.94 Y,
Core voltage, low-current

VCOREZ(LPM) mode, PM%ICOREV =92 22V<s DVee = 36V, 0pA < I(VCORE) <30 pA 1.84 \%
Core voltage, low-current

Veore1(LPM) mode. PM%ACOREV =1 |20V=DVccS3.6V,0pA<I(Veore) < 30 BA 1.64 Y,
Core voltage, low-current

VCOREO(LPM) mode, PM%ICOREV =0 1.8V< DVee = 36V, 0pA < I(VCORE) <30 uA 1.44 \%
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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, DVgc = 3.6 V 0 nA
I(svsh) SVS current consumption SVSHE =1, DVcc = 3.6 V, SVSHFP =0 200 nA
SVSHE =1, DVcc =3.6 V, SVSHFP =1 2 WA
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 2.10 2.16 2.23
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 2.21
SVSHE =1, SVSMHRRL =3 2.20 2.26 2.33
V(svsH_IT+) SVSy off voltage level \
- 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, dVDVCC/dt =10 mV/HS, 25
; sVS tion del SVSHFP =1 :
ropagation dela s
P(SVSH) H PTopag y SVSHE = 1, dVpyec/dt = £1 mVis, - H
SVSHFP = 0
SVSHE=0->1
t SVSy, onloff delay ti SVSHFP =1 -
on/off delay time s
(SVSH) H y SVSHE =0 -> 1 100 H
SVSHFP = 0
dVD\/cc/dt DVee 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, DVec = 3.6 V 0 nA
l(svMmH) SVMy current consumption SVMHE =1, DV¢c = 3.6 V, SYMHFP =0 200 nA
SVMHE =1, DV¢c = 3.6 V, SYMHFP = 1 2.0 A
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/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/ps, 25 us
. SVMHFP =1
topd(svmH) SVMy propagation delay SVMHE = 1, dVpyeo/dt = 1 mVips, "
SVMHFP = 0 us
_ §¥“s”|TFEp ot 125
tsvMH) SVMy on/off delay time SYMHE =051, o0 us
SVSHFP =0
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, PMMCOREV = 2, SVSLFP = 0 200 nA
SVSLE =1, PMMCOREV =2, SVSLFP =1 2.0 UA
SVSLE = 1, dV¢core/dt = 10 mV/us, 6
. SVSLFP =1
t(svsy) SVS, on/off delay time SVSLE = 1, dVeorg/dt = 1 mVips, o us
SVSLFP =0
thd(svsL) SVS, propagation delay SYMHE=0> 1, o0 us
SVSLFP =0
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, PMMCOREV = 2 0 nA
l(svmL) SVM, current consumption SVMLE = 1, PMMCOREYV = 2, SVMLFP =0 200 nA
SVMLE =1, PMMCOREV = 2, SVMLFP =1 2.0 WA
SVMLE = 1, dVore/dt = 10 mV/ps, 25
) SVMLFP =1
tphd(svmL) SVM, propagation delay SVMLE = 1, dVeomg/dt = 1 mVijs, - us
SVMLFP =0
SVMLE =0 -> 1,
tsvmu) SVM, on/off delay time SVSLFP =1 - us
SVMLE =0 -> 1, 100
SVSLFP =0
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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, PMMCOREVxX = 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 < fvcwk < 4 sol "™
z
t Wake-up time from LPM2, PMMCOREVX = 0 = SVSMLRRLx = n 150 165 s
SLOW-WAKE-UP | pM3, or LPMA4 to active mode | (where n =0, 1, 2, or 3), SVSLFP =0 H
Wake-up time from LPM4.5 to
WAKE-UP LPM5  gctive mpode 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 1.8Vv/3V 25| MHz
Duty cycle = 50% + 10%
All capture inputs.
tTA cap Timer_A capture timing Minimum pulse width required for 1.8Vv/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 LPM3/4. 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 23 and
Figure 24)

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
) ) 3V 38
tsumi SOMI input data setup time o4y 20 ns
PMMCOREV = 3 :
3V 25
1.8V 0
PMMCOREV =0
) ) 3V 0
tHp, M SOMI input data hold time o4y 0 ns
PMMCOREV = 3 :
3V 0
UCLK edge to SIMO valid, 18V 20
C, = 20 pF, PMMCOREYV = 0 3V 18
tvALID,MO SIMO output data valid time ns
UCLK edge to SIMO valid, 24V 16
C, = 20 pF, PMMCOREYV = 3 3V 15
C_ =20 pF 18V -10 ns
PMMCOREV =0 3V 8
] SIMO output data hold time
HD,MO p CL= 20 pF oav 10 N
PMMCOREV = 3 3V 8
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I‘_ 1/fUCxcLK _’i
CKPL=0 | \ * \
UCLK | | | |
oo TN LN N
| | I |
"_tLOW/HIGH_’I*tLOWIHIGH_’I |
' . tHD.MI
| tsu.w;"—’l |
|
|
|
N—P'i tVALID,MD
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Figure 23. SPI Master Mode, CKPH =0

|4_ 1/ fUCxCLK _’I

UCLK | | | |
CKPL =1 % % % % \ /
| | I |
<_tLOWIHIGH_><_tLOWIHIGH_> t
I | | 'SU,MI
| | tHD,MI
I
I
ﬂ_"i tVALID MO

o —<X XX

Figure 24. SPI Master Mode, CKPH =1

54 Submit Documentation Feedback Copyright © 2010-2011, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLAS619C&partnum=MSP430F51x2

13 TEXAS
INSTRUMENTS

www.ti.com

MSP430F51x1
MSP430F51x2

SLAS619C —AUGUST 2010—-REVISED NOVEMBER 2011

USCI (SPI Slave Mode)
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted) (see Figure 25 and

Figure 26)
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
PMMCOREV =3 ns
3V 6
18V 3
PMMCOREV =0 ns
. . 3V 3
tsTE LAG STE lag time, Last clock to STE high 24y 3
PMMCOREV = 3 : ns
3V 3
18V 66
PMMCOREV =0 ns
. 3V 50
tsTE ACC STE access time, STE low to SOMI data out 24y 6
PMMCOREV = 3 : ns
3V 30
18V 30
PMMCOREV =0 ns
STE disable time, STE high to SOMI high 3V 23
tsTEDIS impedance
24V 16
PMMCOREV =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 2av 5
PMMCOREV =3 ns
3V 2
1.8V 5
PMMCOREV =0 ns
t SIMO input data hold ti 3V >
input data hold time
HD,SI p oav 5
PMMCOREV =3 ns
3V 5
UCLK edge to SOMI valid, 1.8V 76
C_=20pF ns
t SOMI output dat; lid ti PMMCOREV =0 Y %0
output data valid time
VALID.SO P UCLK edge to SOMI valid, 24V 44
C_=20pF ns
PMMCOREYV = 3 3V 40
C_ =20 pF 18V 18 ns
PMMCOREV =0 3V 12
thp,so SOMI output data hold time
C_=20pF 24V 10 s
PMMCOREV = 3 3V 8
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' ' tSTE.LEAD tSTE.LAG ' '

_5]| I [
STE : : |
: :4_ 1/ fUCxCLK _’i : :
CKPL=0 | 7( * * * / SK |
UCLK [ | | | I
CKPL =1 Sk % % % \ %
(I b
| | | | |
L_tLOWlHIGH_*_tLOW/HIGH_’I tSU.SIMO
| | tun,smo |
I | I
| ——
I I
I
I | I
—Pl |4— tace N—P'—thun,sow tos —Pl |4—
soml _D< X X ?_
Figure 25. SPI Slave Mode, CKPH =0
H_ tSTE,LEAD tSTE,LAG _k_"
STE * | | }Zl
T T
: :4_ 1IfUCxCLK _>| : :
UCLK | | | | | | |
o TN S N/ / —
| | | | o
| H_tLOW/HIGH_>|+tL0W/HIGH_>I | |
| 4—"— tHD,SI |
| | tous _k_’l | |
| | | |
| | |
_’l I‘_ tace K—"—tw\un,so tos _’I I‘_
T e G

Figure 26. 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 27)
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 2.2VI3V 0 400 | kHz
) fscL < 100 kHz 4.0
tHp.sTA Hold time (repeated) START 22VI3V us
' fSCL > 100 kHz 0.6
_ fsoL < 100 kHz 4.7
tsu.sTa Setup time for a repeated START 22VI3V us
' fSCL > 100 kHz 0.6
tHp,DAT Data hold time 2.2VI3V 0 ns
tsu,pAT Data setup time 22VI3V 250 ns
) fscL < 100 kHz 4.0
tsu.sto Setup time for STOP 22VI3V us
' fSCL > 100 kHz 0.6
t, Pul idth of spik d by input filt 22V 20 600
ulse width of spikes suppresse input filter ns
SP p pp y inp 3V 50 600
I<_’I_ tHD.STA tSU.STA HD STA BUF
I | I
SDA \ | / X )C | \ | A
A | T
k_ tLOW _’k‘tmGH" | | | tsp
o | |
| |
(I I
I‘_"_ tSU,DAT tSU STO
tHD,DAT_|4_’I
Figure 27. 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 AVgss and DVsg are connected together, 1.8 3.6 \%
V(avss) = Viovss) =0V
. @ |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
AV 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,
AV 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,
AV 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,
AV 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 < AVee 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
fADClOCLK parameters 2.2VI3V 0.45 5 55| MHz
Internal ADC10_A
fADClOOSC oscillator(l) - ADC10DIV = 0Y fADClOCLK = fADClOOSC 2.2VI3V 4.2 4.8 54 MHz
REFON = 0, Internal oscillator, 12 ADC10CLK
cycles, 10-bit mode 2.2VI3V 2.4 3.0
tconvert  Conversion time fabcioosc = 4 MHz to 5 MHz us
External fapciocLk from ACLK, MCLK or SMCLK, @
ADC10SSEL # 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 us
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 needed to get 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 Vce MIN TYP MAX | UNIT
. Integral 1.4V < (VEREF+ — VEREF-)min < 1.6 V +1.0 LS8
: linearity error 1.6 V < (VEREF+ — VEREF-)min < Vaycc +1.0
E Differential (VEREF+ — VEREF-)min £ (VEREF+ — VEREF-), +10| LSB
D linearity error 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 +10| LSB
reference (VEREF+ — VEREF-)min < (VEREF+ — VEREF-), -
Gain error, external | Cverer+ = 20 pF
Ee reference, buffered t1.5| LSB
Gain error, internal See @ +15% | VREF
reference -
Total unadjusted
error, external (VEREF+ — VEREF-)min £ (VEREF+ — VEREF-),
buffered and Cverer+ = 20 pF 1.0 20| LSB
Er unbuffered reference
Total unadjusted
error, internal See @ +1.5% | VREF
reference

(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 Vee MIN TYP MAX | UNIT
VEREF+ Positive external VEREF+ > VEREF- @ 14 AVee| V
reference voltage input
VEREF- Negative external VEREF+ > VEREF- ©® 0 12| v
reference voltage input ’
VEREF+ — Differential external @
VEREF- reference voltage input VEREF+ > VEREF 14 AVec| V
1.4V < VEREF+ £ V(AVCC), VEREF- =0V,
fapciocLk = 5 MHz, ADC10SHTx = 0x0001, 2.2VI3V 85  +26| pA
Conversion rate 200 ksps
lverer+) Static input current P
l(vEREF) 1.4 V £ VEREF+ < V(AVCC), VEREF-= 0V,
fapciocLk = 5 MHZ, ADCL10SHTX = 0x1000, 2.2VI3V 1| pA
Conversion rate 20 ksps
Capacitance at ©)
Civerer+) VEREF+/- terminal See 10 WF

(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 12-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 yF 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/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 2.5 V, 0
REFON = 1 3V 251 $1.5%
Positive built-in REFVSEL = {1} for 2.0 V, o
VREF+ reference voltage |REFON =1 3V 199 £1.5% v
REFVSEL = {0} for 1.5 V,
REFON = 1 22VI3V 1.5 $1.5%
AVcc minimum REFVSEL ={0} for 1.5V 1.8
) voltage, Positive _
AVcc(min built-in reference REFVSEL = {1} for 2.0 V 2.3 \%
active REFVSEL = {2} for 2.5 V 2.8
fapciocik = 5 MHz,
REFON = 1, REFBURST = 0, REFVSEL = {0} for 1.5 V 3V 15.5 19 WA
Operating supply fapc10cLk = 5 MHZ
; ADC10CLK = )
e el AVee | REFON = 1, REFBURST = 0, REFVSEL = {1} for 2.0 V 3V 18 241 pA
fapciocik = 5 MHz,
REFON = 1, REFBURST = 0, REFVSEL = {2} for 2.5 V 3V 21 30 WA
Temperature m/
TCrers  coefficient of REFVSEL = (0, 1, 2}, REFON = 1 30 50 pEC
built-in reference®
SENSOR - erminal® |ADCIO0ON =1, Tx =30°C 3V 150 190
_ — 22V 765
) REFON = 1, INCH = OAh,
Vsensor  See ADC100N = 1, T4 = 30°C 3V 265 mv
v AVcc divider at ADCI00N = 1, INCH = 0Bh, 22V 1.06 11 114 v
MID channel 11 Vmip is ~0.5 x Vaycce 3V 1.46 15 1.54
Sample time
tsENsSOR required if ADC100N =1, INCH = 0Ah, 30 s
(sample) channel 10 is Error of conversion result <1 LSB H
selected®
Sample time
tymiD required if ADC100N =1, INCH = 0Bh, 1 s
(sample) channel 11 is Error of conversion result <1 LSB H
selected(”
AVcc = AVce (min) - AVecmax)s
PSRR_DC f;‘.’;vc‘iiirof]“glﬁt’i'g oy | TA=25°C, 120 300 | pviv
! REFVSEL = (0, 1, 2}, REFON = 1
| AVcc; '?:Vcc (min) = AVec(max),
Power supply Ta =25°C,
PSRR_AC rejection ratio (ac) |f=1kHz, AVpp =100 mV, 6.4 mviv
REFVSEL = (0, 1, 2}, REFON = 1
— Ta =-40°C to 85°C 23 125
Settling time of AVce = AVcc (min) - AVec(max) A 5
tseTTLE (8) REFVSEL = (0, 1, 2}, Ta=25°C 23 50 MS
reference voltage REFON = 0 —» 1
= Ta=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 tsensoron)-
(7) The on-time tymip(en) i included in the sampling time typmipsample); 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.
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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
Comparator operating _ _ _
supply current into CBPWRMD = 00, CBON =1, CBRSx =00 22V 31 38
IAVCCfCOMP AVcc. Excludes 3V 32 39 WA
Ir;;edreernce resistor CBPWRMD = 01, CBON = 1, CBRSx = 00 2213V 10 17
CBPWRMD =10, CBON =1, CBRSx =00 2.213V 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 23.0V 2.5 +1.5%
Quiescent current of CBREFACC = 0, CBREFLx = 01, CBRSx = 10, 22/3V 10 17 A
| resistor ladder into REFON =0, CBON =0 H
AVEC_REF  AVcc. Including REF CBREFACC = 1, CBREFLx = 01, CBRSx = 10
module current. REFON = 0, CBON = 0 ' t| 228V 33 40| pA
Common mode input
Vic range 0 Veerl|  V
v | t offset volt. CBPWRMD = 00 +20| mV
nput offset voltage
OFFSET P g CBPWRMD = 01, 10 +10| mv
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
Propagation delay, _ _
tep response time CBPWRMD =01, CBF =0 600 ns
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
top i Propagation delay with | CBFDLY =01 H
PD fiter filter active CBPWRMD = 00, CBON = 1, CBF = 1
CBFDLY = 10 o 18 341 s
CBPWRMD =00, CBON =1, CBF =1,
CBFDLY = 11 1.8 34 6.5 s
. CBON =0to CBON =1, CBPWRMD = 00, 01 1 us
teN cmP Comparator enable time
- CBON =0to CBON =1, CBPWRMD =10 15 us
Resistor reference _ _
ten_ REF onable time CBON=0to CBON =1 1.0 15| us
Temperature coefficient ppm/
TCrer reference 50| Tec
Reference voltage for a | VIN = reference into resistor ladder, VIN x VIN x VIN x
Ves_rer given tap n=0to 31 (+0.5)  (n+1)  (n+15)) Vv
/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 Vce MIN TYP MAX|UNIT
DVce Digital supply voltage Vipvss) =0V 1.8 36| V
18Vvs
PMMCOREVX =0 Vee £ 8 12.0
36V
20vs
. 5 inout PMMCOREVX = 1 Vee € 8 16.0
imer_D inpu 36V
frer,pco  reference clock MHz
frequency 22Vs
PMMCOREVX = 2 Vee € 8 20.0
36V
24V <
PMMCOREVX = 3 Vee € 8 255
36V
I(DVCC) at 64-MHz f _ _ _
: eference = 8 MHz, MCx = 0, TDHREGEN = 1,
l(6amHz) ;Z’n’iﬁgt‘?,,"!f’nﬁ';’ clock | TBHMx = 0, TDHCLKCR = 0 253 3201 A
I(DVCC) at 128-MHz f =1 _ _
i reference = 16 MHz, MCx = 0, TDHREGEN =1,
la28MHz) ;'emngat‘?)rcgoncl;’ clock | TDHMX = 0, TDHCLKCR = 0 285 3601 wA
I(DVCC) at 200-MHz f =9 _ _
: eference = 25 MHz, MCx = 0, TDHREGEN = 1,
l(200MHz) ;'emngat‘?)rcgoncl;’ clock | TDHMX = 0, TDHCLKCR = 1 280 345] wA
I(DVCC) at 256-MHz f =1 _ _
: eference = 16 MHz, MCx = 0, TDHREGEN = 1,
l(256MHz) ;'emngat‘?)rcgoncl;’ clock | TDHMX = 1, TDHCLKCR = 1 265 3301 wA
| | TDHCLKR 0, TDHCLKSR 16, TDHCLKTRIM = 64 22V 244 A
X =0, X = s =
0,16,64) l(pvce) 30V 205 325 M
| | TDHCLKR 1, TDHCLKSR 16, TDHCLKTRIM = 64 22V 282 A
X=1, X = s =
(1,16,64) lpvce) 30V 300 400 M
| | TDHCLKR 2, TDHCLKSR 16, TDHCLKTRIM = 64 22V 358 A
X=2, X = s =
21664) lovcey 30V 414 470] "

(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)

PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT
TDHREGEN = 0, TDHMx = 0, TDHCLKCR = 1,
TDHCLKRX = 0, TDHCLKSRX = 0, 39 56 73| MHz
f HRGG | 0.0, 60 TDHCLKTRIM = 64
requenc , O,
HRCG(0.064) quency TDHREGEN = 0, TDHMx = 1, TDHCLKCR = 1,
TDHCLKRX = 0, TDHCLKSRX = 0, 78 112 146| MHz
TDHCLKTRIM = 64
TDHREGEN = 0, TDHMx = 0, TDHCLKCR = 1,
TDHCLKRX = 0, TDHCLKSRX = 7, 46 66 86| MHz
f HRGG | 0.7, 62 TDHCLKTRIM = 64
requenc ,
HRCG(0.7.64) quency TDHREGEN = 0, TDHMx = 1, TDHCLKCR = 1,
TDHCLKRX = 0, TDHCLKSRX = 7, 92 132 172| MHz
TDHCLKTRIM = 64
TDHREGEN = 0, TDHMx = 0, TDHCLKCR = 1,
TDHCLKRX = 0, TDHCLKSRX = 15, 55 78 101| MHz
f HRGG | 0. 15, 61 TDHCLKTRIM = 64
requenc y y
HRCG(0.15.69) quency TDHREGEN = 0, TDHMx = 1, TDHCLKCR = 1,
TDHCLKRX = 0, TDHCLKSRX = 15, 110 156 202| MHz
TDHCLKTRIM = 64
TDHREGEN = 0, TDHMx = 0, TDHCLKCR = 1,
TDHCLKRX = 0, TDHCLKSRX = 23, 61 87  113| MHz
f HRGG | 0,23, 60 TDHCLKTRIM = 64
requenc y y
HRCG(0.23.69) quency TDHREGEN = 0, TDHMx = 1, TDHCLKCR = 1,
TDHCLKRX = 0, TDHCLKSRX = 23, 122 174  226| MHz
TDHCLKTRIM = 64
TDHREGEN = 0, TDHMx = 0, TDHCLKCR = 1,
TDHCLKRX = 0, TDHCLKSRX = 31, 36 56 73| MHz
f HRGG | 0,310 TDHCLKTRIM = 0
requenc y y
HRCG(0.31.0) quency TDHREGEN = 0, TDHMx = 1, TDHCLKCR = 1,
TDHCLKRX = 0, TDHCLKSRX = 31, 72 112 146| MHz
TDHCLKTRIM = 0
TDHREGEN = 0, TDHMx = 0, TDHCLKCR = 1,
TDHCLKRX = 0, TDHCLKSRX = 31, 68 98  128| MHz
f HRGG | 0,31, 60 TDHCLKTRIM = 64
requenc y y
HRCG(0.31.69) quency TDHREGEN = 0, TDHMx = 1, TDHCLKCR = 1,
TDHCLKRX = 0, TDHCLKSRX = 31, 136 196  256| MHz
TDHCLKTRIM = 64
TDHREGEN = 0, TDHMx = 0, TDHCLKCR = 1,
TDHCLKRX = 0, TDHCLKSRX = 31, 97 138  180| MHz
f HRGG | 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,
TDHCLKRXx = 1, TDHCLKSRX = 0, 71 101  131| MHz
f HRGG | 00,60 TDHCLKTRIM = 64
requenc , O,
HRCG(1.064) quency TDHREGEN = 0, TDHMx = 1, TDHCLKCR = 0,
TDHCLKRXx = 1, TDHCLKSRX = 0, 142 202 262| MHz
TDHCLKTRIM = 64
TDHREGEN = 0, TDHMx = 0, TDHCLKCR = 0,
TDHCLKRXx = 1, TDHCLKSRX = 7, 84 120  156| MHz
f HRGG | @7, 60 TDHCLKTRIM = 64
requenc ,
HRCG(L7.64) quency TDHREGEN = 0, TDHMx = 1, TDHCLKCR = 0,
TDHCLKRXx = 1, TDHCLKSRX = 7, 168 240  312| MHz
TDHCLKTRIM = 64
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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)

TDHCLKTRIM = 64

PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT
TDHREGEN = 0, TDHMx = 0, TDHCLKCR = 0,
TDHCLKRX = 1, TDHCLKSRX = 15, 97 139  182| MHz
f RO | @15 64) TDHCLKTRIM = 64
requenc y y
HRCG(1.15.64) quency TDHREGEN = 0, TDHMx = 1, TDHCLKCR = 0,
TDHCLKRX = 1, TDHCLKSRX = 15, 196 278  364| MHz
TDHCLKTRIM = 64
TDHREGEN = 0, TDHMx = 0, TDHCLKCR = 0,
TDHCLKRX = 1, TDHCLKSRX = 23, 108 154  200| MHz
f RO | @23 64 TDHCLKTRIM = 64
requenc y y
HRCG(1.23.64) quency TDHREGEN = 0, TDHMx = 1, TDHCLKCR = 0,
TDHCLKRX = 1, TDHCLKSRX = 23, 216 308  400| MHz
TDHCLKTRIM = 64
TDHREGEN = 0, TDHMx = 0, TDHCLKCR = 0,
TDHCLKRX = 1, TDHCLKSRX = 31, 68 97  126| MHz
f RO | @310 TDHCLKTRIM = 0
requenc y y
HRCG(1.31.0) quency TDHREGEN = 0, TDHMx = 1, TDHCLKCR = 0,
TDHCLKRX = 1, TDHCLKSRX = 31, 136 194  252| MHz
TDHCLKTRIM = 0
TDHREGEN = 0, TDHMx = 0, TDHCLKCR = 0,
TDHCLKRXx = 1, TDHCLKSRX = 31, 123 175  227| MHz
f RO | @31 64) TDHCLKTRIM = 64
requenc y y
HRCG(1.31.64) quency TDHREGEN = 0, TDHMx = 1, TDHCLKCR = 0,
TDHCLKRX = 1, TDHCLKSRX = 31, 246 350  454| MHz
TDHCLKTRIM = 64
TDHREGEN = 0, TDHMx = 0, TDHCLKCR = 0,
TDHCLKRX = 1, TDHCLKSRX = 31, 169 241  313| MHz
f RO | @31, 128 TDHCLKTRIM = 128
requenc y y
HRCG(1.31.128) quency TDHREGEN = 0, TDHMx = 1, TDHCLKCR = 0,
TDHCLKRXx = 1, TDHCLKSRX = 31, 338 482  616| MHz
TDHCLKTRIM = 128
TDHREGEN = 0, TDHMx = 0, TDHCLKCR = 1,
TDHCLKRX = 2, TDHCLKSRX = 0, 126 180  234| MHz
f RO | 2.0,60 TDHCLKTRIM = 64
requenc , O,
HRCG(2.064) quency TDHREGEN = 0, TDHMx = 1, TDHCLKCR = 1,
TDHCLKRX = 1, TDHCLKSRX = 0, 252 360  468| MHz
TDHCLKTRIM = 64
TDHREGEN = 0, TDHMx = 0, TDHCLKCR = 1,
TDHCLKRX = 2, TDHCLKSRX = 7, 138 208  270| MHz
f RO | 2.7 60 TDHCLKTRIM = 64
requenc ,
HRCG(2.7.64) quency TDHREGEN = 0, TDHMx = 1, TDHCLKCR = 1,
TDHCLKRX = 2, TDHCLKSRX = 7, 276 416  540| MHz
TDHCLKTRIM = 6
TDHREGEN = 0, TDHMx = 0, TDHCLKCR = 1,
TDHCLKRX = 2, TDHCLKSRX = 15, 168 240  312| MHz
f RO | .15 64 TDHCLKTRIM = 64
requenc y y
HRCG(2.15.69) quency TDHREGEN = 0, TDHMx = 1, TDHCLKCR = 1,
TDHCLKRX = 2, TDHCLKSRX = 15, 336 480  624| MHz
TDHCLKTRIM = 64
TDHREGEN = 0, TDHMx = 0, TDHCLKCR = 1,
TDHCLKRX = 2, TDHCLKSRX = 23, 189 270  351| MHz
f RO | .23 64 TDHCLKTRIM = 64
requenc y y
HRCG(2.23.69) quency TDHREGEN = 0, TDHMx = 1, TDHCLKCR = 1,
TDHCLKRX = 2, TDHCLKSRX = 23, 378 540  702| 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 =1,
TDHCLKRx = 2, TDHCLKSRx = 31, 119 170 221 | MHz
f HRGG | 2310 TDHCLKTRIM = 0
requency (2, 31,
HRCG(2.31.0) auency TDHREGEN = 0, TDHMx = 1, TDHCLKCR = 1,
TDHCLKRx = 2, TDHCLKSRx = 31, 238 340 442 | MHz
TDHCLKTRIM =0
TDHREGEN = 0, TDHMx = 0, TDHCLKCR =1,
TDHCLKRx = 2, DHCLKSRx = 31, 212 303 394 | MHz
f HRGG | 2 31 60 TDHCLKTRIM = 64
requency (2, 31,
HROG2.31.69 auency TDHREGEN = 0, TDHMx = 1, TDHCLKCR = 1,
TDHCLKRx = 2, DHCLKSRx = 31, 424 606 788 | MHz
TDHCLKTRIM = 64
TDHREGEN = 0, TDHMx = 0, TDHCLKCR =1,
TDHCLKRx =2, TDHCLKSRx = 31, 290 413 537 | MHz
f HRGG | 2 31 128) TDHCLKTRIM = 128
requency (2, 31,
HROG(2.31.128) auency TDHREGEN = 0, TDHMx = 1, TDHCLKCR = 1,
TDHCLKRx = 2, TDHCLKSRx = 31, 580 826 1074 | MHz
TDHCLKTRIM = 128
SHRCG,0.SR TDHCLKSRX step size in range 0 | Sprcasr = fHrRcasrRHRCGSR+1) - fHRCG(HRCGSR) 120 185  225| KkHz
SHRCG,LSR TDHCLKSRX step size inrange 1 | Sprcasr = fHrRcasRHRCGSR+1) - fHRCG(HRCGSR) 220 325  395| KkHz
SHRCG,2.5R TDHCLKSRX step size in range 2 | Syrcasr = fHrRcsRHRCGSR+1) - fHRCG(HRCGSR) 400 555 700 kHz
0 > = TDHCLKTRIMx < 16,
step size in range 0 55 85 120| kHz
15 < TDHCLKTRIMx < 49, SHRCGSR = fHRCGSRHRCGTRIMA1) -
SHRCG,0,TRIM step size in range 1 furco(rReaTRIM), TDHCLKSRX = X, Y, Z 40 85 130 kHz
48 < TDHCLKTRIMX < 64,
step size in range 2 40 85 120| kHz
0 > = TDHCLKTRIMx < 16, 90 160  230| kHz
step size in range 0
15 < TDHCLKTRIMX < 49, SHRCGSR = fHRCGSRHRCGTRIMA1) -
SHRCG.1,TRIM step size in range 1 furco(HreoTRIM, TDHCLKSRX = X, Y, Z 80 160 230 kHz
48 < T_DH‘CLKTRlMx < 64, 80 160 230| KHz
step size in range 2
0 > = TDHCLKTRIMx < 16,
step size in range 0 150 230 360 kHz
15 < TDHCLKTRIMx < 49, SHRCGSR = fHRCGSRHRCGTRIMA1) -
SHRCG.2,TRIM step size in range 1 furco(rReGTRIM), TDHCLKSRX = X, Y, Z 130 230 350 kHz
48 < TDHCLKTRIMX < 32,
step size in range 2 100 230 340| kHz
furce = 8 MHz, TDHREGEN =0 +0.17 | %/°C
. furce = 16 MHz, TDHREGEN =0 +0.16 | %/°C
dfyrcce/dT HRCG frequency temperature drift
furcs = 25 MHz, TDHREGEN = 0 +0.16 | %/°C
furce = 8/16/25 MHz, TDHREGEN = 1 0 %/°C
. furce = 8/16/25 MHz, TDHREGEN = 0 0 5[ %/V
dfyrce/dVeore  HRCG frequency voltage drift
furce = 8/16/25 MHz, TDHREGEN = 1 %IV
‘ Settling time TDHEN =0 -> 1, TDHFW =0 3 9| s
SETTLE Settling time, fast wake-up TDHEN =0 -> 1, TDHFW = 1 15| s
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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 +05| %

morsy Joraee 0 TOLRESEN 0. ToHELICR -0 ey o s we
frmzomo TOHXCTLL = TDMYCTLL 125 Voo 220V 126 128 130 Mz
o TOHXCTLL = TDMYCTLL 256 Voo 222V 250 256 262| MHz

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

PARAMETER TEST CONDITIONS MIN TYP  MAX| UNIT

External frequency tolerance 0 %

E(TDHREGEN = 1,64)  peenes ot a0 o \T/QC: 25y 1 ¥ %
croHREGEN - Lize) g 10 MYE ToMA. o0 TOHREGEN -1 [T -25, ; al %
croHREGEN - 1200) g 28 MIZ T0MM 0 TOHREGEN -1, [T, =266, ; al %
cronREGEN - L2s0) g 10 MY ToMN. -1 TOHREGEN -1 [T, -2, ; al %
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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 width to _
t7Dcap trigger input capture event fwax = 262 MHz 4 ns
Timer0_D input capture timing, matching between input _
. capture channels P1.6 to P1.7 and P2.0. fwax = 262 MHz L 2| LSB
TDO0.cap matching Timer0_D input capture timing, matching between input £ = 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. fwax = 262 MHz 2 3| LSB
TD1Lcap matching Timerl_D input capture timing, matching between input £ = 262 MHz 5 4| LsB
capture channels. P2.7 to P3.0 and P3.1. MAX =
Timer0_D and Timerl_D input capture timing, matching
tTD01,cap,matching between input capture channels. Timer0O_D is the fuax = 262 MHz 4 8| LSB
high-resolution clock generator source.
Rising edges,
fMAX =262 MHz 4 ns
Timer0_D output compare timing, matching between Falling edges
t1D0,comp,matching output capture compare channels for pins P1.6, P1.6 f _g 2629 MHZ 4| ns
and P2.0 MAX —
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, f _g 263 MI‘-|z 4| ns
and P2.3 MAX =
Rising and falling edges, 8l ns
fMAX =262 MHz
Timer0_D and Timerl_D output compare timing, All edges
tTD01,comp,matching matching between output compare channels. Timer0_D £ -926’2 MHz 8| LSB
is the high-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)

PARAMETER coNDIoNs | MIN© TYP MAX| UNIT
DVccpemierase)y Program and erase supply voltage 1.8 3.6 \%
lpcm Supply current from DV¢¢ during program 3 5/ mA
lERASE Supply current from DV¢¢ during erase 2 6.5| mA
IMERASE, |IBANK Supply current from DV during mass erase or bank erase 25| mA
tept Cumulative program time See M 16| ms
Program/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
telock, 1-(N-1) E)I/?glzrpwgrrsm time for each additional byte or word, except for last See @ 37 49| us
tBlock, N Block program time for last byte or word See @ 55 73| s
tmass Erase Mass erase time See @ 23 32| ms
tSeg Erase Segment erase time See @ 23 32| ms
FCLK MGR MCLK frequengy in marginal read mode (FCLK4.MGRO =1 or 0 1] Mz
’ FCTL4A.MGR1 = 1)

(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/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 CONTIIDEI?'-II-ONS MIN TYP MAX | UNIT
fspw Spy-Bi-Wire input frequency 2.2VI3V 0 20| MHz
tsBwW,Low Spy-Bi-Wire low clock pulse length 2.2VI3V 0.025 15| s
tsew, En Spy-Bi-Wire enable time (TEST high to acceptance of first clock edge)® 2.2VI3V 1| ps
tsBw Rst Spy-Bi-Wire return to normal operation time 15 100| s
. oK ) @ 22V 0 5| MHz
TCK input frequency, 4-wire JTAG 3V 0 10| Mhz
Rinternal Internal pull-down resistance on TEST 2.2VI3V 45 60 80| kQ

(1) Tools accessing the Spy-Bi-Wire interface need to wait for the minimum tsgw 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

T T ===

| .
l Pad Logic l
I D> |
|
4
Pad Logic |

=7

P

—_————

. _\ ! Pad Logic :
— |
| - |
| 1 |
0 Direction | 1 l
] 1 0: Input l l
,r 1: Output l
L I
o> ! !
—1 | i
I P1DS.x l— —
| 0: Low drive I
I 1: High drive l
< | * L |
EN Bus l
l Holder
D | |
——————— — — — —a—
P1IE.x
EN |
Q
P1IFG.x Set
P1SEL.x m—] Interrupt
Edge
P1IES.x m— Select |—

<

P1.0/PM_UCAOCLK/PM_UCBOSTE/A0/CB0
P1.1/PM_UCAOTXD/PM_UCAO0SIMO/A1/CB1
P1.2/PM_UCAORXD/PM_UCA0SOMI/A2/CB2
P1.3/PM_UCBOCLK/PM_UCAOSTE/A3/CB3
P1.4/PM_UCBO0SIMO/PM_UCBO0SDA/A4/CB4
P1.5/PM_UCB0SOMI/PM_UCBOSCL/A5/CB5
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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) :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/0) 110;0: 1 0 X 0
PM_UCAOTXD/ @
PM_UCAOSIMO/ PM_UCAOTXD/PM_UCAO0SIMO 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/0) 110;0: 1 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/0) 110;0: 1 0 X 0
PM_UCBOCLK/ @
PM_UCAOSTE/ UCBOCLK/UCAOQOSTE 0 1 default 0
A3/ @ 31
A3 X L INCHx = 3 X
CB3 CB3 X X 1(y=3)
P1.4/ P1.x (I/0) 110;0: 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/0) 110;0: 1 0 X 0
PM_UCBOSOMI/ @ 6
PM_UCBOSCL/ PM_UCBOSOMI/PM_UCBO0OSCL 0 1 default 0
A5/ A5®) 31
X 1 INCHx =5 X
CB5 CB5 X X X 1(y=5)

(1) X =Don't care

(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 A0/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

|
Pad Logic
P1REN.x = N\ ! gi |
|/ ' '
: |
| DV, 0 |
~ | DV, —{ 1 1 :
PIDIRx ®=—| 0 e | |
Direction 1
From Port Mapping =—| , 0: Input v g |
/r 1: Output | |
|
P10UT.x l—l—\()k i :
: | ™
From Port Mapping — 1 | |
| ] P1.6/PM_TDO_0
/l/ | P1DS.x =~ | p17/PM TDO 1
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
PIN NAME (PLx) FUNCTION CONTROL BITS/SIGNALS®
X X
P1DIR.x P1SEL.x P1MAP.x
P1.6/ 6 |P1.x (I/O) 1:0;0:1 0 X
PM_TDO0.0 TDO.CCIOA 0 1 default
TDO.TAO 1 1 default
P1.7/ 7 |P1x (I/O) 1:0;0:1 0 X
PM_TDO.1 TDO.CCI1A 0 1 default
TDO.TA1 1 1 default

(1) X =Don't care
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Port P2, P2.0 to P2.7, Input/Output With Schmitt Trigger

[———————————

Pad Logi |
P2REN.x B ™\ | ad bogle |
: DV, 0 I
DV,, 1 1 I
P2DIRx B—] O o I [
Direction 1
From Port Mapping B—{ , 0: Input I § l
,r 1: Output | l
P20UT.x I-l—\()k | I
v I :
From Port Mapping — 1 l I
B P2.0/PM_TDO_2
| P2DS.x M- | P21/PM_TD1Z0
P2SEL.x 0: Low drive P2.2/PM_TD1 1
| 1: High drive l P2.3IPM:TD1:2
P2NX < 1 7 P2.4/PM_TECOCLR/PM_TECOFLT2/PM_TD0_0
I | P2.5/PM_TECOFLT0/PM_TDO_1
I P2.6/PM_TECOFLT1/PM_TDO0_2
| | P2.7/PM_TEC1CLR/PM_TECAFLT1/PM_TD1_0
To Port Mapping l
——e— e ———
EN U
P2IRQ.x
Q
P2IFG.x Set
P2SEL.x Interrupt
Edge
P2IES.x m— Select |—

72

Submit Documentation Feedback

Copyright © 2010-2011, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLAS619C&partnum=MSP430F51x2

13 TEXAS
INSTRUMENTS

www.ti.com

MSP430F51x1
MSP430F51x2

SLAS619C —AUGUST 2010—-REVISED NOVEMBER 2011

Table 48. Port P2 (P2.0 to P2.7) Pin Functions

CONTROL BITS/SIGNALS

PIN NAME (P2.x) | x FUNCTION
P2DIR.x P2SEL.x P2MAP.x
pP2.0/ 0 | P2.x (I/0) :0;0:1 0 X
PM_TDO0.2 TDO.CCI2A 0 1 default
TDO.TA2 1 1 default
pP2.1/ 1 | P2.x (I/0) :0;0:1 0 X
PM_TD1.0 TD1.CCIOA 1 default
TD1.TAO 1 default
pP2.2/ 2 |P2.x (I/O) :0;0:1 0 X
PM_TD1.1 TD1.CCI1A 0 1 default
TD1.TAl 1 default
P2.3/ 3 |P2.x (I/O) :0;0:1 0 0
PM_TD1.2 TD1.CCI2A 0 1 default
TD1.TA2 1 default
P2.4/ 4 | P2.x (1/0) 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/ 5 | P2.x (I/O) :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/ 6 |P2.x (I/O) :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
P2.7/ 7 | P2.x (/0) 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

r—— - == T =T 77— 77—/ I
| Pad Logic
P3REN.x ®  \ | :
—q J
' |
| DV,, —{ 0 |
' o |
| DV, —| 1 1 |
P3DIR.x -—} L | |
Direction 1
From Port Mapping ®=—| , 0: Input H |
/r 1: Output | |
|
| I
P30UT.x -L\ok : I
From Port Mapping —1 1 | |
’f | 1 P3.0/PM_TEC1FLT2/PM_TD1_1
P3DS.x = — | - g
P3SEL.x ® ® | 0- Low drive | P3.1/PM_TEC1FLT0/PM_TD1_2
| 1: High drive |
P3IN.x <« l /7 |
; |
' |
To Port Mapping 4 D L |
______________ -
Table 49. Port P3 (P3.0 and P3.1) Pin Functions
CONTROL BITS/SIGNALS
PIN NAME (P3.x) | x FUNCTION
P3DIR.x P3SEL.x P3MAP.x
P3.0/ 0 | P3.x (I/O) :0;0:1 0 X
PM_TEC1FLT2/ TD1.TECXFLT2, controlled by enable signals in the TEC1 module 0 1 default
PM_TD1.1 TD1.TAl 1 1 default
P3.1/ 1 | P3.x (I/O) 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

|- " - "——-"=——-""= a
l Pad Logic l
To Comparator_B l DTQ I
From Comparator_B 4 | l
CBPDy 0 _:
P3REN.x B ]/ l l
P3MAP.x = PMAP_ANALOG | l
I DV 0 O l
| DV, —{ 1 1 |
P3DIRx B—] 0 - | "_CDi |
Direction
From Port Mapping B— 1 0: Input l l
’r 1: Output | I
¥

P30UT.x l-l—\()k I !
From Port Mapping — 1 l i

l P3DS.x B —
P3SEL.x | 0: Low drive I
1: High drive l
P3IN.x <« : T 4 |
o [ Holder |
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) X FUNCTION

P3DIR.x P3SEL.x P3MAP.x CBPD.y
P3.2/ 2 | P3.x (1/0) 1:0;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/ 3 | P3.x (1/0) 1:0;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't care
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Port P3, P3.4, Input/Output With Schmitt Trigger

|- " - "——-"=——-"= a
l Pad Logic |
To DCO | DTQ |
ROSC \ 4 l l
cBPDym—— ) DHe—  F T T T T T T T TT= _:
|
) |
P3REN.x B ¥
— |
P3MAP.x = PMAP_ANALOG
I bV, — 0 o |
| DV, — 1 1 |
P3DIRx B—| 0 o |"—C! ) |
Direction
From Port Mapping ®—{ , 0: Tnput e l l
( 1: Output | l
L)
P30UT.x I-l—\()k l l
(]
From Port Mapping —] 1 l ! D
| P3DS.X m— — | P3.4/PM_TDOCLK/PM_MCLK/(ROSC)
P3SEL.x I 0: Low drive |
l 1: High drive l
P3IN.x «¢ @ /7]
| —~ |
us l
l Holder
I |

To Port Mapping

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

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

(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
| |
| |
To ADC10 | i
| |
INCHx = x i |
L J
| |
To Comparator_B : DTQ—:—«
From Comparator_B ® : :
CBPDy ® no T ':
P3REN.x = \' : :
P3MAP.x = PMAP_ANALOG ®————] : :
DV,, 0
| O |
| DV, 1 1 |
P3DIR.x =—| 0 | o—d |
Direction /
From Port Mapping &—| 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 < { ? T |
I Bus I
| Holder |
To Port Mapping < b I |
e e e e e e ——— — — — — —— -
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 (I/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 NN s ':
I
P3REN.x ® \ : :
P3MAP.x = PMAP_ANALOG B—F———] : :
DV, 0
I ss 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 ? /7 |
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 (1/10)® 10;0: 1 0 X 0
PM_TAO0.1/ TAO0.CCRO 0 1 default 0
TAO.TA1 1 1 default 0
VEREF-/ VEREF-® X 1 31 X
A7/ ®3) 31
AT X 1 INCHx = 7 X
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 | |
I I
INCHx = x i |
N Jd
I Pad Logic I
To Comparator_B : DTQ—:—«
From Comparator_B * : :
cBPDys—— ) e  PTTTTT T T T T T T 1
I I
Pad Logic
P3REN.x = \' : :
P3MAP.x = PMAP_ANALOG =—— I I
I DV, —{ 0 I
: DV, —| 1 1 :
= —( \
P3DIR-x 0 Direction [ } |
From Port Mapping =— 4 0: Tnput | |
/r 1: Output | |
L I I
P30UT.x 0 I I —
From Port Mapping — 1 I I/( :
/f | p3Dsx = —J I P3.7/PM_TAO0_0/A6/CB10
P3SEL.x = L | 0: Low drive |
| 1: High drive |
P3IN.x <« i ? /7 |
I Bus |
| Holder I
To Port Mapping < D [ |
e e 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/ TAO0.CCRO 0 1 default 0
TAO.TAO 1 1 default 0
A6/ @ 31
A6 X ! INCHx = 6 X
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

|
|
I
From Comparator_B * !
|
° | |
CBPD.x L

PJREN.x

U

DV, —{ 0

PJDIR.x =—]

DVCC —

I
I
I
I
I
I
I
I
!
I
£ '
PJOUT.x 00 |
I
I
I
I
I
I
I
!
I
I
I

D

|
|
|
|
|
DV, —{ 1 1 :
|
|
|
|
|

—

PJDS.0 ® — PJ.0/SMCLK/TDO/CB6

0: Low drive
1: High drive

From JTAG 01
SMCLK 10
1"

PJSEL.x AT
From JTAG = ®

PJIN.x

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
| Pad Logic -:
To Comparator_B } |
I
From Comparator_B L2 i :
- ___ y
CBPD.x | |
—\ I
PJREN.X ® | |
— | |
' |
' |
DV,
I o 0— |
| DV, 1 I
PJDIR.xI—ﬁ I‘,C—\ I
e o :
| |
ot ' ) |
PJOUT.x 00 | } C>
From JTAG 01 : l’( : PJ.1/MCLK/TDI/TCLK/CB7
_ PJ.2/ADC10CLK/TMSCBS8
MCLK/ADC10CLK/ACLK 10 | EJLD:";‘ dri:; | PJ-3/ACLKITCKICBY
" | 1: High drive |
PJSEL.x 24 | |
From JTAG = : |
I
PJIN.X <« : T 4 |
| Bus I
| 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 &B/B% CBPDY
PJ.O/ PJ.x (1/10)®@ 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 (110)@ 1:0;0:1 0 0
MCLK/ MCLK 1 1 0 0
TDITCLK/ TDITCLK® ©4) X X 1
CB7 CB7 0 X 0 1y=7)
PJ.2/ PJ.x (1/10)@ 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 (110)@ 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 |
From XT1 ' :
: |
______________ 4
r |
PJREN.4 » ) |
| —j l
|
: DV,,—{ 0 |
| DV, 1 1 :
\ l
PJDIR4 0 . |
1 | ) |
o ? — !
N i !
PJOUT.4 0 I |
Dvss — 1 | |
PUSEL5 — T : PJDSx m—1 | PJ4XOUT
® t 0: Low drive |
XT1BYPASS —C_J | 1: High drive |
PJIN.4 < | a I
| ! ,
| Bus
| Keeper |
Module X IN < D I :
e -
Copyright © 2010-2011, Texas Instruments Incorporated Submit Documentation Feedback 83


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLAS619C&partnum=MSP430F51x2

MSP430F51x1 .

I3 TEXAS
MSP430F51X2 INSTRUMENTS
SLAS619C —AUGUST 2010—REVISED NOVEMBER 2011 www.ti.com

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) :0;0:1 X
1 1
XOuT XOUT crystal mode® X X 1 0
PJ.5/ 5 [PJ.x (110)® 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 1/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

—— e ——— — ——————— -
: Pad Logic I
To Comparator_B | DTQ—:—«
From Comparator_B L : :
k- 1
CBPD..x | I
PJREN.x = )} ! I
B I I
—d J
| [
: DV, — 0 |
\ I DV, 1 1 :
PJDIRx ®—] 0 . 199 ) I
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®
PIN NAME (PJ.x) | x FUNCTION
PJDIR.x PJSEL .x CBPD.y
PJ.6/ 6 | PJ.x (1/0) 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®

. 'F5172 'F5172 'F5152 'F5152 'F5132 'F5132
Description Address bsyltzees 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 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 O0x0A 0A O0x0A 0A O0x0A 0A
Lot/Wafer ID 0x1A0A 4 per unit per unit per unit per unit per unit per unit
Die X position 0x1AOEh 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
c aﬁi'g?alt?on ADC10 Calibration Tag Ox1A14 1 ox13 0x13 ox13 0x13 ox13 0x13
ADC10 Calibration length Ox1A15 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%%;ZSé\éan;gfregg?ée O0x1A1A 2 per unit per unit per unit per unit per unit per unit
ATDe%‘l).ISé\énFégfreges?ée 0x1A1C 2 per unit per unit per unit per unit per unit per unit
A%?nézoé\énz(éfre;g?ée O0x1A1Eh 2 per unit per unit per unit per unit per unit per unit
A‘ll?e(r:n;._oé\e/anfre{;E?ée 0x1A20 2 per unit per unit per unit per unit per unit per unit
A%?ﬂ;'lsé\e/nzgfregg?ée 0x1A22 2 per unit per unit per unit per unit per unit per unit
A%%;‘_%angeég?ée 0x1A24 2 per unit per unit per unit per unit per unit per unit
DU e REF Tag 0x1A26 1 0x12 0x12 0x12 0x12 0x12 0x12
REF length 0x1A27 1 0x06 0x06 0x06 0x06 0x06 0x06
REF 1.5-V Reference 0x1A28 2 OxFF OxFF OxFF OxFF OxFF OxFF
REF 2.0-V Reference Ox1A2A 2 OxFF OxFF OxFF OxFF OxFF OxFF
REF 2.5-V Reference 0x1A2C 2 OXFF OxFF OxFF OxFF OxFF OxFF
Jimer_Do Timer_D Tag OX1A2E 1 ox15 ox15 ox15 0x15 ox15 ox15
Timer_D length 0x1A30 1 0x08 0x08 0x08 0x08 0x08 0x08
Timer_D 64-MHz frequency 0x1A31 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
g;ﬂ‘;;—tiln Timer_D Tag 0x1A38 1 0x15 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
Timer_D 128-MHz frequency 0x1A3C 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)

. 'F5172 'F5172 'F5152 'F5152 'F5132 'F5132
Description Address bSyItZ:s RSB DA RSB DA RSB DA

Value Value Value Value Value Value

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
gzgign;t'g'r 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 0x8E70 Ox8E70
Delimiter 0x1A4C 1 0x00 0x00 0x00 0x00 0x00 0x00
Peripheral count 0x1A4D 1 0x1C 0x1C 0x1B 0x1B 0x1B 0x1B

MSP430CPUXV2 0x1A4E 2 0x2300 0x2300 0x2300 0x2300 0x2300 0x2300

SBW 0x1A50 2 0xOF00 0x0F00 0x0F00 0x0F00 0x0F00 0x0F00

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 0x1A5A 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 0x5F10 0x5F10 0x5F10 0x5F10 0x5F10

TAO Ox1A72 2 0x610A 0x610A 0x610A 0x610A 0x610A 0x610A

MPY32 Ox1A74 2 0x8510 0x8510 0x8510 0x8510 0x8510 0x8510

DMA with 3 channels Ox1A76 2 0x4704 0x4704 0x4704 0x4704 0x4704 0x4704

USCI_A0/BO 0x1A78 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_AO 0x1A8B 1 0x90 0x90 0x90 0x90 0x90 0x90
USCI_BO 0x1A8C 1 0x91 0x91 0x91 0x91 0x91 0x91
ADC10_A 0x1A8D 1 0xDO 0xDO 0xDO 0xDO 0xDO 0xDO
TAO0.CCIFGO Ox1A8E 1 0x60 0x60 0x60 0x60 0x60 0x60
TAO.CCIFG1..4 Ox1A8F 1 0x61 0x61 0x61 0x61 0x61 0x61
DMA 0x1A90 1 0x46 0x46 0x46 0x46 0x46 0x46
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Table 58. 'F51x2 Device Descriptor Table® (continued)

. 'F5172 'F5172 'F5152 'F5152 'F5132 'F5132
Description Address bSyItZ:s RSB DA RSB DA RSB DA
Value Value Value Value Value Value
TEC_1 0x1A91 1 OXx6E OX6E Ox6E 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?;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
ADCI0 ADC10 Calibration Tag 0x1A14 1 0X05 0X05 0x05 0x05 0x05 0x05
Calibration
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
REF User REF Tag 0X1A26 1 ox12 0x12 ox12 0x12 0x12 0x12
Calibration
REF length Ox1A27 1 0x06 0x06 0x06 0x06 0x06 0x06
REF 1.5-V Reference 0x1A28 2 OxFF OxFF OxFF OxFF OxFF OxFF
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
Timer_DO )
Calibration Timer_D Tag Ox1A2E 1 0x15 0x15 0x15 0x15 0x15 0x15

(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
Timer_D length 0x1A30 1 0x08 0x08 0x08 0x08 0x08 0x08
Timer_D 64-MHz frequency 0x1A31 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
CT ;W;;—tﬁ)ln Timer_D Tag 0x1A38 1 0x15 0x15 0x15 0x15 0x15 0x15
Timer_D length 0x1A39 1 0x08 0x08 0x08 0x08 0x08 0x08
Timer_D 64-MHz frequency O0x1A3A 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
gzgé’ng{g: 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 0x8A08 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 0x0F00 Ox0F00 0xO0F00 0x0F00 0xO0F00 0x0F00
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 O0x610A Ox610A 0x610A 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 0x1A78 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
Interrupts COMP_B 0x1A83 1 0xA8 0xA8 O0xA8 0xA8 O0xA8 0xA8
TEC_O 0x1A84 1 0x6D 0x6D 0x6D 0x6D 0x6D 0x6D
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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
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_AO 0x1A88 1 0x90 0x90 0x90 0x90 0x90 0x90
USCI_BO 0x1A89 1 0x91 0x91 0x91 0x91 0x91 0x91
ADC10_A O0x1A8A 1 0xD0 0xD0 0xD0 0xD0 0xD0 0xD0
TAO.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 %);1&9;9' 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.
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PACKAGE OPTION ADDENDUM

PACKAGING INFORMATION

Orderable Device status (¥ Package Type Package Pins Package Qty Eco Plan @ Lead/ MSL Peak Temp (3) Samples
Drawing Ball Finish (Requires Login)
MSP430F5131IDA ACTIVE TSSOP DA 38 40 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR
& no Sh/Br)
MSP430F5131IDAR ACTIVE TSSOP DA 38 2000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR
& no Sh/Br)
MSP430F5131IRSBR ACTIVE WQFN RSB 40 3000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR
& no Sh/Br)
MSP430F5131IRSBT ACTIVE WQFN RSB 40 250 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR
& no Sh/Br)
MSP430F5132IDA ACTIVE TSSOP DA 38 40 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR
& no Sh/Br)
MSP430F5132IDAR ACTIVE TSSOP DA 38 2000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR
& no Sh/Br)
MSP430F5132IRHAR OBSOLETE VQFN RHA 40 TBD Call Tl Call Tl
MSP430F5132IRHAT OBSOLETE VQFN RHA 40 TBD Call Tl Call Tl
MSP430F5132IRSBR ACTIVE WQFN RSB 40 3000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR
& no Sh/Br)
MSP430F5132IRSBT ACTIVE WQFN RSB 40 250 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR
& no Sh/Br)
MSP430F5151IDA ACTIVE TSSOP DA 38 40 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR
& no Sh/Br)
MSP430F5151IDAR ACTIVE TSSOP DA 38 2000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR
& no Sh/Br)
MSP430F5151IRSBR ACTIVE WQFN RSB 40 3000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR
& no Sh/Br)
MSP430F5151IRSBT ACTIVE WQFN RSB 40 250 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR
& no Sh/Br)
MSP430F5152IDA ACTIVE TSSOP DA 38 40 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR
& no Sh/Br)
MSP430F5152IDAR ACTIVE TSSOP DA 38 2000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR
& no Sh/Br)
MSP430F5152IRHAR OBSOLETE VQFN RHA 40 TBD Call TI Call TI
MSP430F5152IRHAT OBSOLETE VQFN RHA 40 TBD Call Tl Call Tl
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Orderable Device status (¥ Package Type Package Pins  Package Qty Eco Plan @ Lead/ MSL Peak Temp @ Samples
Drawing Ball Finish (Requires Login)
MSP430F5152IRSBR ACTIVE WQFN RSB 40 3000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR
& no Sh/Br)
MSP430F5152IRSBT ACTIVE WQFN RSB 40 250 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR
& no Sh/Br)
MSP430F5171IDA ACTIVE TSSOP DA 38 40 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR
& no Sh/Br)
MSP430F5171IDAR ACTIVE TSSOP DA 38 1 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR
& no Sh/Br)
MSP430F5171IRSBR ACTIVE WQFN RSB 40 3000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR
& no Sh/Br)
MSP430F5171IRSBT ACTIVE WQFN RSB 40 250 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR
& no Sh/Br)
MSP430F5172CY PREVIEW DIESALE Y 0 550 Green (RoHS Call Tl N/ A for Pkg Type
& no Sh/Br)
MSP430F5172CYS PREVIEW WAFERSALE YS 0 1 TBD Call Tl Call Tl
MSP430F5172IDA ACTIVE TSSOP DA 38 40 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR
& no Sh/Br)
MSP430F5172IDAR ACTIVE TSSOP DA 38 2000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR
& no Sh/Br)
MSP430F5172IRHAR OBSOLETE VQFN RHA 40 TBD Call Tl Call Tl
MSP430F5172IRHAT OBSOLETE VQFN RHA 40 TBD Call Tl Call Tl
MSP430F5172IRSB OBSOLETE WQFN RSB 40 TBD Call Tl Call Tl
MSP430F5172IRSBR ACTIVE WQFN RSB 40 3000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR
& no Sh/Br)
MSP430F5172IRSBT ACTIVE WQFN RSB 40 250 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR
& no Sh/Br)
XMS430F5172IDAR OBSOLETE TSSOP DA 38 TBD Call Tl Call Tl
XMS430F5172IRSBR OBSOLETE WQFN RSB 40 TBD Call T Call TI

® 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.
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@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sh/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): TlI'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.

Important Information and Disclaimer: The information provided on this page represents TI'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 TI 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
4 —» =K e— P1—
% { I
T
@ ’@ @ T l
A 1 {
Cavity (€ A0 P,
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
K0 | Dimension designed to accommodate the component thickness
v w Overall width of the carrier tape
P1 Pitch between successive cavity centers
E W1
TAPE AND REEL INFORMATION
*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 | 24.0 Q1
MSP430F5131IRSBR WQFN RSB 40 3000 330.0 12.4 5.3 53 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 24.0 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 24.0 Q1
MSP430F5151IRSBR WQFN RSB 40 3000 330.0 12.4 5.3 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 | 24.0 Q1
MSP430F5152IRSBR WQFN RSB 40 3000 330.0 12.4 5.3 5.3 15 8.0 12.0 Q2
MSP430F5152IRSBT WQFN RSB 40 250 180.0 12.4 5.3 53 1.5 8.0 12.0 Q2
MSP430F5171IDAR TSSOP DA 38 1 330.0 24.4 8.6 13.0 1.8 12.0 24.0 Q1
MSP430F5171IRSBR WQFN RSB 40 3000 330.0 12.4 53 5.3 15 8.0 12.0 Q2
MSP430F5171IRSBT WQFN RSB 40 250 180.0 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 24.0 Q1
MSP430F5172IRSBR WQFN RSB 40 3000 330.0 12.4 5.3 53 1.5 8.0 12.0 Q2
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TAPE AND REEL BOX DIMENSIONS

- E
~_ s
e 7
\\y/ P -\\{//
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
MSP430F5131IDAR TSSOP DA 38 2000 346.0 346.0 41.0
MSP430F5131IRSBR WQFN RSB 40 3000 346.0 346.0 29.0
MSP430F5131IRSBT WQFN RSB 40 250 210.0 185.0 35.0
MSP430F5132IDAR TSSOP DA 38 2000 346.0 346.0 41.0
MSP430F5132IRSBR WQFN RSB 40 3000 346.0 346.0 29.0
MSP430F5132IRSBT WQFN RSB 40 250 210.0 185.0 35.0
MSP430F5151IDAR TSSOP DA 38 2000 346.0 346.0 41.0
MSP430F5151IRSBR WQFN RSB 40 3000 346.0 346.0 29.0
MSP430F5151IRSBT WQFN RSB 40 250 210.0 185.0 35.0
MSP430F5152IDAR TSSOP DA 38 2000 346.0 346.0 41.0
MSP430F5152IRSBR WQFN RSB 40 3000 346.0 346.0 29.0
MSP430F5152IRSBT WQFN RSB 40 250 210.0 185.0 35.0
MSP430F5171IDAR TSSOP DA 38 1 346.0 346.0 41.0
MSP430F5171IRSBR WQFN RSB 40 3000 346.0 346.0 29.0
MSP430F5171IRSBT WQFN RSB 40 250 210.0 185.0 35.0
MSP430F5172IDAR TSSOP DA 38 2000 346.0 346.0 41.0
MSP430F5172IRSBR WQFN RSB 40 3000 346.0 346.0 29.0
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MECHANICAL DATA

RHA (S*P\/QFN*N40> PLASTIC QUAD FLATRPACK NO—LEAD
6,15
585
8]
B 6,15
\ 5,85
Pin 1 Index Area /40'
Top and Bottom
1
1,00
0.80 0,20 Nominal
' Lead Frame
Q O 08 C ? L.—ﬂ—ﬂ—ﬂ—ﬂ—ﬂ—ﬂ—ﬂ—ﬂ—ﬂ—ﬂ—;li Seating P‘Oﬂe
.
0,00
0,50
40X =
1 0 f 0,30
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40 O {71
P THERMAL PAD 9
) | d
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) SIZE AND SHAPE =
O SHOWN ON SEPARATE SHEET
) q
) I d
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30 0,50
+0,07
40X 0,23 2005
0,10 W]c[AlB]
@005 mc

Bottom View

4204276 /E 06 /11

NOTES:  A. Al linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M-1994.

B. This drawing is subject to change without notice.

C. QFN (Quad Flatpack No—Lead) Package configuration.

D. The package thermal pad must be soldered to the board for thermal and mechanical performance.

E. See the additional figure in the Product Data Sheet for details regarding the exposed thermal pad features and dimensions.
F

Package complies to JEDEC MO—-220 variation VJJD-2.
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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
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40 O CH f
P THERMAL PAD d
) ani
) ani
=) SIZE_AND SHAPE Jani
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) ani
)
- ! {;f—i
= J{EO
nAnNANNAAN
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.

3

TEXAS
INSTRUMENTS

www.ti.com



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.

5,50£0,10

1 10
.0 Juuuujuuuuyu y
= | Exposed Thermal Pad
SIREe-
D) (@
> | g
D) (@
D) (@
) (@
D) ‘ (@
= 120
INANANANAIIANANANANA
30 21
—  3,50£0,10 —»

Exposed Thermal Pad Dimensions

Bottom View

4207183-2/K  07/11

NOTE: A. 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)
36%0,4 —— 36x0,4 —=—
w0\ 0000000001 UUUUUUUUU 1
\ — | ‘:: |
— son004 = [0
:) O O O X XY, (:
—> G —> er) | E—
—> G —> | E—
—— | 0O O O |=3541560 — — == 415 59
o O O O (G :L> 4><w 4 | >< ’ [GE—
—> [ EE— —> ' E—
/,) T N S— [ —
Q00R000000p™ Jooooaonon
AN / AN
j 3,9 N 4,15
o A N 5,95
4 50 — AN _
/’ N (64% Printed Solder Coverage by Area)
/ \\
i N ' )
I Non Solder Mask Defined Pad N [Example Via Layout Design
j . Via layout may vary depending
/ /,/-/"’ """ "“\\\ \*\ on layout constraints
|2 S AN (Note D, F)
/’ . Example .
// — | |=— (), \\ Solder Mask Opening \\\ 9x00,3
/// ~
/, (Note F) @/ 6410
/
1 ‘ Example © O ©
| » - ] Pad Geometry
\ I 0,2 / (Note C) © o O
Y 0,05 /
N, Al Around / 6x1.0
. v

4209309-2/1 07/11

NOTES:  A. Al 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. SLUAZZ], 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

7,40

it

\ »‘ ‘« 56x0,65

J: 38><

i%ﬁ%%%%%%

»‘ ‘« 58x0,50

Qi

»‘ ‘« 56x0,65

//" h S Example Solder Mask Opening
/ .,
< See Note D
0,07 —=fj=— / ( )
— \
/ All" Around \
/ |
;‘/ \
“ !
| 1,80 |
‘\ ~~ ,‘/
,.\ ’/
\ ’/'
\
/
! 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, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

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

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

TI does not warrant or represent that any license, either express or implied, is granted under any Tl patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from Tl 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 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. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

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

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications
Audio www.ti.com/audio Communications and Telecom www.ti.com/communications
Amplifiers amplifier.ti.com Computers and Peripherals www.ti.com/computers
Data Converters dataconverter.ti.com Consumer Electronics Www.ti.com/consumer-apps
DLP® Products www.dlp.com Energy and Lighting www.ti.com/energy
DSP dsp.ti.com Industrial www.ti.com/industrial
Clocks and Timers www.ti.com/clocks Medical www.ti.com/medical
Interface interface.ti.com Security www.ti.com/security
Logic logic.ti.com Space, Avionics and Defense  www.ti.com/space-avionics-defense
Power Mgmt power.ti.com Transportation and Automotive www.ti.com/automotive
Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video
RFID www.ti-rfid.com
OMAP Mobile Processors www.ti.com/omap
Wireless Connectivity www.ti.com/wirelessconnectivity

TI E2E Community Home Page e2e.ti.com

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2011, Texas Instruments Incorporated
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