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MSP430FR604x, MSP430FR504x 16-MHz MCU up to 64KB FRAM, 12-Bit High-Speed
8-MSPS Sigma-Delta ADC, and Integrated Sensor AFE

1 Features

Best-in-class ultrasonic water and gas flow
measurement with ultra-low power consumption

— Water

112.5-ps differential time of flight (dToF)
accuracy at low to high flow rates and
across operating temperature

Achieves +1% accuracy for a wide dynamic
range of 500:1

Ability to measure a maximum flow rate

of 8800 liters/hour (40 gallons/minute) on
25-mm diameter pipe

Ability to detect a minimum flow rate of

<1 liter/hour (0.005 gallons/minute)
High-precision time measurement resolution
of <5 ps

Approximately 3-uA overall current
consumption with 1 set of results per second
Ability to support a wide pipe sizes with
15-mm to 1000-mm diameter

Gas

+250-ps differential time of flight (dToF)
accuracy at low to high flow rates and
across operating temperature

Achieves 1% accuracy up to 12000 liters/
hour with a wide dynamic range of 200:1
Ability to measure a flow rate >25000 liters/
hour

Ability to detect a minimum flow rate of

<3 liters/hour

High-precision time measurement resolution
of <100 ps

Approximately 20-yA overall current
consumption with 1 set of results per second

Compliant to and exceeds 1SO4064, OIML R49,
EN 14236 and EN 1434 accuracy standards
Ability to directly interface standard ultrasonic
sensors (up to 2.5 MHz)

Integrated analog front end — Ultrasonic Sensing
Solution (USS_A) that includes

Programmable pulse generator (PPG) to
generate multi-tone pulses at various
frequencies

Integrated PHY with low-impedance output
driver (4 Q) to control input and output channels
High-performance high-speed 12-bit analog-to-
digital converter (SDHS) with output data rates
up to 8 Msps

T Minimum supply voltage is restricted by SVS levels (see the SVS specifications)
2 The RTC is clocked by a 3.7-pF crystal.

— Programmable gain amplifier (PGA) with gain of
—6.5 dB to 30.8 dB

— High-performance PLL with output range of
68 to 80 MHz

Metering test interface (MTIF)

— Pulse generator and pulse counter

— Pulse rates up to 1024 pulses per second (p/s)

— Count capacity up to 65535 (16 bit)

— Operates in LPM3.5 with 200 nA (typical)

Low-energy accelerator (LEA)

— Operation independent of CPU

— 8KB of RAM shared with CPU

— Efficient 256-point complex FFT: Up to 40x
faster than Arm® Cortex®-M0+ core

Embedded microcontroller

— 16-bit RISC architecture up to 16-MHz clock

— Wide supply voltage range: 1.8 Vto 3.6 V'

Optimized ultra-low-power modes

— Active mode: approximately 120 yA/MHz

— Standby mode with real-time clock (RTC)
(LPM3.5): 450 nA 2

— Shutdown (LPM4.5): 30 nA

Ferroelectric random access memory (FRAM)

— Up to 64KB of nonvolatile memory

— Ultra-low-power writes

— Fast write at 125 ns per word (64KB in 4 ms)

— Unified memory = program + data + storage in
one single space

— 10" write cycle endurance

— Radiation resistant and nonmagnetic

Intelligent digital peripherals

— 32-bit hardware multiplier (MPY)

— 6-channel internal DMA

— RTC with calendar and alarm functions

— 6 16-bit timers with up to 7 capture/compare
registers each

— 32-bit and 16-bit cyclic redundancy check
(CRC)

High-performance analog

— 12-channel analog comparator

— 12-bit ADC featuring window comparator,
internal reference, and sample-and-hold, with
up to 8 external input channels

— Integrated LCD driver with contrast control for
up to 248 segments

Multifunction input/output ports

— All pins support capacitive-touch capability with
no need for external components

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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Accessible bit-, byte-, and word-wise (in pairs)
Edge-selectable wake from LPM on all ports
Programmable pullup and pulldown on all ports .

* Code security and encryption

128- or 256-bit AES security encryption and
decryption coprocessor

Random number seed for random number
generation algorithms

IP encapsulation protects memory from
external access

FRAM provides inherent security advantages

« Enhanced serial communication

Up to 4 eUSCI_A serial communication ports
+ UART with automatic baud-rate detection
* IrDA encode and decode

Up to 2 eUSCI_B serial communication ports

— 32-kHz crystals (LFXT)

— High-frequency crystals (HFXT)

Development tools and software

— Ultrasonic Sensing Design Center graphical
user interface

— Ultrasonic Sensing Software Library

— EVM430-FR6043 Gas Meter Evaluation Module
Board

— MSP-TS430PN80C Target Socket Board for 80-
Pin Package

— Free professional development environments
with EnergyTrace++ technology

— MSP430Ware™ for MSP microcontrollers

Device Comparison summarizes the available

device variants and package options

2 Applications

+  12C with multiple-slave addressing Ultrasonic smart water meter
. | W

— Hardware UART or I2C bootloader (BSL) + Ultrasonic smart gas meter
* Flexible clock system » Ultrasonic smart heat meter
— Fixed-frequency DCO with 10 selectable * Flow transmitter

factory-trimmed frequencies
— Low-power low-frequency internal clock source
(VLO)

3 Description

The Texas Instruments MSP430FR604x and MSP430FR504x SoCs are part of the MSP430 ultrasonic sensing
microcontroller (MCU) family and are powerful, highly integrated devices designed for a wide variety of industrial
applications:

* High-resolution ultrasonic liquid level sensing
+ Liquid concentration sensing

* High-resolution anemometer

» Ultrasonic surface sensing

* Ultrasonic leak detection

* Oxygen concentration sensing

» Ultrasonic smart gas meter

» Ultrasonic smart water meter

These MCUs offer an integrated ultrasonic sensing solution (USS_A) module, which provides high accuracy
for a wide range of flow rates. The USS module helps achieve ultra-low-power metering combined with lower
system cost due to maximum integration requiring very few external components.

MSP430FR604x and MSP430FR504x devices implement high-speed ADC-based signal acquisition followed by
optimized digital signal processing using the low-energy accelerator (LEA) to deliver a high-accuracy metering
solution with ultra-low power optimum for battery-powered metering applications.

The USS_A module includes a programmable pulse generator (PPG) and a physical interface (PHY) with a
low impedance output driver for optimum sensor excitation and accurate impendence matching to deliver best
results for zero-flow drift (ZFD). The USS_A module also includes a programmable gain amplifier (PGA) and
a high-speed 12-bit 8-Msps sigma-delta ADC (SDHS) for accurate signal acquisition from industry standard
ultrasonic transducers.

The MSP430FR604x and MSP430FR504x MCUs also integrate other peripherals to improve system integration
for metering. It has a metering test interface (MTIF) module to implement pulse generation to indicate flow
measured by the meter. It also has an on-chip 8-mux LCD driver (MSP430FR604x only), a real-time clock
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(RTC), a 12-bit SAR ADC, an analog comparator, an advanced encryption (AES256) module, and a cyclic
redundancy check (CRC) module.

MSP430FR604x and MSP430FR504x MCUs are supported by an extensive hardware and software ecosystem
with reference designs and code examples to get your design started quickly. Development kits include the
MSP-TS430PN80C 80-pin target development board and EVM430-FR6043 ultrasonic gas flow meter EVM. Tl
also provides free software including the ultrasonic sensing design center, ultrasonic sensing software library,
and MSP430Ware™ software.

The MSP430FR604x and MSP430FR504x MCU family integrates TI’'s FRAM (ferroelectric RAM) and a holistic
ultra-low-power MSP system architecture, allowing system designers to increase performance while lowering
energy consumption. FRAM technology combines the low-energy fast writes, flexibility, and endurance of RAM
with the nonvolatility of flash.

For complete module descriptions, see the MSP430FR58xx, MSP430FR59xx, and MSP430FR6xx Family User's
Guide.

Device Information

PART NUMBER(") PACKAGE®) BODY SIZE®)
MSP430FR6043IPN LQFP (80) 12mm x 12 mm
MSP430FR60431IPN LQFP (80) 12 mm x 12 mm
MSP430FR6041IPN LQFP (80) 12 mm x 12 mm
MSP430FR5043IPM LQFP (64) 10 mm x 10 mm
MSP430FR50431IPM LQFP (64) 10 mm x 10 mm
MSP430FR50411PM LQFP (64) 10 mm x 10 mm
MSP430FR5043IRGC VQFN (64) 9 mm x 9 mm

MSP430FR50431IRGC VQFN (64) 9 mm x 9 mm
MSP430FR5041IRGC VQFN (64) 9 mm x 9 mm

(1)  For the most current part, package, and ordering information for all available devices, see the Package Option Addendum in Section
12, or see the Tl website at www.ti.com.

(2) For a comparison of all available device variants, see Section 6.

(3) The sizes shown here are approximations. For the package dimensions with tolerances, see the Mechanical Data in Section 12.
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4 Functional Block Diagram

Figure 4-1 shows the functional block diagram.

P1.x, P2.x P3.x,P4.x P5.x, P6.x P7.x PJ.x

LEXIN,  LEXOUT, i 2x8 i 2x8 izxs i 1 ius
HFXIN _ HFXOUT.
ADC12 B 1/0 Ports 1/0 Ports 1/0 Ports 1/0 Ports 1/0 Port
MCLK ACLK Comp_E 16 REF_A P1, P2 P3, P4 P5, P6 P7 PJ
4_ Clock -> L‘i;’,ﬁam 2x8 1/0s 2x8 I/0s 2x8 1/0s 1x1 1/0s 1x8 1/0Os
System (upto 16 inputs, Voltage
- SMCLK inputs) upto8 Reference PA PB PC PD
DMA N d'f:;ﬁ;‘s")a' 1x16 1/0s || 1x16 1/0s | | 1x16 1/0s | | 1x1 1/0s
Controller =
L . A A A A A A A A A A A A A A A A A A
6Channel | © 7
MAB
Bus
nglfg' _ MDB v \ 4 \ 4 \ 4 v v \ 4 ) 4 ) 4
- A A A A A A A A A A
CPUXV2 >
incl. 16 \ A 4 \ A 4 \ A 4 A\ A 4 \ A 4 A\ A 4 vY vYVvY VY \ A 4
Registers | MPU CRC16
T PEncap || RAM MZ‘:}‘Z;;_ AES256 TA2 TA3 Leb_c
CRC-16-
FRCTL_A ment . N . (up to
TTTITTI 54 KB 4KB + 8KB] CCITT MPY32 Secunvty Watchdog Timer_A || Timer_A 248 Seg:
Encryption, 2CC 2CC static
< 32KB LDO CRC32 Decrypti Registers || Regist 2t08m!
EEM « - sSVsS (19208ry35ICél; eglnst)ers eg:]st)ers 0 8 mux)
S: 3+1 Tiny RAM CRC-32- s
( ) < 08 Brownout | | CRC-32
1
P MDB
JTAG | A A A A A A A A A A
Interface MAB
1 coolkd- -k -d---,
b
Spy-Bi-Wire \ 4 \ 4 A\ A 4 \ A 4 \ A 4 \ A 4 \ A 4 \ A 4 \ A 4 . A 4 \ A 4 :
'
TBO TAO TA1 TA4 eusci_o[l |eusci eof] .
eUSCI_A1 eUSCI B1 ' .
USS_A LEA . N ) eUSCI_A2 - ' .
— Timer_B Timer_A Timer_A Timer_A 2 ‘| RTC_C MTIF
Subsystem Subsystem S 500 300 20a eUSCI_A3 (’C, SPI) : '
Registers Registers | | Registers Registers (UART, ' '
(int, ext) (int, ext) (int, ext) (int, ext) I'DA SF;I) ' .
y + Y Y * b ' LPM3.5 Domain & ¢ :

CHx_IN, CHx_OUT, XPBx, USSXT_BOUT, USSXTOUT, USSXTIN

MTIF_PIN_EN, MTIF_OUT_IN

NOTE: The device has 12KB of RAM, and 8KB of the RAM is shared with the LEA subsystem.

Figure 4-1. Functional Block Diagram
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5 Revision History
NOTE: Page numbers for previous revisions may differ from page numbers in the current version.

Changed from revision A to revision B

Changes from December 2, 2020 to December 1, 2021 Page
o Changed the dOCUMENT tItle..........ooi e e e et e e s e bt e e e e nb e e e e e e nees 1
* Added links to application resources in DESCIPLON ..............ooiiueiiiiiiiiie et 2
*  Updated Section 11.5, SUPPOIT RESOUICES .........c.coiiuueiiiiiiieiiie ettt ettt e e s snneeae s 180

Changed from initial release to revision A

Changes from January 19, 2019 to December 1, 2020 Page
» Updated the numbering format for tables, figures, and cross references throughout the document.................. 1
* Added notes to Section 8.12, Thermal Resistance CharacteriStiCs ..............cccuuiiiiiiiiiiieiae e 37
* Added the note that begins "XT1CLK and VLOCLK can be active during LPM4..." in Section 9.5, Operating

1 o o L= SR 73

* Added the INTERRUPT VECTOR REGISTER column, moved register names from the INTERRUPT FLAG
column, and corrected interrupt flag names as necessary in Table 9-4, Interrupt Sources, Flags, Vectors, and

SIGNATUIES ..ottt e oottt oo b bttt e oo h bttt e e e e b bttt e e e aaba et e e e e nbb e e e e e nnreee s 76
« Corrected the interrupt flag bit numbers for ports P4 to P7 (changed PxIFG.2 to PxIFG.7) in Table 9-4,
Interrupt Sources, FIags, @Nd VECIOIS ...........oooo ettt e e e e e e e e e e e e eeeaaaens 76
» Corrected a typo in the PySELO.x column header in Table 9-24, I/O Function Selection ..............cccccccccceeee... 94
» Corrected the address range for "Main: interrupt vectors" in Table 9-52, Memory Organization ................... 147
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6 Device Comparison

Table 6-1 summarizes the available family members.

Table 6-1. Device Comparison

FRAM | SRAM CLOCK ADC12_B Comp_E . .
1) = — (3) (4) (5) (6)
DEVICE! (KB)(Z) (KB) SYSTEM LEA LCD MTIF (Channels) (Channels) Timer_A Timer_B eUSCI_A! eUSCI_B AES BSL /10 PACKAGE
DCO 8 external 3,3
MSP430FR6043 64 12 HFXT Yes Yes Yes . ! 12 ' (8 7 4 2 Yes UART 57 80 PN (LQFP)
2 internal 2,2,20)
LFXT
DCO 8 external 3,30
MSP430FR60431 64 12 HFXT Yes Yes Yes . ! 12 (8 7 4 2 Yes 12C 57 80 PN (LQFP)
2 internal 2,2,20)
LFXT
DCO 8 external 3,30
MSP430FR6041 32 12 HFXT Yes Yes Yes ! ! 12 (8 7 4 2 Yes UART 57 80 PN (LQFP)
2 internal 2,2,28)
LFXT
DCO
7 external, 3,30 64 PM (LQFP)
MSP430FR5043 64 12 I:i))g: Yes No Yes 2 internal " 2,220 7 4 2 Yes UART 44 64 RGC (VQFN)
DCO
7 external, 3,30 64 PM (LQFP)
MSP430FR50431 64 12 E:::))g: Yes No Yes 2 internal " 2,220 7 4 2 Yes 12C 44 64 RGC (VQFN)
DCO
7 external, 3,30 64 PM (LQFP)
MSP430FR5041 32 12 ILI'I::;((::: Yes No Yes 2 internal 11 2,220 7 4 2 Yes UART 44 64 RGC (VQFN)

(1)  For the most current package and ordering information, see the Package Option Addendum in Section 12, or see the Tl website at www.ti.com.

(2) Package drawings, standard packing quantities, thermal data, symbolization, and PCB design guidelines are available at www.ti.com/packaging.

(3) Each number in the sequence represents an instantiation of Timer_A with its associated number of capture/compare registers and PWM output generators available. For example,
a number sequence of 3, 5 would represent two instantiations of Timer_A, the first instantiation having 3 capture/compare registers and PWM output generators and the second
instantiation having 5 capture/compare registers and PWM output generators, respectively.

(4) Each number in the sequence represents an instantiation of Timer_B with its associated number of capture/compare registers and PWM output generators available. For example,
a number sequence of 3, 5 would represent two instantiations of Timer_B, the first instantiation having 3 capture/compare registers and PWM output generators and the second
instantiation having 5 capture/compare registers and PWM output generators, respectively.

(5) eUSCI_A supports UART with automatic baud-rate detection, IrDA encode and decode, and SPI.

(6) eUSCI_B supports I2C with multiple slave addresses and SPI.

(7) Timers TAO and TA1 provide internal and external capture/compare inputs and internal and external PWM outputs.

(8) Timers TA2 and TA3 provide only internal capture/compare inputs and only internal PWM outputs (if any) whereas Timer TA4 provides internal, external capture/compare inputs and
internal, external PWM outputs (Note: TA4 in the RGZ package provide only internal capture/compare inputs and only internal PWM outputs.).
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6.1 Related Products

For information about other devices in this family of products or related products, see the following links.
TI 16-bit and 32-bit microcontrollers

High-performance, low-power solutions to enable the autonomous future

Products for MSP430 ultra-low-power sensing & measurement MCUs

One platform. One ecosystem. Endless possibilities.

Reference designs

Find reference designs leveraging the best in Tl technology to solve your system-level challenges
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7 Terminal Configuration and Functions
7.1 Pin Diagrams

Figure 7-1 shows the pinout of the 80-pin PM package.

> P3.7/UCB1SOMI/UCB1SCL/TB0.2/TBOOUTH/LCDS36
o[ P3.6/UCB1SIMO/UCB1SDA/TB0.6/USSXT_BOUT/LCDS35

S| P3.4/SMCLK/COM6/DMAEO/LCDS27
R P3.3/MCLK/TB0.3/XPB1/LCDS25
S| P3.2/TA1.1/COM5/LCDS28

S| P3.5/ACLK/ICOM3/COUT/LCDS26
S| P6.7/TA0.1/COM4/LCDS29

o
5 [ [ 3
_RE, z 3 3z g
B558225908888900 E
289z 558228353 &
o oooonnnn [1
080 79 78 77 74 73 72 71 70 69 68 67 61
Avcct1 [ 1 601 P6.3/COM7/R23
P2.2/COUT/UCAOCLK/A14/C14 ] 2 591 DVCC3
P2.3/TA0.0/UCAOSTE/A15/C15 ] 3 581 DVSS3
P1.0/UCA1CLK/TA1.0/A0/CO/VREF-/VeREF- [} 4 57]1 P6.2/TBOCLK/R13/LCDREF/LCDS32
P1.1/UCA1STE/TA4.0/A1/C1/VREF+/VeREF+ ] 5 561 P6.1/RTCCLK/R03/LCDS33
AVSS2 [ 6 551 P7.0/TA1.0/TA1.2/XPB0/LCDS30
PJA/LFXIN ] 7 541 P6.6/ACLK/COM2/LCDS31
PJ.5/LFXOUT ] 8 531 P6.5/SMCLK/COM1/LCDS34
AVSS3 [ 9 MSP430FR6043IPN 521 P6.4/MCLK/COMO
PJ.6/HFXIN/USSXT_BOUT [} 10 MSP430FR60431IPN 51 P6.0/TAOCLK/COUT/LCDS0
PJ.7/HFXOUT ] 11 MSP430FRG041IPN 501 P5.7/TA0.2/UCB1STE/LCDS1
P2.4/TAOCLK/TBOCLK/TA1CLK/LCDS24 [} 12 491 P5.6/TBOOUTH/UCB1SOMI/UCB1SCL/LCDS2
P2.6/UCA0SIMO/UCAQOTXD/TA1.2/TA1.2C/LCDS23 [} 13 4811 P5.5/TA4.1/UCB1SIMO/UCB1SDA/LCDS3
P2.7/UCAOSOMI/UCAORXD/TA4.1/TA4.1C/LCDS22 [} 14 47[1 P5.4/TA0.0/UCB1CLK/TA4.0/LCDS4
TEST/SBWCLK [} 15 461 P5.3/TB0.3/UCA2STE/LCDS5
RST/NMI/SBWTDIO [} 16 45[] P5.2/TB0.2/UAC2CLK/LCDS6
PJ.0/UAC2CLK/SRSCG1/DMAEQ/C10/TDO [} 17 44111 P5.1/TB0.1/UCA2SOMI/UCA2RXD/LCDS7
PJ.1/UCA2STE/SRSCGO/TA4CLK/C11/TDI/TCLK [} 18 43171 P5.0/TB0.0/UCA2SIMO/UCA2TXD/LCDS8
PJ.2/UCA2SIMO/UCA2TXD/SROSCOFF/TBOOUTH/C12/TMS [} 19 4211 P4.7/DMAEO/LCDS9
PJ.3/UCA2SOMI/UCA2RXD/SRCPUOFF/TB0.6/C13/TCK ] 202‘1 2 411 DVSS2
||
é g U
25

P4.0/RTCCLK/TA4.1/MTIF_PIN_EN (] ¥

P4.1/UCAOCLK/TB0.4/UCA3SOMI/UCA3RXD/LCDS15 [} &

P3.0/TB0.0/LCDS20 R
P4.2/UCAOSTE/TB0.5/UCA3SIMO/UCA3TXD/LCDS14 (18

P1.2/UCA1SIMO/UCA1TXD/TA1.0/A8/C8 [} &
P1.3/UCA1SOMI/UCA1RXD/TA1.1/A9/C9 (] 5

P2.0/UCA1CLK/UCA3SIMO/UCA3TXD/LCDS19 [
P2.1/UCA1STE/UCA3SOMI/UCA3RXD/LCDS18 (18
P1.6/UCA3STE/UCBO0SIMO/UCBOSDA/LCDS17 [

P2.5/TA0.2/TA4.0/LCDS21 (1%
P1.7/USSTRG/UCA3CLK/UCBOSOMI/UCBOSCL/LCDS16 [} &8

P1.4/TB0.4/UCBOSTE/A2/C2 [} X
P1.5/TB0.5/UCBOCLK/A3/C3 [}
P3.1/TA1CLK/TBO.1/MTIF_OUT_IN (] &
P4.3/UCA0SIMO/UCAOTXD/LCDS13 [ %
P4.4/UCAOSOMI/UCAORXD/LCDS12 [ &
P4.5/TAOCLK/TA1CLK/LCDS11 [} &
P4.6/TBOCLK/TA4CLK/LCDS10 [} &

A.  On devices with UART BSL: P2.0 is BSLTX, P2.1 is BSLRX
B. On devices with I2C BSL: P1.6 is BSLSDA, P1.7 is BSLSCL

Figure 7-1. 80-Pin PN Package (Top View)

Figure 7-2 shows the pinout of the 64-pin PM and 64-pin RGC package.

Copyright © 2021 Texas Instruments Incorporated Submit Document Feedback 9

Product Folder Links: MSP430FR6043 MSP430FR60431 MSP430FR6041 MSP430FR5043 MSP430FR50431
MSP430FR5041


https://www.ti.com
https://www.ti.com/product/MSP430FR6043
https://www.ti.com/product/MSP430FR60431
https://www.ti.com/product/MSP430FR6041
https://www.ti.com/product/MSP430FR5043
https://www.ti.com/product/MSP430FR50431
https://www.ti.com/product/MSP430FR5041
https://www.ti.com/lit/pdf/SLASEF5
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLASEF5B&partnum=MSP430FR6043
https://www.ti.com/product/msp430fr6043?qgpn=msp430fr6043
https://www.ti.com/product/msp430fr60431?qgpn=msp430fr60431
https://www.ti.com/product/msp430fr6041?qgpn=msp430fr6041
https://www.ti.com/product/msp430fr5043?qgpn=msp430fr5043
https://www.ti.com/product/msp430fr50431?qgpn=msp430fr50431
https://www.ti.com/product/msp430fr5041?qgpn=msp430fr5041

MSP430FR6043, MSP430FR60431, MSP430FR6041
MSP430FR5043, MSP430FR50431, MSP430FR5041

SLASEF5B — JANUARY 2019 — REVISED DECEMBER 2021

i3 TEXAS
INSTRUMENTS

www.ti.com

o B
L 23
338
5 - -
o Z =) = a o
722320985 g2582:28
2838255222 ad8528¢83
Ooonooonoooonoononon
O 64 63 62 61 60 59 58 57 56 55 54 53 52 51 50 49
avee1 O 1 48[ DVSS3
P2.2/COUT/UCAOCLK/A14/C14 [ 2 4771 P6.2ITBOCLK
P1.0/UCA1CLK/TA1.0/AO/CO/VREF-/VeREF- [ 3 46[71 P7.0/TA1.0/TA1.2/XPBO
P1.1/UCA1STE/TA4.0/A1/C1/VREF+/VeREF+ [ 4 45|71 P6.6/ACLK
Avss2 [ 5 44f71 P6.5/SMCLK
PJAILFXIN ] 6 4311 P6.4/MCLK
PJ.5ILFXOUT O 7 A 4271 P6.0/TAOCLK/COUT
Avss3 ] 8 MSP430FR50411PM 41 P5.7/TA0.2/UCB1STE
PJ.6/HFXIN/USSXT_BOUT ] 9 T RoOIRGC, 401 P5.6/TBOOUTH/UCB1SOMI/UCB1SCL
PJ.7/HFXOUT ] 10 MSP430FR5041IRGC 3911 P5.5/TA4.1/UCB1SIMO/UCB1SDA
TEST/SBWCLK T 11 38|71 P5.4/TA0.0/UCB1CLK/TA4.0
RST/NMI/SBWTDIO [] 12 370 P5.3/TB0.3/UCA2STE
PJ.0/UAC2CLK/SRSCG1/DMAE0/C10/TDO [ 13 36|01 P5.2/TB0.2/UAC2CLK
PJ.1/UCA2STE/SRSCGO/TA4CLK/C11/TDITCLK [] 14 3501 P5.1/TB0.1/UCA2SOMI/UCA2RXD
PJ.2/UCA2SIMO/UCA2TXD/SROSCOFF/TBOOUTH/C12/TMS [} 15 3411 P5.0/TB0.0/UCA2SIMO/UCA2TXD
PJ.3/UCA2SOMI/UCA2RXD/SRCPUOFF/TBO0.6/C13/TCK ] 16 331 DVss2
17 18 19 27
(RN
% g '
& 3

P1.2/UCA1SIMO/UCA1TXD/TA1.0/A8/C8 ]
P1.3/UCA1SOMI/UCA1RXD/TA1.1/A9/C9 (|8
P2.0/UCA1CLK/UCA3SIMO/UCA3TXD N
P2.1/UCA1STE/UCA3SOMI/UCA3RXD [N
P1.6/UCA3STE/UCBOSIMO/UCBOSDA &
P1.7/JUSSTRG/UCA3CLK/UCBOSOMI/UCBOSCL ('R

A. On devices with UART BSL: P2.0 is BSLTX, P2.1 is BSLRX
B. On devices with [2C BSL: P1.6 is BSLSDA, P1.7 is BSLSCL

Figure 7-2. 64-Pin PM or RGC Package (Top View)

P1.4/TB0.4/UCBOSTE/A2/C2 (&
P1.5/TB0.5/UCBOCLK/A3/C3 (] 5

P3.1/TA1CLK/TBO0.1/MTIF_OUT_IN [

P4.0/RTCCLK/TA4.1/MTIF_PIN_EN &

P4.1/UCAOCLK/TB0.4/UCA3SOMI/UCA3RXD [}

P4.2/UCAOSTE/TB0.5/UCA3SIMO/UCA3TXD (]S

P4.3/UCAO0SIMO/UCAOTXD ] £
P4.4/UCA0SOMI/UCAORXD &
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7.2 Pin Attributes

Table 7-1. Pin Attributes

PIN NUMBER(")
FR6043, FR5043, SIGNAL NAME(") ) SIGNAL TYPE | BUFFER TYPE®) Sgg‘ggg(@ 25?5; g-gg;%
FR6041 FR5041
1 1 AVCCA1 P Power - N/A
P2.2 I/0 LVCMOS DvcC OFF
CouT o LVCMOS DvcC -
2 2 UCAOCLK 110 LVCMOS DvVCC -
A14 | Analog DvCC -
C14 | Analog DvCC -
P2.3 110 LVCMOS DvVCC OFF
TA0.0 110 LVCMOS DvVCC -
3 - UCAOQSTE 110 LVCMOS DvccC -
A15 | Analog DvCC -
C15 | Analog DvCC -
P1.0 110 LVCMOS DvVCC OFF
UCA1CLK lfe} LVCMOS DvVCC -
TA1.0 lfe} LVCMOS DvVCC -
4 3 A0 | Analog DvVCC -
CO | Analog DvCC -
VREF- (0] Analog DVCC -
VeREF- | Analog DvVCC -
P1.1 110 LVCMOS DvcC OFF
UCA1STE 110 LVCMOS DvVCC -
TA4.0 lfe} LVCMOS DvVCC -
5 4 A1 | Analog DvCC -
C1 | Analog DvCC -
VREF+ 0} Analog DvVCC -
VeREF+ | Analog DVCC -
6 5 AVSS2 P Power - N/A
PJ.4 11O LVCMOS DvcC OFF
! 6 LFXIN | Analog DvCC -
8 . PJ.5 lfe} LVCMOS DvVCC OFF
LFXOUT (0] Analog DvCC -
9 8 AVSS3 P Power - N/A
PJ.6 110 LVCMOS DvVCC -
10 9 HFXIN I Analog DvccC -
USSXT_BOUT (0] Analog DVCC -
PJ.7 11O LVCMOS DvcC OFF
" 10 HFXOUT (0] Analog DvCC -
P2.4 lfe} LVCMOS DvVCC OFF
TAOCLK | LVCMOS DvVCC -
12 - TBOCLK | LVCMOS DvVCC -
TA1CLK | LVCMOS DvCC -
S24 (6] Analog DvCC -
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Table 7-1. Pin Attributes (continued)

PIN NUMBER(")
FR6043, FR5043, SIGNAL NAME() ) SIGNAL TYPE@ | BUFFER TYPE®) s(';g‘l,avgg@ IR-;IE'?IIEE; gg&%
FR6041 FR5041
P2.6 110 LVCMOS DvCC OFF
UCAOTXD o LVCMOS DVCC -
UCAO0SIMO 110 LVCMOS DVCC -
13 N TA1.2 1/0 LVCMOS DvVCC -
TA1.2C 110 LVCMOS DvccC -
S23 (0] Analog DvVCC -
pP2.7 110 LVCMOS DVCC OFF
UCAORXD I LVCMOS DvCC -
UCAOSOMI 110 LVCMOS DvCC -
1 - TA4A /0 LVCMOS DvVCC -
TA4.1C 110 LVCMOS DVCC -
S22 (0] Analog DvVCC -
TEST I LVCMOS DvVCC PD
19 " SBWTCK | LVCMOS DvcC -
RST 11O LVCMOS DvcC PU
16 12 NMI I LVCMOS DvCC -
SBWTDIO 110 LVCMOS DvCC -
PJ.0 110 LVCMOS DVCC OFF
TDO o LVCMOS DVCC -
UCA2CLK 1/0 LVCMOS DvVCC -
7 3 SRSCGH1 0} LVCMOS DvcC -
DMAEO | LVCMOS DvcC -
C10 | Analog DvCC -
PJ.1 110 LVCMOS DvCC OFF
TDI I LVCMOS DvCC -
TCLK I LVCMOS DVCC -
18 14 UCA2STE 110 LVCMOS DVCC -
SRSCGO0 o LVCMOS DvVCC -
TA4CLK I LVCMOS DvcC -
C11 | Analog DvCC -
PJ.2 110 LVCMOS DVCC OFF
T™S I LVCMOS DvCC -
UCA2TXD o LVCMOS DvCC -
19 15 UCA2SIMO 110 LVCMOS DVCC -
SROSCOFF o LVCMOS DVCC -
TBOOUTH I LVCMOS DVCC -
C12 | Analog DvCC -
PJ.3 110 LVCMOS DvVCC OFF
TCK I LVCMOS DvcC -
UCA2RXD I LVCMOS DvCC -
20 16 UCA2SOMI 110 LVCMOS DvCC -
SRCPUOFF 0} LVCMOS DVCC -
TB0.6 110 LVCMOS DVCC -
C13 | Analog DvCC -
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Table 7-1. Pin Attributes (continued)

PIN NUMBER(")
FR6043, | FR5043, SIGNAL NAME() 4 | SIGNAL TYPE® | BUFFER TYPE® Sgﬁggga /TE?E; ggg(f)
FR6041 FR5041
21 17 DVSS1 P Power - N/A
22 18 DvCC1 P Power - N/A
P2.5 1/0 LVCMOS DvCC OFF
TAO0.2 1/0 LVCMOS DvVCC -
2 - TA4.0 /0 LVCMOS DVCC -
S21 (0] Analog DvCC -
P3.0 /10 LVCMOS DvCC OFF
24 - TB0.0 /10 LVCMOS DvCC -
S20 (0] Analog DvCC -
P1.2 I/0 LVCMOS DvCC OFF
UCA1TXD (0] LVCMOS DvVCC -
UCA1SIMO 1/0 LVCMOS DvVCC -
25 19 TA1.0 1/0 LVCMOS DVCC -
A8 | Analog DvVCC -
Cc8 | Analog DvCC -
P1.3 /10 LVCMOS DvCC OFF
UCA1RXD | LVCMOS DvCC -
6 20 UCA1SOMI /0 LVCMOS DvCC -
TA11 1/0 LVCMOS DvCC -
A9 | Analog DvVCC -
C9 | Analog DvCC -
P2.0 /10 LVCMOS DvCC OFF
UCA1CLK I/O LVCMOS DVCC -
27 21 UCA3TXD (0] LVCMOS DvCC -
UCA3SIMO /0 LVCMOS DvCC -
S19 (0] Analog DvCC -
P2.1 1/0 LVCMOS DvCC OFF
UCA1STE 1/0 LVCMOS DvVCC -
28 22 UCA3RXD | LVCMOS DvCC -
UCA3SOMI 1’0 LVCMOS DvVCC -
S18 (0] Analog DvCC -
P1.6 /10 LVCMOS DvCC OFF
UCA3STE /0 LVCMOS DvCC -
29 23 UCBO0SIMO /0 LVCMOS DvCC -
UCBOSDA 1/0 LVCMOS DvVCC -
S17 (0] Analog DvVCC -
P1.7 /10 LVCMOS DvCC OFF
USSTRG I LVCMOS DvVCC -
UCA3CLK 1’0 LVCMOS DVCC -
30 24 UCBOSOMI /10 LVCMOS DvCC -
UCBOSCL 110 LVCMOS DvCC -
S16 (0] Analog DvCC -
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Table 7-1. Pin Attributes (continued)

PIN NUMBER(")
FR6043, FR5043, SIGNAL NAME() ) SIGNAL TYPE@ | BUFFER TYPE®) sgﬁ‘gggs) ZE_?E; g-{)ﬂg
FR6041 FR5041
P1.4 110 LVCMOS DvCC OFF
TB0.4 110 LVCMOS DVCC -
31 25 UCAOSTE 110 LVCMOS DVCC -
A2 | Analog DvVCC -
C2 | Analog DVCC -
P1.5 I/0 LVCMOS DvVCC OFF
TBO0.5 110 LVCMOS DvcC -
32 26 UCBOCLK 110 LVCMOS DvCC -
A3 | Analog DvCC -
C3 | Analog DvCC -
P3.1 110 LVCMOS DVCC OFF
3 >7 TA1CLK I LVCMOS DvVCC -
TBO.1 110 LVCMOS DvcC -
MTIF_OUT_IN I/0 LVCMOS DvcC -
P4.0 110 LVCMOS DVCC OFF
RTCCLK o LVCMOS DvCC -
% 28 TA4.1 o LVCMOS DvCC -
MTIF_PIN_EN I LVCMOS DVCC -
P4.1 110 LVCMOS DVCC OFF
UCAOCLK 1/0 LVCMOS DvVCC -
TB0.4 110 LVCMOS DvcC -
3 29 UCA3RXD | LVCMOS DvVCC -
UCA3SOMI 11O LVCMOS DVCC -
S15 (0] Analog DvCC -
P4.2 110 LVCMOS DvCC OFF
UCAOSTE 110 LVCMOS DVCC -
TB0.5 110 LVCMOS DVCC -
% %0 UCA3SIMO 1/0 LVCMOS DvVCC -
UCA3TXD 0} LVCMOS DvcC -
S14 (0] Analog DvCC -
P4.3 110 LVCMOS DVCC OFF
UCAQOTXD o LVCMOS DvCC -
37 3 UCAO0SIMO 110 LVCMOS DvCC -
S13 (0] Analog DvCC -
P4.4 110 LVCMOS DVCC OFF
UCAORXD I LVCMOS DVCC -
%8 %2 UCAOSOMI 110 LVCMOS DvVCC -
S12 (0] Analog DvVCC -
P4.5 110 LVCMOS DVCC OFF
TAOCLK I LVCMOS DvCC -
% - TA1CLK | LVCMOS DVCC -
S11 (0] Analog DvCC -
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Table 7-1. Pin Attributes (continued)

PIN NUMBER(")
FR6043, FR5043, SIGNAL NAME() ) SIGNAL TYPE@ | BUFFER TYPE®) s(';g‘gggﬁ) ZE.?E; ggﬁ%
FR6041 FR5041
P4.6 110 LVCMOS DvCC OFF
TBOCLK I LVCMOS DVCC -
40 - TA4CLK I LVCMOS DVCC -
S10 (0] Analog DvVCC -
41 33 DVSS2 P Power - N/A
P4.7 I/0 LVCMOS DvVCC OFF
42 - DMAEO I LVCMOS DvcC -
S9 (0] Analog DvCC -
P5.0 110 LVCMOS DvCC OFF
TB0.0 110 LVCMOS DVCC -
43 34 UCA2TXD o LVCMOS DVCC -
UCA2SIMO 1/0 LVCMOS DvVCC -
S8 (0] Analog DVCC -
P5.1 I/0 LVCMOS DvVCC OFF
TBO0.1 0} LVCMOS DvcC -
44 35 UCA2RXD I LVCMOS DvCC -
UCA2SOMI 110 LVCMOS DvCC -
S7 (0] Analog DvCC -
P5.2 110 LVCMOS DVCC OFF
TB0.2 o LVCMOS DvVCC -
4 % UCA2CLK 110 LVCMOS DvcC -
S6 (0] Analog DvVCC -
P5.3 11O LVCMOS DVCC OFF
TB0.3 o LVCMOS DvCC -
40 37 UCA2STE 110 LVCMOS DvCC -
S5 (0] Analog DvCC -
P5.4 110 LVCMOS DVCC OFF
TA0.0 1/0 LVCMOS DvVCC -
47 38 UCB1CLK 110 LVCMOS DvcC -
TA4.0 0} LVCMOS DvcC -
S4 (0] Analog DvCC -
P5.5 110 LVCMOS DvCC OFF
TA4.1 110 LVCMOS DvCC -
48 39 ucB1SIMO 110 LVCMOS DVCC -
UCB1SDA 110 LVCMOS DVCC -
S3 (0] Analog DvVCC -
P5.6 110 LVCMOS DvVCC OFF
TBOOUTH | LVCMOS DvcC -
49 40 UCB1SOMI 11O LVCMOS DvcC -
UCB1SCL 110 LVCMOS DvCC -
S2 (0] Analog DvCC -
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Table 7-1. Pin Attributes (continued)

PIN NUMBER(")
FR6043, FR5043, SIGNAL NAME() ) SIGNAL TYPE@ | BUFFER TYPE®) s(';g‘gggﬁ) ITIE'?IIEE; gg&%
FR6041 FR5041
P5.7 110 LVCMOS DvCC OFF
TA0.2 110 LVCMOS DVCC -
%0 o UCB1STE 110 LVCMOS DVCC -
S1 (0] Analog DvVCC -
P6.0 1’0 LVCMOS DvVCC OFF
TAOCLK I LVCMOS DvVCC -
> 42 CouT I LVCMOS DvCC -
SO (0] Analog DvCC -
P6.4 110 LVCMOS DvCC OFF
52 43 MCLK o LVCMOS DVCC -
COMO o Analog DVCC -
P6.5 1/0 LVCMOS DvVCC OFF
53 a4 SMCLK o LVCMOS DVCC -
COM1 (0] Analog DvVCC -
S34 (0] Analog DvCC -
P6.6 110 LVCMOS DvCC OFF
ACLK o LVCMOS DvCC -
54 45
COM2 (0] Analog DvCC -
S31 (0] Analog DvCC -
P7.0 1/0 LVCMOS DvVCC OFF
TA1.0 1/0 LVCMOS DVCC -
55 46 TA1.2 I/0 LVCMOS DvVCC -
XPBO (0] Analog 1.5V -
S30 (0] Analog DvCC -
P6.1 110 LVCMOS DvCC OFF
RTCCLK 0} LVCMOS DVCC -
% N RO3 110 Analog DVCC _
S33 (0] Analog DvVCC -
P6.2 1/0 LVCMOS DvVCC OFF
TBOCLK I LVCMOS DvVCC -
57 47 R13 1/0 Analog DvCC -
LCDREF | Analog - -
S32 (0] Analog DvCC -
58 48 DVSS3 P Power - N/A
59 49 DVCC3 P Power - N/A
P6.3 1/0 LVCMOS DVCC OFF
60 - COom7 (0] Analog DvVCC -
R23 1/0 Analog DvVCC -
R33 110 Analog DvVCC -
o1 N LCDCAP 110 Analog DVCC -
P6.7 110 LVCMOS DvCC OFF
TAO.1 110 LVCMOS DVCC -
62 N COM4 o Analog DVCC _
S29 (0] Analog DvCC -

16 Submit Document Feedback

Copyright © 2021 Texas Instruments Incorporated

Product Folder Links: MSP430FR6043 MSP430FR60431 MSP430FR6041 MSP430FR5043 MSP430FR50431

MSP430FR5041


https://www.ti.com/product/MSP430FR6043
https://www.ti.com/product/MSP430FR60431
https://www.ti.com/product/MSP430FR6041
https://www.ti.com/product/MSP430FR5043
https://www.ti.com/product/MSP430FR50431
https://www.ti.com/product/MSP430FR5041
https://www.ti.com/lit/pdf/SLASEF5
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLASEF5B&partnum=MSP430FR6043
https://www.ti.com/product/msp430fr6043?qgpn=msp430fr6043
https://www.ti.com/product/msp430fr60431?qgpn=msp430fr60431
https://www.ti.com/product/msp430fr6041?qgpn=msp430fr6041
https://www.ti.com/product/msp430fr5043?qgpn=msp430fr5043
https://www.ti.com/product/msp430fr50431?qgpn=msp430fr50431
https://www.ti.com/product/msp430fr5041?qgpn=msp430fr5041

13 TEXAS
INSTRUMENTS

www.ti.com

MSP430FR6043, MSP430FR60431, MSP430FR6041

MSP430FR5043, MSP430FR50431, MSP430FR5041
SLASEF5B — JANUARY 2019 — REVISED DECEMBER 2021

Table 7-1. Pin Attributes (continued)

PIN NUMBER(")
FR6043, FR5043, SIGNAL NAME() ) SIGNAL TYPE@ | BUFFER TYPE®) s(';g‘l,avg;@ ITE‘?IIEE; g-{)ﬂg
FR6041 FR5041
P3.2 110 LVCMOS DvCC OFF
63 B TA1.1 110 LVCMOS DVCC -
COM5 o Analog DVCC -
S28 (0] Analog DvVCC -
P3.3 110 LVCMOS DvVCC OFF
MCLK o LVCMOS DvCcC -
64 50 TB0.3 11O LVCMOS DvcC -
XPB1 (0] Analog 1.5V -
S25 (0] Analog DvCC -
P3.4 110 LVCMOS DVCC OFF
SMCLK o LVCMOS DVCC -
65 51 COM6 o Analog DvVCC -
DMAEO I LVCMOS DvcC -
S27 (0] Analog DvVCC -
P3.5 11O LVCMOS DVCC OFF
ACLK o LVCMOS DvCC -
66 52 COM3 (0] Analog DvCC -
COouT 0} LVCMOS DVCC -
S26 (0] Analog DvCC -
67 53 CH1_IN I Analog PvVCC -
68 54 CH1_OUT (0] Analog PVCC -
69 55 PVSS P Power - N/A
70 56 PVCC P Power - N/A
71 57 PvCC P Power - N/A
72 58 PVSS P Power - N/A
73 59 CHO_OUT 0} Analog PvCC -
74 60 CHO_IN I Analog PvCC -
P3.6 1/0 LVCMOS DvVCC OFF
ucB1SIMO 110 LVCMOS DvcC -
UCB1SDA I/0 LVCMOS DvcC -
& - TB0.6 II0 LVCMOS DVCC -
USSXT_BOUT 110 LVCMOS DvCC -
S35 (0] Analog DvCC -
P3.7 110 LVCMOS DVCC OFF
UCB1SOMI 110 LVCMOS DVCC -
UCB1SCL 1/0 LVCMOS DVCC -
7 - TBO.2 /0 LVCMOS DVCC -
TBOOUTH | LVCMOS DvcC -
S36 (0] Analog DvVCC -
77 61 AVSS4 P Power - N/A
78 62 USSXTIN(®) I Analog 15V -
79 63 USSXTOUT®) 0} Analog 15V -
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Table 7-1. Pin Attributes (continued)

LU i POWER RESET STATE
FR6043, FR5043, SIGNAL NAME(") ) SIGNAL TYPE® | BUFFER TYPE®) SOURCE®) AFTER BOR()
FR6041 FR5041

80 64 AVSS1 P Power - N/A

(1) The signal that is listed first for each pin is the reset default pin name.
(2) Signal Types: | = Input, O = Output, /0 = Input or Output.
(3) Buffer Types: LVCMOS, Analog, or Power (see Table 7-3 for details)
(4) To determine the pin mux encodings for each pin, see Section 9.14.
(6) The power source shown in this table is the 1/0 power source, which may differ from the module power source.
(6) Do not connect the USSXTIN and USSXTOUT pins to AVCC or DVCC. USSXTIN does not support bypass mode, so do not drive an
external clock to USSXTIN pin.
(7) Reset States:
OFF = High impedance with Schmitt-trigger input and pullup or pulldown (if available) disabled
PU = Pullup is enabled
PD = Pulldown is enabled
N/A = Not applicable
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7.3 Signal Descriptions

Section 7.3 describes the signals for all device variants and package options.

Table 7-2. Signal Descriptions

PIN NO.()
FUNCTION | SIGNAL NAME 64-PIN | pN TYPE®) DESCRIPTION
80-PINPN| PMOR
RGC

AO 3 | ADC analog input AO
A1 4 | ADC analog input A1
A2 31 25 | ADC analog input A2
A3 32 26 | ADC analog input A3
- AVSS AVSS | ADC analog input A4
- AVSS AVSS | ADC analog input A5
- AVSS AVSS | ADC analog input A6
- AVSS AVSS | ADC analog input A7
A8 25 19 | ADC analog input A8

ADGC A9 26 20 | ADC analog input A9
- AVSS AVSS | ADC analog input A10
- AVSS AVSS | ADC analog input A11
- AVSS AVSS | ADC analog input A12
- AVSS AVSS | ADC analog input A13
A14 2 2 | ADC analog input A14
A15 3 - | ADC analog input A15
VREF+ 5 4 O Output of positive reference voltage
VREF- 4 3 O Output of negative reference voltage
VeREF+ 5 4 | Input for an external positive reference voltage to the ADC
VeREF- 4 3 | Input for an external negative reference voltage to the ADC
ACLK 54, 66 45, 52 O ACLK output
HFXIN 10 9 | Input for high-frequency crystal oscillator HFXT
HFXOUT 11 10 O Output for high-frequency crystal oscillator HFXT

Clock LFXIN 7 6 | Input for low-frequency crystal oscillator LFXT
LFXOUT 8 7 O Output of low-frequency crystal oscillator LFXT
MCLK 52, 64 43, 50 O MCLK output
SMCLK 53, 65 44, 51 O SMCLK output
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Table 7-2. Signal Descriptions (continued)

PIN NO.()
FUNCTION | SIGNAL NAME 64-PIN | pIN TYPE®) DESCRIPTION
80-PINPN| PMOR
RGC
Co 3 | Comparator input CO
C1 4 | Comparator input C1
Cc2 31 25 | Comparator input C2
C3 32 26 | Comparator input C3
Not connected | Comparator input C4
Not connected | Comparator input C5
Not connected | Comparator input C6
Not connected | Comparator input C7
Comparator |C8 25 19 | Comparator input C8
C9 26 20 | Comparator input C9
Cc10 17 13 | Comparator input C10
C11 18 14 | Comparator input C11
C12 19 15 | Comparator input C12
C13 20 16 | Comparator input C13
Cc14 2 2 | Comparator input C14
C15 3 - | Comparator input C15
couT 2,51,66 | 2,42,52 O Comparator output
DMA DMAEO 17,42,65| 13,51 | External DMA trigger
SBWTCK 15 11 | Spy-Bi-Wire input clock
SBWTDIO 16 12 I/O Spy-Bi-Wire data input/output
SRCPUOFF 20 16 O Low-power debug: CPU Status register bit CPUOFF
SROSCOFF 19 15 O Low-power debug: CPU Status register bit OSCOFF
SRSCGO0 18 14 O Low-power debug: CPU Status register bit SCGO
Debug SRSCG1 17 13 (0] Low-power debug: CPU Status register bit SCG1
TCK 20 16 [ Test clock
TCLK 18 14 | Test clock input
TDI 18 14 | Test data input
TDO 17 13 O Test data output port
TEST 15 11 | Test mode pin — select digital I/O on JTAG pins
TMS 19 15 | Test mode select
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Table 7-2. Signal Descriptions (continued)

PIN NO.(")
FUNCTION | SIGNAL NAME 64-PIN PIN TYPE® DESCRIPTION
80-PIN PN| PM OR
RGC
P1.0 4 3 /o General-purpose digital I/O with port interrupt and wakeup from
LPMx.5
P11 5 4 /o General-purpose digital I/O with port interrupt and wakeup from
LPMx.5
P12 25 19 o) General-purpose digital I/O with port interrupt and wakeup from
LPMx.5
P13 2% 20 o) General-purpose digital I/O with port interrupt and wakeup from
LPMx.5
GPIO, P1 — - -
P14 31 25 /o General-purpose digital I/O with port interrupt and wakeup from
LPMx.5
P15 32 26 /o General-purpose digital I/O with port interrupt and wakeup from
LPMx.5
P16 29 23 /o General-purpose digital I/O with port interrupt and wakeup from
LPMx.5
P17 30 24 /o General-purpose digital I/O with port interrupt and wakeup from
LPMx.5
P2.0 27 21 /o General-purpose digital I/0 with port interrupt and wakeup from
LPMx.5
P21 28 22 /o General-purpose digital I/O with port interrupt and wakeup from
LPMx.5
P22 9 5 o) General-purpose digital I/O with port interrupt and wakeup from
LPMx.5
P23 3 _ o) General-purpose digital I/O with port interrupt and wakeup from
LPMx.5
GPIO, P2 — - -
P24 12 _ /o General-purpose digital I/O with port interrupt and wakeup from
LPMx.5
P25 23 _ /o General-purpose digital I/O with port interrupt and wakeup from
LPMx.5
P2.6 13 _ /o General-purpose digital I/O with port interrupt and wakeup from
LPMx.5
P27 14 _ /o General-purpose digital I/O with port interrupt and wakeup from
LPMx.5
P3.0 24 _ /o General-purpose digital I/O with port interrupt and wakeup from
LPMx.5
P3.1 33 27 /o General-purpose digital I/O with port interrupt and wakeup from
LPMx.5
P3.2 63 _ o) General-purpose digital I/O with port interrupt and wakeup from
LPMx.5
P3.3 64 50 o) General-purpose digital I/O with port interrupt and wakeup from
LPMx.5
GPIO, P3 — : :
P3.4 65 51 /o General-purpose digital I/O with port interrupt and wakeup from
LPMx.5
P3.5 66 52 /o General-purpose digital I/O with port interrupt and wakeup from
LPMx.5
P3.6 75 _ /o General-purpose digital I/O with port interrupt and wakeup from
LPMx.5
P3.7 76 _ /o E:&irgl-purpose digital I/O with port interrupt and wakeup from

Copyright © 2021 Texas Instruments Incorporated

Submit Document Feedback

Product Folder Links: MSP430FR6043 MSP430FR60431 MSP430FR6041 MSP430FR5043 MSP430FR50431
MSP430FR5041

21


https://www.ti.com
https://www.ti.com/product/MSP430FR6043
https://www.ti.com/product/MSP430FR60431
https://www.ti.com/product/MSP430FR6041
https://www.ti.com/product/MSP430FR5043
https://www.ti.com/product/MSP430FR50431
https://www.ti.com/product/MSP430FR5041
https://www.ti.com/lit/pdf/SLASEF5
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLASEF5B&partnum=MSP430FR6043
https://www.ti.com/product/msp430fr6043?qgpn=msp430fr6043
https://www.ti.com/product/msp430fr60431?qgpn=msp430fr60431
https://www.ti.com/product/msp430fr6041?qgpn=msp430fr6041
https://www.ti.com/product/msp430fr5043?qgpn=msp430fr5043
https://www.ti.com/product/msp430fr50431?qgpn=msp430fr50431
https://www.ti.com/product/msp430fr5041?qgpn=msp430fr5041

MSP430FR6043, MSP430FR60431, MSP430FR6041 I3 TEXAS

MSP430FR5043, MSP430FR50431, MSP430FR5041 INSTRUMENTS
SLASEF5B — JANUARY 2019 — REVISED DECEMBER 2021 www.ti.com

Table 7-2. Signal Descriptions (continued)

PIN NO.(")
FUNCTION | SIGNAL NAME 64-PIN PIN TYPE® DESCRIPTION
80-PINPN| PMOR
RGC
P4.0 34 28 /o General-purpose digital I/O with port interrupt and wakeup from
LPMx.5
P41 35 29 /o General-purpose digital I/O with port interrupt and wakeup from
LPMx.5
P4.2 36 30 o) General-purpose digital I/O with port interrupt and wakeup from
LPMx.5
P43 37 31 o) General-purpose digital I/O with port interrupt and wakeup from
LPMx.5
GPIO, P4 — - -
P44 38 32 /o General-purpose digital I/O with port interrupt and wakeup from
LPMx.5
P45 39 _ /o General-purpose digital I/O with port interrupt and wakeup from
LPMx.5
P46 40 _ /o General-purpose digital I/O with port interrupt and wakeup from
LPMx.5
P47 42 _ /o General-purpose digital I/O with port interrupt and wakeup from
LPMx.5
P5.0 43 34 /o General-purpose digital I/0 with port interrupt and wakeup from
LPMx.5
P5.1 a4 35 /o General-purpose digital I/O with port interrupt and wakeup from
LPMx.5
P5.2 45 36 o) General-purpose digital I/O with port interrupt and wakeup from
LPMx.5
P53 46 37 o) General-purpose digital I/O with port interrupt and wakeup from
LPMx.5
GPIO, P5 — - -
P5.4 47 38 /o General-purpose digital I/O with port interrupt and wakeup from
LPMx.5
P5.5 48 39 /o General-purpose digital I/O with port interrupt and wakeup from
LPMx.5
P5.6 49 40 /o General-purpose digital I/O with port interrupt and wakeup from
LPMx.5
P5.7 50 41 /o General-purpose digital I/O with port interrupt and wakeup from
LPMx.5
P6.0 51 42 /o General-purpose digital I/O with port interrupt and wakeup from
LPMx.5
P6.1 56 _ /o General-purpose digital I/O with port interrupt and wakeup from
LPMx.5
PG.2 57 47 o) General-purpose digital I/O with port interrupt and wakeup from
LPMx.5
P6.3 60 _ o) General-purpose digital I/O with port interrupt and wakeup from
LPMx.5
GPIO, P6 — - -
P6.4 52 43 /o General-purpose digital I/O with port interrupt and wakeup from
LPMx.5
P6.5 53 44 /o General-purpose digital I/O with port interrupt and wakeup from
LPMx.5
P6.6 54 45 /o General-purpose digital I/O with port interrupt and wakeup from
LPMx.5
P6.7 62 _ /o General-purpose digital I/O with port interrupt and wakeup from
LPMx.5
GPIO, P7 P7.0 55 46 /o General-purpose digital I/O with port interrupt and wakeup from
LPMx.5
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Table 7-2. Signal Descriptions (continued)

PIN NO.(")
FUNCTION | SIGNAL NAME 64-PIN | p|N TYPE®) DESCRIPTION
80-PINPN| PMOR
RGC
PJ.0 17 13 I/0 General-purpose digital 1/0
PJ.1 18 14 I/0 General-purpose digital 1/0
PJ.2 19 15 I/O General-purpose digital I/O
PJ.3 20 16 I/O General-purpose digital I/O
GPIO, PJ
PJ.4 7 6 I/0 General-purpose digital I/O
PJ.5 8 7 I/0 General-purpose digital I/O
PJ.6 10 9 I/0 General-purpose digital I/O
PJ.7 11 10 I/0 General-purpose digital 1/0
UCBOSCL 30 24 le} I2C clock — eUSCI_BO I12C mode
2c UCBOSDA 29 23 Ie} I2C data — eUSCI_BO I12C mode
UCB1SCL 49,76 40 Ie} I2C clock — eUSCI_B1 I12C mode
UCB1SDA 48,75 39 Ie} I2C data — eUSCI_B1 I12C mode
COMO 52 - (6] LCD common output COMO for LCD backplane
COM1 53 - (6] LCD common output COM1 for LCD backplane
COoM2 54 - O LCD common output COM2 for LCD backplane
COM3 66 - O LCD common output COM3 for LCD backplane
COmM4 62 - O LCD common output COM4 for LCD backplane
COM5 63 - O LCD common output COM5 for LCD backplane
COM6 65 - O LCD common output COM®6 for LCD backplane
Ccom7 60 - O LCD common output COM7 for LCD backplane
LCD capacitor connection
LCD LCDCAP 61 - 110 CAUTION: LCDCAP/R33 must be connected to DVSS if not
used.
LCDREF 57 - | External reference voltage input for regulated LCD voltage
R03 56 - 1/0 Input/output port of lowest analog LCD voltage (V5)
R13 57 _ /o Input/output port of third most positive analog LCD voltage (V3
or V4)
R23 60 _ /o Input/output port of second most positive analog LCD voltage
(V2)
Input/output port of most positive analog LCD voltage (V1)
R33 61 - I/0 CAUTION: LCDCAP/R33 must be connected to DVSS if not
used.
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Table 7-2. Signal Descriptions (continued)

PIN NO.(")
FUNCTION | SIGNAL NAME 64-PIN | piN TYPE® DESCRIPTION
80-PINPN| PMOR
RGC

SO 51 - (0] LCD segment output 0
S1 50 - (0] LCD segment output 1
S2 49 - O LCD segment output 2
S3 48 - O LCD segment output 3
S4 47 - (6] LCD segment output 4
S5 46 - O LCD segment output 5
S6 45 - O LCD segment output 6
S7 44 - (0] LCD segment output 7
S8 43 - (0] LCD segment output 8
S9 42 - (0] LCD segment output 9
S10 40 - O LCD segment output 10
S11 39 - O LCD segment output 11
S12 38 - (6] LCD segment output 12
S13 37 - O LCD segment output 13
S14 36 - O LCD segment output 14
S15 35 - (0] LCD segment output 15
S16 30 - (0] LCD segment output 16
S17 29 - (0] LCD segment output 17

LCD S18 28 - O LCD segment output 18
S19 27 - O LCD segment output 19
S20 24 - (6] LCD segment output 20
S21 23 - O LCD segment output 21
S22 14 - O LCD segment output 22
S23 13 - (0] LCD segment output 23
S24 12 - (0] LCD segment output 24
S25 64 - (0] LCD segment output 25
S26 66 - O LCD segment output 26
S27 65 - O LCD segment output 27
S28 63 - (6] LCD segment output 28
S29 62 - O LCD segment output 29
S30 55 - O LCD segment output 30
S31 54 - (0] LCD segment output 31
S32 57 - (0] LCD segment output 32
S33 56 - (0] LCD segment output 33
S34 53 - O LCD segment output 34
S35 75 - O LCD segment output 35
S36 76 - (6] LCD segment output 36

MTIE MTIF_PIN_EN 34 28 | Meter test Interface pin enable
MTIF_OUT_IN 33 27 110 Meter test Interface In/Out
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Table 7-2. Signal Descriptions (continued)

PIN NO.()
FUNCTION | SIGNAL NAME 64-PIN | pIN TYPE®) DESCRIPTION
80-PINPN| PMOR
RGC

AVCC1 1 1 P Analog power supply
AVSS1 80 64 P Analog ground supply
AVSS2 P Analog ground supply
AVSS3 P Analog ground supply
AVSS4 77 61 P Analog ground supply

Power DVCC1 22 18 P Digital power supply
DVCC3 59 49 P Digital power supply
DVSS1 21 17 P Digital ground supply
DVSS2 41 33 P Digital ground supply
DVSS3 58 48 P Digital ground supply
PVCC 70, 71 56, 57 P USS power supply
PVSS 69, 72 55, 58 P USS ground supply

RTC RTCCLK 34, 56 28 O RTC clock calibration output
oo | 235 | am | w0 |Cocksemmmalelso a0 e o
UCAO0SIMO 13, 37 31 1/0 Slave in/master out — eUSCI_AO0 SPI mode
UCAOSOMI 14, 38 32 I/0 Slave out/master in — eUSCI_AO0 SPI mode
UCAOSTE 3,36 30 I/0 Slave transmit enable — eUSCI_AO0 SPI mode
vomow | 4z | sz | w0 [Gosk sl elseu STee made
UCA1SIMO 25 19 I/O Slave in/master out — eUSCI_A1 SPI mode
UCA1SOMI 26 20 I/O Slave out/master in — eUSCI_A1 SPI mode
UCA1STE 5,28 4,22 I/0 Slave transmit enable — eUSCI_A1 SPI mode
voseou | a5 | w | w0 |Cocksemamlelso s e made
UCA2SIMO 19, 43 34 1/0 Slave in/master out — eUSCI_A2 SPI mode
UCA2SOMI 20, 44 35 I/0 Slave out/master in — eUSCI_A2 SPI mode

S| UCA2STE 46 37 I/0 Slave transmit enable — eUSCI_A2 SPI mode
vomow | a0 | a | w0 [Gosk sl elSe u S made
UCA3SIMO 27, 36 21,30 110 Slave in/master out — eUSCI_A3 SPI mode
UCA3SOMI 28, 35 22,29 110 Slave out/master in — eUSCI_A3 SPI mode
UCASBSTE 29 23 I/0 Slave transmit enable — eUSCI_A3 SPI mode
vomo | w2 | | w0 |Gocksmmamalelso B0t o
UCBOSIMO 29 23 1/0 Slave in/master out — eUSCI_B0 SPI mode
UCBOSOMI 30 24 I/0 Slave out/master in — eUSCI_B0 SPI mode
UCBOSTE 31 25 I/0 Slave transmit enable — eUSCI_B0 SPI mode
vomiow |4 | s | w0 [Gosk s elSe el S made
UCB1SIMO 48,75 39 I/O Slave in/master out — eUSCI_B1 SPI mode
UCB1SOMI 49, 76 40 I/O Slave out/master in — eUSCI_B1 SPI mode
UCB1STE 50 41 I/0 Slave transmit enable — eUSCI_B1 SPI mode
NMI 16 12 | Nonmaskable interrupt input

System —
RST 16 12 110 Reset input active low
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Table 7-2. Signal Descriptions (continued)

PIN NO.()
FUNCTION | SIGNAL NAME 64-PIN | pIN TYPE®) DESCRIPTION
80-PINPN| PMOR
RGC
TAO0.0 3 - I/0 TAO CCRO capture: CCIOA input, compare: Out0
TAO0.0 47 38 I/0 TAO CCRO capture: CCIOB input, compare: Out0
) TAO.1 62 - I/O TAO CCR1 capture: CCI1A input, compare: Out1
Timer_AO TAO0.2 50 41 I/O TAO CCR2 capture: CCI2A input, compare: Out2
TAO.2 23 - O TAO compare: Out2 enabled by COUT
TAOCLK 12, 39, 51 42 | TAO input clock
TA1.0 4 3 I/0 TA1 CCRO capture: CCIOA input, compare: OutO
TA1.0 55 46 I/0 TA1 CCRO capture: CCIOB input, compare: Out0
TA1.0 25 19 O TA1 CCRO compare: Out0
TA1.1 63 - I/0 TA1 CCR1 capture: CCI1A input, compare: Out1
Timer_A1 TA1.1 26 20 O TA1 CCR1 compare: Out1
TA1.2 13 - I/O TA1 CCR2 capture: CCI2A input, compare: Out2
TA1.2 55 46 (e} TA1 CCR2 compare: Out2
TA1.2C 13 - O TA1 CCR2 compare: Out2 enabled by COUT
TA1CLK 12, 33, 39 27 | TA1 input clock
TA4.0 5 4 I/0 TA4 CCRO capture: CCIOA input, compare: OutO
TA4.0 23 - I/0 TA4 CCRO capture: CCIOB input, compare: Out0
TA4.0 47 38 O TA4 CCRO compare: Out0
Timer Ad TA4.1 14 - I/O TA4CCR1 capture: CCI1B input, compare: Out1
- TA4.1 48 39 I/O TA4 CCR1 capture: CCI1A input, compare: Out1
TA4.1 34 28 (e} TA4 CCR1 compare: Out1
TA4.1C 14 - O TA4 CCR1 compare: Out1 enabled by COUT
TA4CLK 18, 40 14 | TA4 input clock
TB0.0 43 34 I/0 TBO CCRO capture: CCIOB input, compare: Out0
TB0.0 24 - I/0 TBO CCRO capture: CCIOA input, compare: Out0
TBO.1 33 27 I/0 TBO CCR1 capture: CCI1A input, compare: Out1
TBO.1 44 35 (e} TBO CCR1 compare: Out1
TB0.2 76 - I/O TBO CCR2 capture: CCI2A input, compare: Out2
TB0.2 45 36 (6] TB0 CCR2 compare: Out2
TBO0.3 46 37 I/0 TBO CCR3 capture: CCI3A input, compare: Out3
) TB0.3 64 50 I/0 TBO CCR3 capture: CCI3B input, compare: Out3
Timer_BO TB0.4 31 25 I/0 TBO CCRA4 capture: CCI4A input, compare: Out4
TB0.4 35 29 I/0 TBO CCR4 capture: CCI4B input, compare: Out4
TB0.5 32 26 I/0 TBO CCRS5 capture: CCI5A input, compare: Out5
TBO0.5 36 30 I/O TBOCCRS5 capture: CCI5B input, compare: Out5
TBO0.6 75 - I/O TBO CCR6 capture: CCI6B input, compare: Out6
TBO0.6 20 16 I/0 TBO CCR6 capture: CCI6A input, compare: Out6
TBOCLK 12, 40,57 47 | TBO clock input
TBOOUTH 19, 49,76 15 | Switch all PWM outputs high impedance input — TBO
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Table 7-2. Signal Descriptions (continued)

PIN NO.()
FUNCTION | SIGNAL NAME 64-PIN | pIN TYPE®) DESCRIPTION
80-PINPN| PMOR
RGC
UCAORXD 14, 38 32 | Receive data — eUSCI_AO0 UART mode
UCAOTXD 13, 37 31 O Transmit data — eUSCI_AO0 UART mode
UCA1RXD 26 20 | Receive data — eUSCI_A1 UART mode
UCA1TXD 25 19 O Transmit data — eUSCI_A1 UART mode
UART UCA2RXD 20, 44 16, 35 | Receive data — eUSCI_A2 UART mode
UCA2TXD 19, 43 15, 34 O Transmit data — eUSCI_A2 UART mode
UCA3RXD 28, 35 22,29 | Receive data — eUSCI_A3 UART mode
UCA3TXD 27, 36 21,30 O Transmit data — eUSCI_A3 UART mode
USSTRG 30 24 | USS UUPS trigger
USSXTIN 78 62 | Input for an oscillator USSXT
USSXTOUT 79 63 O Output for an oscillator USSXT
USSXT_BOUT 75,10 9 (¢} Buffered output clock of USSXT
USS_A CHO_IN 74 60 | USS Channel 0 RX
CHO_OUT 73 59 110 USS Channel 0 TX
CH1_IN 67 53 | USS Channel 1 RX
CH1_OUT 68 54 110 USS Channel 1 TX
XPBO 55 46 O External bias output
XPB1 64 50 O External bias output
(1) N/A =not available
(2) 1=input, O = output, P = power
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7.4 Pin Multiplexing

Pin multiplexing for these devices is controlled by both register settings and operating modes (for example, if
the device is in test mode). For details of the settings for each pin and diagrams of the multiplexed ports, see
Section 9.14.

7.5 Buffer Type
Table 7-3 describes the buffer types that are referenced in Table 7-1.
Table 7-3. Buffer Type

NOMINAL
BUFFER TYPE NOMINAL HYSTERESIS OPRUII;LI;EITI)(S\‘)’V)N PU OR PD og?:‘éLg?:_YE OTHER
(STANDARD) VOLTAGE STRENGTH CHARACTERISTICS
(PD) A (mA)
(WA)
See analog modules in
2
Analog 3oV N N/A N/A N/A Specifications for details
See Typical
LVCMOS 3.0V y() Programmable | S°¢ Generak | o cteristics —
Purpose I/Os
Outputs
Power (DVCC)®) 3.0V N N/A N/A N/A SVS enables hysteresis on
DVCC
Power (AVCC)®) 3.0V N N/A N/A N/A
Power (PVCC)®) 30V N N/A N/A N/A
Power (DVSS
and AVSS)® ov N N/A N/A N/A

(1) Only for input pins

(2) This is a switch, not a buffer.

(3) This is supply input, not a buffer.

7.6 Connection of Unused Pins

Table 7-4 lists the correct termination of all unused pins.

Table 7-4. Connection of Unused Pins

PIN(") POTENTIAL COMMENT

AVCC DVcc

PvVCC DVcc

AVSS DVss

PVSS DVss

USS_CHx_IN, DVss

USS_CHx_OUT

USSXTIN DVss

USSXTOUT DVss

Px.0 to Px.7 Open Switched to port function, output direction (PxDIR.n = 1)

RST/NMI DV¢c or Ve 47-kQ pullup or internal pullup selected with 10-nF (2.2 nF®) pulldown

Ej?ﬁglo The JTAG pins are shargd with general-pgrpose 1/O function (PJ.x). !f not being .used, these shquld
PJ.2/TMS Open be switched to port function, output direction. When used as JTAG pins, these pins should remain
PJ.3/TCK open.

TEST Open This pin always has an internal pulldown enabled.

(1) For any unused pin with a secondary function that is shared with general-purpose I/0, follow the guidelines for the Px.0 to Px.7 pins.
(2) The pulldown capacitor should not exceed 2.2 nF when using devices with Spy-Bi-Wire interface in Spy-Bi-Wire mode or in 4-wire
JTAG mode with Tl tools like FET interfaces or GANG programmers.
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8 Specifications

8.1 Absolute Maximum Ratings

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

MIN MAX UNIT
Voltage applied at DVCC and AVCC pins to Vgs -0.3 41 \%
Voltage applied at DVCC, AVCC, and PVCC pins to Vsg -0.3 4.1 \%
Voltage difference between DVCC and AVCC pins(? +0.3 \%
Voltage difference between DVCC, AVCC, and PVCC pins(@ +0.3 \%
Voltage applied to CHx_IN -0.3 1.65 \%
Voltage applied to CHx_IN (duty cycle of 10% over 1ms) -0.3 1.8 \Y
Voltage applied to USSXTIN (USSXTOUT) -0.3 1.5 \Y
Voltage applied to any other pin 3) -0.3 \(C;C? :/?/I?;)X Y,
Diode current at any device pin +2 mA
Storage temperature, Tgig 4 —40 125 °C

(1)

@)

@)
(4)

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.

Voltage differences between DVCC and AVCC exceeding the specified limits may cause malfunction of the device including erroneous
writes to RAM and FRAM.

All voltages referenced to Vgg.

Higher temperature may be applied during board soldering according to the current JEDEC J-STD-020 specification with peak reflow
temperatures not higher than classified on the device label on the shipping boxes or reels.

8.2 ESD Ratings

VALUE UNIT
Electrostatic discharge |Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001(") +1000
VEesp) (all except CHx_OUT ; . \
terminals) Charged-device model (CDM), per JEDEC specification JESD22-C101(2) +250
Electrostatic discharge |Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001(") +1000
\ (on CHx_OUT : I \Y
(ESD) _ R R (2)
terminals) Charged-device model (CDM), per JEDEC specification JESD22-C101 +250

M
@)

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

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

Copyright © 2021 Texas Instruments Incorporated Submit Document Feedback

Product Folder Links: MSP430FR6043 MSP430FR60431 MSP430FR6041 MSP430FR5043 MSP430FR50431
MSP430FR5041

29


https://www.ti.com
https://www.ti.com/product/MSP430FR6043
https://www.ti.com/product/MSP430FR60431
https://www.ti.com/product/MSP430FR6041
https://www.ti.com/product/MSP430FR5043
https://www.ti.com/product/MSP430FR50431
https://www.ti.com/product/MSP430FR5041
https://www.ti.com/lit/pdf/SLASEF5
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLASEF5B&partnum=MSP430FR6043
https://www.ti.com/product/msp430fr6043?qgpn=msp430fr6043
https://www.ti.com/product/msp430fr60431?qgpn=msp430fr60431
https://www.ti.com/product/msp430fr6041?qgpn=msp430fr6041
https://www.ti.com/product/msp430fr5043?qgpn=msp430fr5043
https://www.ti.com/product/msp430fr50431?qgpn=msp430fr50431
https://www.ti.com/product/msp430fr5041?qgpn=msp430fr5041

MSP430FR6043, MSP430FR60431, MSP430FR6041 I3 TEXAS

MSP430FR5043, MSP430FR50431, MSP430FR5041 INSTRUMENTS
SLASEF5B — JANUARY 2019 — REVISED DECEMBER 2021 www.ti.com

8.3 Recommended Operating Conditions
TYP data are based on Ve = 3.0 V and Ta = 25°C (unless otherwise noted)

MIN NOM MAX| UNIT

Vee Supply voltage range applied at all DVCC and AVCC pins (1) (3) (4) (2) 1.8 36| V

Vee Supply voltage range applied at PVCC pin(!) 22 36| V

Vss Supply voltage applied at all DVSS, AVSS, and PVSS pins. 0 \%

Ta Operating free-air temperature -40 85| °C

Covee Capacitor value at DVCC®) 23cy: uF
No FRAM wait states 0 8@

f P f (maximum MCLK f G (NWAITSx = 0)

rocessor frequency (maximum requenc

SYSTEM aueney dueney With FRAM wait states o 1600 | MHZ
(NWAITSx = 1)®)

flea LEA processor frequency 0 16(10)

facLK Maximum ACLK frequency 50| kHz

fsmeLk Maximum SMCLK frequency 16(10)| MHz

(1) Tl recommends powering AVCC, DVCC, PVCC pins from the same source. At a minimum, during power up, power down, and device
operation, the voltage difference among AVCC, DVCC, PVCC must not exceed the limits specified under Absolute Maximum Ratings.
Exceeding the specified limits may cause malfunction of the device including erroneous writes to RAM and FRAM.

(2) USS module must be disabled if AVCC and DVCC are lower than 2.2 V.

(38) Fast supply voltage changes can trigger a BOR reset even within the recommended supply voltage range. To avoid unwanted BOR
resets, the supply voltage must change by less than 0.05 V per microsecond (+0.05 V/us). Following the data sheet recommendation
for capacitor Cpycc should limit the slopes accordingly.

(4) Modules may have a different supply voltage range specification. Refer to the specification of the respective module in this data sheet.

(5) As decoupling capacitor for each supply pin pair of DVCC/ DVSS and AVCC/AVSS, place a low-ESR ceramic capacitor of 100 nF
(minimum) as close as possible (few millimeters) to the respective pin pairs, for PVCC/PVSS pair, place a low-ESR ceramic capacitor
of 22 uF (minimum) as close as possible (few millimeters) to the respective pin pairs.

(6) Modules may have a different maximum input clock specification. See the specification of each module in this data sheet.

(7) The minimum supply voltage is defined by the supervisor SVS levels. See the PMM SVS threshold parameters for the exact values.

(8) Wait states only occur on actual FRAM accesses; that is, on FRAM cache misses. RAM and peripheral accesses are always
excecuted without wait states.

(9) DCO settings and HF cyrstals with a typical value less than or equal to the specified MAX value are permitted.

(10) DCO settings and HF cyrstals with a typical value less than or equal to the specified MAX value are permitted. If a clock source with a
higher typical value is used, the clock must be divided in the clock system.
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8.4 Active Mode Supply Current Into V¢ Excluding External Current

over recommended operating free-air temperature (unless otherwise noted)(") (2)

FREQUENCY (fycik = fsmcLk)
EXECUTION 1 MHz 4 MHz 8 MHz 12 MHz 16 MHz
PARAMETER MEMORY Vce | 0 WAIT STATES | 0 WAIT STATES | 0 WAIT STATES | 1 WAIT STATE | 1 WAIT STATE | UNIT
(NWAITSx =0) | (NWAITSx=0) | (NWAITSx=0) | (NWAITSx=1) | (NWAITSx =1)
TYP MAX TYP MAX TYP MAX TYP MAX TYP MAX
|AM, FRAM_UNI
(Unified memory)@ FRAM 3.0V 225 665 1275 1550 1970 HA
FRAM
Iam, FRam(0%)4) ©) 0% cache hit 3.0V 420 1455 2850 2330 3000 pA
ratio
FRAM
Iam, FRaM(50%)) (®) 50% cache hit 3.0V 275 855 1022 1650 1888 1770 2041 2265 2606 pA
ratio
FRAM
Iam, FRAM(66%)) (®) 66% cache hit 3.0V 220 650 1240 1443 1490 1735 1880 2197 HA
ratio
FRAM
Iam, FRam(75%)) ) 75% cache hit 3.0V 192 261 535 1015 1170 1290 1490 1620 1870 uA
ratio
FRAM
lam, Fram(100% ™) (3) 100% cache hit | 3.0V 125 237 450 670 790 uA
ratio
lam, RAM ©) (%) RAM 3.0V 140 323 590 880 1070 uA
|AM, RAM only ™ ®) RAM 3.0V 90 182 292 540 830 1020 1313 uA

M
)

©)
4)
®)

(6)
M

All inputs are tied to 0 V or to V. Outputs do not source or sink any current.

Characterized with program executing typical data processing.

facLk = 32768 Hz, fycik = fsmcLk = foco at specified frequency, except for 12 MHz. For 12 MHz, fpco = 24 MHz and

fmeLk = fsmerk = foco/2.

At MCLK frequencies above 8 MHz, the FRAM requires wait states. When wait states are required, the effective MCLK frequency
(fucLk efr) decreases. The effective MCLK frequency also depends on the cache hit ratio. SMCLK is not affected by the number of wait
states or the cache hit ratio.

The following equation can be used to compute fycik ef:

fmcLk et = fmcLk / [wait states x (1 — cache hit ratio) + 1]

For example, with 1 wait state and 75% cache hit ratio, fycke erf = fucik / [1 % (1 = 0.75) + 1] = fycik / 1.25.

Represents typical program execution. Program and data reside entirely in FRAM. All execution is from FRAM.

Program resides in FRAM. Data resides in SRAM. Average current dissipation varies with cache hit-to-miss ratio as specified. Cache
hit ratio represents number cache accesess divided by the total number of FRAM accesses. For example, a 75% ratio implies three of
every four accesses is from cache, and the remaining are FRAM accesses.

See Section 8.5 for typical curves. Each characteristic equation shown in the graph is computed using the least squares method for
best linear fit using the typical data shown in Section 8.4.

Program and data reside entirely in RAM. All execution is from RAM.

Program and data reside entirely in RAM. All execution is from RAM. FRAM is off.
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8.5 Typical Characteristics, Active Mode Supply Currents

3000

-==X---1(AM,0%) X

- )= = |(AM,50%) =

2500 | —5¢ = 1(AM,66%) -

—— [(AM,75%) |7
< I(AM,75%)[A] ~ 120 x f[MHZ] + 68 Jtie
32000 | — 3 — I(AM,100%)
5 —%— I(AM,RAMonly)
3>
(&)
S 1500
©
o
=
(0]
=
£ 1000
<

500 e
T’% =
0
0 1 2 3 4 5 6 7 8 9

MCLK Frequency (MHz)

A.  l(am, cache hit ratio): Program resides in FRAM. Data resides in SRAM. Average current dissipation varies with cache hit-to-miss ratio as
specified. Cache hit ratio represents number cache accesses divided by the total number of FRAM accesses. For example, a 75% ratio
implies three of every four accesses is from cache, and the remaining are FRAM accesses.

B.  liam, RAM only): Program and data reside entirely in RAM. All execution is from RAM. FRAM is off.

Figure 8-1. Typical Active Mode Supply Currents, No Wait States

8.6 Low-Power Mode (LPMO, LPM1) Supply Currents Into V¢ Excluding External Current

over recommended operating free-air temperature (unless otherwise noted)(!) (2)

FREQUENCY (fsmcik)
PARAMETER Vee 1 MHz 4 MHz 8 MHz 12 MHz 16 MHz UNIT
TYP MAX TYP MAX TYP MAX TYP MAX TYP MAX
22V 80 115 180 276 250
ILpmo pA
3.0V 95 148 125 178 190 245 286 340 265 316
22V 40 70 136 230 205
lLpm1 pA
3.0V 40 70 70 136 235 210 250

(1) Allinputs are tied to 0 V or to V¢¢. Outputs do not source or sink any current.

(2) Current for watchdog timer clocked by SMCLK included.
facLk = 32768 Hz, fycLk = 0 MHz, fsmek = foco at specified frequency, except for 12 MHz. For 12 MHz, foco = 24 MHz and
fmeLk = fsmcik = foco / 2.
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8.7 Low-Power Mode (LPM2, LPM3, LPM4) Supply Currents (Into V¢c) Excluding External

Current
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
TEMPERATURE
PARAMETER . -40°C 25°C 60°C 85°C UNIT
ce TYP MAX| TYP MAX| TYP MAX| TYP MAX
| Low-power mode 2, 12-pF 22V 0.8 1.3 4.1 10.8 uA
LPM2XTI2 crystal() () @) 3V 0.8 1.3 4.1 10.8
| Low-power mode 2, 3.7-pF | 22V 0.6 12 4.0 10.7 uA
LPM2XTST crystall) @) 4) 3V 0.6 1.2 4.0 10.7
| Low-power mode 2, VLO, 22V 0.5 1.0 3.8 105 A
LPM2VLO - includes SVS(©) 3V 05 1.0 3.8 105 v
Low-power mode 3, 12-pF 22V 0.8 1.1 1.0 2.2 4.5 10.1
| crystal, includes SVS(1) (3) A
LPM3xTiz Y 3V 0.8 1.0 2.2 45 "
Low-power mode 3, 3.7-pF | 2.2V 0.5 0.7 2.1 4.4 9.8
| crystal, excludes SVS() () A
LPM3xT37 OV 3V 05 0.7 2.1 44 08| "
Low-power mode 3, 22V 0.4 0.5 1.2 1.9 4.2 9.6
TLVEAES VLO, excludes SVS(@®) 3V 0.4 05 1.9 4.2 WA
Low-power mode 3, 22V 0.36 0.47 1.1 1.4 2.9 2.6 8.2
ILPMS,VLO, VLO, excludes SVS, WA
RAMoff RAM powered-down 3V 0.36 0.47 14 26
completely(®)
| Low-power mode 4, 22V 0.5 0.6 1.2 1.9 4.3 9.7 A
LPMASYS includes SVS(©) 3V 05 0.8 0.6 1.9 43 "
Low-power mode 4, 22V 0.3 0.4 1.1 1.7 4.0 9.4
ILpma4 (10) pA
excludes SVS 3V 0.3 0.4 1.7 4.0
Low-power mode 4, 22V 0.3 0.37 1.0 1.2 2.8 2.5 8
| excludes SVS, A
LPMARAMOT RAM powered-down 3V 0.3 0.37 1.2 25 !
completely(0)
Additional idle current if
one or more modules from
lipLE,Groupa ~ Group A (see Table 9-3) 3V 0.02 0.3 HA
are activated in LPM3 or
LPM4
Additional idle current if
one or more modules from
lipLE,Groups ~ Group B (see Table 9-3) 3V 0.02 0.35 MA
are activated in LPM3 or
LPM4
Additional idle current if
one or more modules from
lipLE,Groupc ~ Group C (see Table 9-3) 3V 0.02 0.38 MA
are activated in LPM3 or
LPM4

(1) Not applicable for devices with HF crystal oscillator only.
(2) Characterized with a Seiko SSP-T7-FL (SMD) crystal with a load capacitance of 3.7 pF. The internal and external load capacitance are

chosen to closely match the required 3.7-pF load.

(3) Characterized with a Micro Crystal MS1V-T1K crystal with a load capacitance of 12.5 pF. The internal and external load capacitance
are chosen to closely match the required 12.5-pF load.

(4) Low-power mode 2, crystal oscillator test conditions:

Current for watchdog timer clocked by ACLK and RTC clocked by XT1 included. Current for brownout and SVS included.
CPUOFF =1, SCG0 =0 SCG1 =1, OSCOFF =0 (LPM2), fXT1 = 32768 Hz, fACLK = fXT‘lv fMCLK = fSMCLK =0 MHz
(5) Low-power mode 2, VLO test conditions:
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Current for watchdog timer clocked by ACLK included. RTC disabled (RTCHOLD = 1). Current for brownout and SVS included.
CPUOFF =1, SCG0 =0 SCG1 =1, OSCOFF =0 (LPM2), fXT1 =0 Hz, fACLK = fVLOr fMCLK = fSMCLK =0 MHz

(6) Low-power mode 3, 12-pF crystal including SVS test conditions:
Current for watchdog timer clocked by ACLK and RTC clocked by XT1 included. Current for brownout and SVS included (SVSHE = 1).
CPUOFF =1, SCG0 =1 SCG1 =1, OSCOFF =0 (LPM3), fXT1 = 32768 Hz, fACLK = fx'|'1, fMCLK = fSMCLK =0 MHz
Activating additional peripherals increases the current consumption due to active supply current contribution as well as due to
additional idle current. Refer to the idle currents specified for the respective peripheral groups.

(7) Low-power mode 3, 3.7-pF crystal excluding SVS test conditions:
Current for watchdog timer clocked by ACLK and RTC clocked by XT1 included. Current for brownout included. SVS disabled (SVSHE
=0).
CPUOFF =1, SCG0 =1 SCG1 =1, OSCOFF =0 (LPM3), fXT1 = 32768 Hz, fACLK = fXT1r fMCLK = fSMCLK =0 MHz
Activating additional peripherals increases the current consumption due to active supply current contribution as well as due to
additional idle current. Refer to the idle currents specified for the respective peripheral groups.

(8) Low-power mode 3, VLO excluding SVS test conditions:
Current for watchdog timer clocked by ACLK included. RTC disabled (RTCHOLD = 1). RAM disabled (RCCTLO = 5A55h). Current for
brownout included. SVS disabled (SVSHE = 0).
CPUOFF =1, SCG0 =1 SCG1 =1, OSCOFF =0 (LPM3), fXT1 =0 Hz, fACLK = fVLOr fMCLK = fSMCLK =0 MHz
Activating additional peripherals increases the current consumption due to active supply current contribution as well as due to
additional idle current. Refer to the idle currents specified for the respective peripheral groups.

(9) Low-power mode 4 including SVS test conditions:
Current for brownout and SVS included (SVSHE = 1).
CPUOFF =1, SCG0 =1SCG1 =1, OSCOFF =1 (LPM4), fXT1 =0 Hz, fACLK =0 Hz, fMCLK = fSMCLK =0 MHz
Activating additional peripherals increases the current consumption due to active supply current contribution as well as due to
additional idle current. Refer to the idle currents specified for the respective peripheral groups.

(10) Low-power mode 4 excluding SVS test conditions:
Current for brownout included. SVS disabled (SVSHE = 0). RAM disabled (RCCTLO = 5A55h).
CPUOFF =1, SCG0 =1SCG1 =1, OSCOFF =1 (LPM4), fXT1 =0 Hz, fACLK =0 Hz, fMCLK = fSMCLK =0 MHz
Activating additional peripherals increases the current consumption due to active supply current contribution as well as due to
additional idle current. Refer to the idle currents specified for the respective peripheral groups.

8.8 Low-Power Mode With LCD Supply Currents (Into V¢c) Excluding External Current

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

TEMPERATURE (Tp)
PARAMETER Vee -40°C 25°C 60°C 85°C UNIT
TYP MAX TYP MAX TYP MAX TYP MAX
| Low-power mode 3 (LPM3)
LPM3,XT12
i current,12 pF crystal, LCD
LCD, Pttt A et 3.0V 0.9 1.1 25 5.1 bA
ext. bias biasing, excludes SVS(1) ()
Low-power mode 3 (LPM3)
| current,12 pF crystal, LCD
LPM3,XT12 i ;
LCD, sia”;‘ij:gmsﬁ;b 'gts;:;') 3.0V 13 1.4 2.0 2.2 45 49 125 A
int. bias | yisabled, excludes SVS(!
®)
Low-power mode 3 (LPM3) | 2.2V 3.6 4 5.1 8.1 MA
current,12 pF crystal, LCD
ILPM3,XT12 4-mux mode, internal
LCD,CP biasing, charge pump 3.0V 34 3.7 4.9 8.1 pA
enabled, 1/3 bias, excludes
Svs(h) 4)

(1)  Current for watchdog timer clocked by ACLK and RTC clocked by XT1 included. Current for brownout included. SVS disabled (SVSHE
=0).
CPUOFF =1, SCG0 =1 SCG1 =1, OSCOFF =0 (LPM3),
fxr1 = 32768 Hz, facLk = fxt1, fmcLk = fsmek = 0 MHz
Activating additional peripherals increases the current consumption due to active supply current contribution as well as due to
additional idle current - idle current of Group containing LCD module already included. Refer to the idle currents specified for the
respective peripheral groups.

(2) LCDMx = 11 (4-mux mode), LCDREXT = 1, LCDEXTBIAS = 1 (external biasing), LCD2B = 0 (1/3 bias), LCDCPEN = 0 (charge pump
disabled), LCDSSEL = 0, LCDPREx = 101, LCDDIVx = 00011 (f_cp = 32768 Hz / 32 / 4 = 256 Hz)
Current through external resistors not included (voltage levels are supplied by test equipment).
Even segments S0, S2,... = 0, odd segments S1, S3,... = 1. No LCD panel load.

(3) LCDMx =11 (4-mux mode), LCDREXT = 0, LCDEXTBIAS = 0 (internal biasing), LCD2B = 0 (1/3 bias), LCDCPEN = 0 (charge pump
disabled), LCDSSEL = 0, LCDPREx = 101, LCDDIVx = 00011 (f_cp = 32768 Hz / 32 / 4 = 256 Hz)
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Even segments S0, S2,... = 0, odd segments S1, S3,... = 1. No LCD panel load.

(4) LCDMx = 11 (4-mux mode), LCDREXT = 0, LCDEXTBIAS = 0 (internal biasing), LCD2B = 0 (1/3 bias), LCDCPEN = 1 (charge pump
enabled), VLCDx = 1000 (V ¢cp = 3 V typical), LCDSSEL = 0, LCDPREx = 101, LCDDIVx = 00011 (f_cp = 32768 Hz / 32 / 4 = 256 Hz)
Even segments S0, S2,... = 0, odd segments S1, S3,... = 1. No LCD panel load.

8.9 Low-Power Mode (LPMx.5) Supply Currents (Into V¢c) Excluding External Current

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

TEMPERTURE (Tp)
PARAMETER Vee -40°C 25°C 60°C 85°C UNIT
TYP MAX| TYP MAX| TYP MAX| TYP MAX
Low-power mode 3.5, 12- 22V 0.45 0.5 0.55 0.75
emssxriz - bF arystal including SV o 0.45 0.5 0.55 075 bA
Low-power mode 3.5, 3.7- 22V 0.3 0.35 0.4 0.65
ILPM3.5.XT3.7 (p;l):(g)rystal excluding SVs(") 30V 03 0.35 04 0.65 pA
Loussay  LOWPOWEr mode 4.5 22V 0.23 0.2 0.28 0.4 A
: including SVS©) 3.0V 0.23 0.2 0.28 0.4
s Low-power mode 4.5, 22V | 0035 0.045 0.075 0.15 A
excluding SVS(7) 30V | 0035 0.045 0.075 0.15

(1)  Not applicable for devices with HF crystal oscillator only.
(2) Characterized with a Seiko SSP-T7-FL (SMD) crystal with a load capacitance of 3.7 pF. The internal and external load capacitance are
chosen to closely match the required 3.7-pF load.
(3) Characterized with a Micro Crystal MS1V-T1K crystal with a load capacitance of 12.5 pF. The internal and external load capacitance
are chosen to closely match the required 12.5-pF load.
(4) Low-power mode 3.5, 1-pF crystal including SVS test conditions:
Current for RTC clocked by XT1 included. Current for brownout and SVS included (SVSHE = 1). Core regulator disabled.
PMMREGOFF =1, CPUOFF =1, SCG0 = 1 SCG1 = 1, OSCOFF = 1 (LPMx.5),
fxr1 = 32768 Hz, facik = fxt1, fmcik = fsmok = 0 MHz
(5) Low-power mode 3.5, 3.7-pF crystal excluding SVS test conditions:
Current for RTC clocked by XT1 included.Current for brownout included. SVS disabled (SVSHE = 0). Core regulator disabled.
PMMREGOFF = 1, CPUOFF =1, SCG0 = 1 SCG1 =1, OSCOFF = 1 (LPMx.5),
fxr1 = 32768 Hz, facik = fxt1, fmcik = fsmek = 0 MHz
(6) Low-power mode 4.5 including SVS test conditions:
Current for brownout and SVS included (SVSHE = 1). Core regulator disabled.
PMMREGOFF = 1, CPUOFF =1, SCG0 = 1 SCG1 =1, OSCOFF = 1 (LPMx.5),
fxr1 = 0 Hz, facLk = 0 Hz, fycik = fsmeLk = 0 MHz
(7) Low-power mode 4.5 excluding SVS test conditions:
Current for brownout included. SVS disabled (SVSHE = 0). Core regulator disabled.
PMMREGOFF = 1, CPUOFF =1, SCG0 = 1 SCG1 =1, OSCOFF = 1 (LPMx.5),
fxr1 = 0 Hz, facLk = 0 Hz, fycik = fsmeLk = 0 MHz
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8.10 Typical Characteristics, Low-Power Mode Supply Currents

Figure 8-2, Figure 8-3, Figure 8-4, and Figure 8-5 show the supply current vs temperature typical characterstics for selected

low-power modes.
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Figure 8-2. LPM3 Supply Current vs Temperature (LPM3,XT3.7)
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Figure 8-5. LPM4.5 Supply Current vs Temperature (LPM4.5)
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8.11 Current Consumption per Module

MODULE( TEST CONDITIONS REFERENCE CLOCK MIN TYP MAX UNIT
Timer_A Module input clock 25 MA/MHz
Timer_B Module input clock 3.7 HA/MHz
eUSCI_A UART mode Module input clock 6.3 7.0 pA/MHz
eUSCI_A SPI mode Module input clock 4.4 48| WA/MHz
eUSCI_B SPI mode Module input clock 4.4 WA/MHz
eUSCI_B 12C mode, 100 kbaud Module input clock 4.4 WA/MHz
RTC_C 32 kHz 100 nA
MPY Only from start to end of operation MCLK 28 MA/MHz
CRC16 Only from start to end of operation MCLK 3.3 WA/MHz
CRC32 Only from start to end of operation MCLK 3.3 WA/MHz
LEA 256-point complex FFT, data = non-zero MCLK 70 78 85| WA/MHz
LEA 256-point complex FFT, data = zero MCLK 55 60| PA/MHz
TIE | Senermr s ot e bl 21258 110 e 2
(1)  For other module currents not listed here, see the module-specific parameter sections.

8.12 Thermal Resistance Characteristics

THERMAL METRIC(") PACKAGE VALUE®) UNIT
RO,A Junction-to-ambient thermal resistance, still air 53.3 °C/W
R8,c(Top) Junction-to-case (top) thermal resistance 15.2 °C/W
RO, Junction-to-board thermal resistance 28.4 °C/W

QFP-80 (PN)
Y Junction-to-board thermal characterization parameter 28.0 °C/W
Wr Junction-to-top thermal characterization parameter 0.7 °C/W
R6,cgoTTOM) Junction-to-case (bottom) thermal resistance N/AG) °C/W
RO A Junction-to-ambient thermal resistance, still air 56.6 °C/W
RO,c(top) Junction-to-case (top) thermal resistance 16.4 °C/W
RO, Junction-to-board thermal resistance 27.8 °C/W
QFP-64 (PM)

Y5 Junction-to-board thermal characterization parameter 27.5 °C/W
Wyr Junction-to-top thermal characterization parameter 0.8 °C/W
R6,cBoTTOM) Junction-to-case (bottom) thermal resistance N/A °C/W
RO A Junction-to-ambient thermal resistance, still air 247 °C/W
RO,c(top) Junction-to-case (top) thermal resistance 12.3 °C/W
RO, g Junction-to-board thermal resistance RGC.-64 8.8 °C/W
Y Junction-to-board thermal characterization parameter 8.7 °C/W
WYr Junction-to-top thermal characterization parameter 0.1 °C/W
R8,coTTOM) Junction-to-case (bottom) thermal resistance N/A °C/W

(1)  For more information about traditional and new thermal metrics, see Semiconductor and IC Package Thermal Metrics.

@

(©)

These values are based on a JEDEC-defined 2S2P system (with the exception of the Theta JC (R8,¢) value, which is based on a
JEDEC-defined 1SOP system) and will change based on environment and application. For more information, see these EIA/JEDEC
standards:

+ JESD51-2, Integrated Circuits Thermal Test Method Environmental Conditions - Natural Convection (Still Air)
+ JESD51-3, Low Effective Thermal Conductivity Test Board for Leaded Surface Mount Packages
+ JESD51-7, High Effective Thermal Conductivity Test Board for Leaded Surface Mount Packages

+ JESD51-9, Test Boards for Area Array Surface Mount Package Thermal Measurements
N/A = Not applicable
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8.13 Timing and Switching Characteristics
8.13.1 Power Supply Sequencing

Tl recommends powering AVCC and DVCC pins from the same source. At a minimum, during power up,
power down, and device operation, the voltage difference between AVCC and DVCC must not exceed the limits
specified in Absolute Maximum Ratings. Exceeding the specified limits may cause malfunction of the device
including erroneous writes to RAM and FRAM.

Section 8.13.1.1 lists the power ramp requirements for brownout and power up.

8.13.1.1 Brownout and Device Reset Power Ramp Requirements

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

PARAMETER TEST CONDITIONS MIN MAX| UNIT
Vvcc Bor-  Brownout power-down level() | dDVec/di | <3 Vis 0.7 166 V
Vvec Bor+  Brownout power-up level™ | dDVec/d; | < 3 V/s@ 0.79 168 V

(1) Fast supply voltage changes can trigger a BOR reset even within the recommended supply voltage range. To avoid unwanted BOR
resets, the supply voltage must change by less than 0.05 V per microsecond (+0.05 V/us). Following the data sheet recommendation

for capacitor Cpycc should limit the slopes accordingly.
(2) The brownout levels are measured with a slowly changing supply.

Section 8.13.1.2 lists the characteristics of the SVS.

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

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
IsvsH,LPM SVSy current consumption, low power modes 170 300 nA
VsvsH- SVSy power-down level 1.75 1.80 1.85 \Y
VsvsH+ SVSy power-up level 1.77 1.88 1.99 \Y
VsvsH_hys SVSy hysteresis 40 120 mV
tpp,svsH, AM SVSy, propagation delay, active mode dVyc/dt = =10 mV/us 10| s

8.13.2 Reset Timing
Section 8.13.2.1 lists the requirements for the reset input.

8.13.2.1 Reset Input

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

trst) External reset pulse duration on RST (¥ 22V,3.0V 2 us

(1) Not applicable if RST/NMI pin configured as NMI .
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8.13.3 Clock Specifications
8.13.3.1 Low-Frequency Crystal Oscillator, LFXT

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,
lvee.LExT Current consumption LFXTBYPASS = 0, LFXTDRIVE = {0}, 3.0V 180 nA
Ta =25°C, C ot = 3.7 pF, ESR = 44 kQ
fosc = 32768 Hz,
LFXTBYPASS = 0, LFXTDRIVE = {1}, 3.0V 185 nA
Ta =25°C, C et = 6 pF, ESR = 40 kQ
fosc = 32768 Hz,
LFXTBYPASS = 0, LFXTDRIVE = {2}, 3.0V 225 nA
Ta =25°C, Cef = 9 pF, ESR = 40 kQ
fOSC = 32768 Hz,
LFXTBYPASS = 0, LFXTDRIVE = {3}, 3.0V 330 nA
Ta =25°C, Cp e = 12.5 pF, ESR = 40 kQ
e LFXT oscillator crystal LFXTBYPASS = 0 32768 Hz
frequency
DCLxr LFXT oscillator duty cyle | M1o2o0"ed 8 ACL 30% 70%
LFXT =
LFXT oscillator logic-
fLexTsw level square-wave input LFXTBYPASS = 1(5) ) 10.5 32.768 50| kHz
frequency
LFXT oscillator logic-level
DCyexT sw square-wave input duty LFXTBYPASS =1 30% 70%
cycle
LFXTBYPASS = 0, LFXTDRIVE = {1}, 210
OA Oscillation allowance for fLrxt = 32768 Hz, C| ¢t = 6 pF ‘0
LFXT LF crystals(®) LFXTBYPASS = 0, LFXTDRIVE = {3}, 300
fLFXT = 32768 Hz, CLyeff =125 pF
c Integrated load capacitance 2 F
LFXIN at LFXIN terminal® (7) P
c Integrated load capacitance 2 F
LFXxoUT at LFXOUT terminal® (7) P
fOSC = 32768 Hz,
LFXTBYPASS = 0, LFXTDRIVE = {0}, 3.0V 800
Ta =25°C, Coff = 3.7 pF
t Start-up time(@) . ms
START.LFXT p fosc = 32768 Hz,
LFXTBYPASS = 0, LFXTDRIVE = {3}, 3.0V 1000
Ta=25°C, Ceff = 12.5 pF
Oscillator fault frequency®)
fraut,LExT 1 g y 0 3500| Hz

(1)  Measured with logic-level input frequency but also applies to operation with crystals.

(2) Includes start-up counter of 1024 clock cycles.
(3) Frequencies above the MAX specification do not set the fault flag. Frequencies between the MIN and MAX specifications may set the
flag. A static condition or stuck at fault condition will set the flag.
(4) To improve EMI on the LFXT oscillator, observe the following guidelines:
+ Keep the trace between the device and the crystal as short as possible.

« Design a good ground plane around the oscillator pins.

* Prevent crosstalk from other clock or data lines into oscillator pins LFXIN and LFXOUT.
» Avoid running PCB traces underneath or adjacent to the LFXIN and LFXOUT pins.

+ Use assembly materials and processes that avoid any parasitic load on the oscillator LFXIN and LFXOUT pins.
« If conformal coating is used, ensure that it does not induce capacitive or resistive leakage between the oscillator pins.

(5) When LFXTBYPASS is set, LFXT circuits are automatically powered down. Input signal is a digital square wave with parametrics
defined in the Schmitt-trigger Inputs section of this data sheet. Duty cycle requirements are defined by DC| xt sw-
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(6)

@)

(8)
©)

This represents all the parasitic capacitance present at the LFXIN and LFXOUT terminals, respectively, including parasitic bond and
package capacitance. The effective load capacitance, Ci_ ¢ can be computed as Cjy X Coyt/ (Ciy + Cour), where Cyy and Coyr is the
total capacitance at the LFXIN and LFXOUT terminals, respectively.

Requires external capacitors at both terminals to meet the effective load capacitance specified by crystal manufacturers.
Recommended effective load capacitance values supported are 3.7 pF, 6 pF, 9 pF, and 12.5 pF. Maximum shunt capacitance of

1.6 pF. The PCB adds additional capacitance, so it must also be considered in the overall capacitance. Verify that the recommended
effective load capacitance of the selected crystal is met.

Maximum frequency of operation of the entire device cannot be exceeded.

Oscillation allowance is based on a safety factor of 5 for recommended crystals. The oscillation allowance is a function of the
LFXTDRIVE settings and the effective load. In general, comparable oscillator allowance can be achieved based on the following
guidelines, but should be evaluated based on the actual crystal selected for the application:

- For LFXTDRIVE = {0}, C_ef 1 = 3.7 pF

- For LFXTDRIVE = {1}, C_ef { = 6 pF

- For LFXTDRIVE = {2}, 6 pF < C ¢ < 9 pF

- For LFXTDRIVE = {3}, 9 pF < C_ ¢ < 12.5 pF

8.13.3.2 High-Frequency Crystal Oscillator, HFXT

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

PARAMETER TEST CONDITIONS Vce MIN TYP  MAX| UNIT

IpveeHFXT

fosc =4 MHz,

HFXTBYPASS = 0, HFXTDRIVE =0,
HFFREQ = 1), 75
Ta= 25°C, CL'eff =18 pF,
typical ESR, Cghynt

fosc = 8 MHz,

HFXTBYPASS = 0, HFXTDRIVE =1,
HFFREQ =1, 120
Ta =25°C, C_ g = 18 pF,
HFXT oscillator crystal current HF | typical ESR, Cgnynt
mode at typical ESR fosc = 16 MHz,

HFXTBYPASS = 0, HFXTDRIVE = 2,
HFFREQ = 2, 190
Ta =25°C, Cp e = 18 pF,
typical ESR, Cgnynt

fOSC =24 MHz

HFXTBYPASS = 0, HFXTDRIVE = 3,
HFFREQ = 3, 250
Ta=25°C, C| ot = 18 pF,
typical ESR, Cghunt

3.0V bA

frexT

HFXTBYPASS = 0, HFFREQ = 1) (7) 4 8
HFXTBYPASS = 0, HFFREQ = 2(7) 8.01 16| MHz
HFXTBYPASS = 0, HFFREQ = 3(7) 16.01 24

HFXT oscillator crystal frequency,
crystal mode

DChxt HFXT oscillator duty cycle Measured at SMCLK, fyext = 16 MHz 40% 50% 60%

fHEXT.SW square-wave input frequency, MHz

HFXTBYPASS = 1, HFFREQ = 0(®) (7) 0.9 4
HFXT oscillator Iogic-level HFXTBYPASS = 1, HFFREQ = 1(6) (7) 4.01 8

bypass mode HFXTBYPASS = 1, HFFREQ = 2(6) () 8.01 16
HFXTBYPASS = 1, HFFREQ = 3(®) () 16.01 24

DCHexT, sw

HFXT oscillator logic-level

. HFXTBYPASS = 1 40% 60%
square-wave input duty cycle
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8.13.3.2 High-Frequency Crystal Oscillator, HFXT (continued)

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

PARAMETER TEST CONDITIONS Vce MIN TYP MAX| UNIT
HFXTBYPASS = 0, HFXTDRIVE = 0,
HFFREQ = 1(®), 450
fHFxTHE = 4 MHz, Cp o = 16 pF
HFXTBYPASS = 0, HFXTDRIVE = 1,
HFFREQ = 1, 320
OA Oscillation allowance for fHFxTHE = 8 MHZ, Cp o = 16 pF 0
HFEXT HFXT crystals® HFXTBYPASS = 0, HFXTDRIVE = 2,
HFFREQ = 2, 200
fHExTHE = 16 MHZ, C o = 16 pF
HFXTBYPASS = 0, HFXTDRIVE = 3,
HFFREQ = 3, 200
fHFXT,HF =24 MHz, CLyeff =16 pF
fosc =4 MHZ,
HFXTBYPASS = 0, HFXTDRIVE = 0,
HFFREQ = 1, 3oV 16
TA = 25°C, C|_ off = 16 pF
t Start-up time(10) d ms
STARTHFXT p fosc = 24 MHz,
HFXTBYPASS = 0, HFXTDRIVE = 3,
HFFREQ = 3, 3oV 0.6
Ta=25°C, C ¢ = 16 pF
c Integrated load capacitance at 2 F
HFXIN HFXIN terminal() (2) P
c Integrated load capacitance at 2 E
HFXOUT  HEXOUT terminal(!) ) P
frautnrxt  Oscillator fault frequency®) ) 0 800| kHz

(1)

@)

@)
(4)

®)

(6)

@)
(8)
9)
(10)

This represents all the parasitic capacitance present at the HFXIN and HFXOUT terminals, respectively, including parasitic bond and
package capacitance. The effective load capacitance, Ci_ ¢ can be computed as Cjy X Coyt/ (Ciny + Cour), where Cyy and Coyr is the
total capacitance at the HFXIN and HFXOUT terminals, respectively.
Requires external capacitors at both terminals to meet the effective load capacitance specified by crystal manufacturers.
Recommended effective load capacitance values supported are 14 pF, 16 pF, and 18 pF. Maximum shunt capacitance of 7 pF.

The PCB adds additional capacitance, so it must also be considered in the overall capacitance. Verify that the recommended effective
load capacitance of the selected crystal is met.
Measured with logic-level input frequency but also applies to operation with crystals.
Frequencies above the MAX specification do not set the fault flag. Frequencies between the MIN and MAX specifications might set the
flag. A static condition or stuck at fault condition will set the flag.
To improve EMI on the HFXT oscillator the following guidelines should be observed.

+ Keep the traces between the device and the crystal as short as possible.
« Design a good ground plane around the oscillator pins.

* Prevent crosstalk from other clock or data lines into oscillator pins HFXIN and HFXOUT.
» Avoid running PCB traces underneath or adjacent to the HFXIN and HFXOUT pins.

» Use assembly materials and processes that avoid any parasitic load on the oscillator LFXIN and LFXOUT pins.

» If conformal coating is used, ensure that it does not induce capacitive or resistive leakage between the oscillator pins.

When HFXTBYPASS is set, HFXT circuits are automatically powered down. Input signal is a digital square wave with parametrics
defined in the Schmitt-trigger Inputs section of this datasheet. Duty cycle requirements are defined by DCpext sw-

Maximum frequency of operation of the entire device cannot be exceeded.
HFFREQ = {0} is not supported for HFXT crystal mode of operation.

Oscillation allowance is based on a safety factor of 5 for recommended crystals.
Includes start-up counter of 1024 clock cycles.
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8.13.3.3 DCO
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
PARAMETER TEST CONDITIONS Vee MIN TYP MAX| UNIT
Measured at SMCLK, divide by 1,
focon Ei%?nggquency range 1 MHZ, | e ORSEL = 0, DCOFSEL = 0, 1 $35% | MHz
DCORSEL =1, DCOFSEL =0
DCO frequency range Measured at SMCLK, divide by 1, o
focoz7 2.7 MHz, trimmed DCORSEL =0, DCOFSEL =1 2667 +3.5% | MHz
DCO frequency range Measured at SMCLK, divide by 1, o
focoss 3.5 MHz, trimmed DCORSEL = 0, DCOFSEL = 2 35  £35% | MHz
DCO frequency range 4 MHz, |Measured at SMCLK, divide by 1, o
focos trimmed DCORSEL = 0, DCOFSEL = 3 4 £35% | MHz
DCO frequency range Measured at SMCLK, divide by 1,
foc05.3 53 M trimeg DCORSEL = 0, DCOFSEL = 4, 5333  $3.5% | MHz
’ ’ DCORSEL =1, DCOFSEL =1
Measured at SMCLK, divide by 1,
focor t?i?n?nferjq“ency range 7 MHZ, | b ORSEL = 0, DCOFSEL = 5, 7 435% | MHz
DCORSEL =1, DCOFSEL =2
Measured at SMCLK, divide by 1,
focos DCO frequency range 8 M2, | bCORSEL = 0, DCOFSEL =6, 8  +35% | MHz
DCORSEL =1, DCOFSEL = 3
DCO frequency range Measured at SMCLK, divide by 1, )
focote 16 MHz, trimmed DCORSEL = 1, DCOFSEL = 4 16 £3.5% MHz
DCO frequency range Measured at SMCLK, divide by 2, )
focozt 21 MHz, trimmed DCORSEL =1, DCOFSEL =5 21 £3.5% MHz
DCO frequency range Measured at SMCLK, divide by 2, )
focoze 24 MHz, trimmed DCORSEL = 1, DCOFSEL = 6 24 £3.5% MHz
Measured at SMCLK, divide by 1,
No external divide, all DCORSEL and
focopc Duty cycle DCOFSEL settings except DCORSEL = 1, 48% 50% 52%
DCOFSEL =5 and DCORSEL =1,
DCOFSEL =6
Based on fgigna = 10 kHz and DCO used
" for 12-bit SAR ADC sampling source. This
toco, urrer  DCO jitter achieves >74-dB SNR due to jitter; that is, 2 3| ns
limited by ADC performance.
dfpco/dT DCO temperature drift(!) 3.0V 0.01 %/°C

M
@

clock cycles by up to 5% before settling to the specified steady state frequency range.

8.13.3.4 Internal Very-Low-Power Low-Frequency Oscillator (VLO)

Calculated using the box method: (MAX(—40°C to 85°C) — MIN(—40°C to 85°C)) / MIN(—40°C to 85°C) / (85°C — (—40°C))
After a wakeup from LPM1, LPM2, LPM3, or LPM4, the DCO frequency fpco might exceed the specified frequency range for a few

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

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Lo Current consumption 100 nA
fuLo VLO frequency Measured at ACLK 6 9.4 14| kHz
dfy o/dt VLO frequency temperature drift Measured at ACLK(") 0.2 %I°C
dfyo/dVee  VLO frequency supply voltage drift Measured at ACLK(?) 0.7 %IV
fyLo,pc Duty cycle Measured at ACLK 40% 50% 60%
(1) Calculated using the box method: (MAX(—40°C to 85°C) — MIN(—40°C to 85°C)) / MIN(—40°C to 85°C) / (85°C — (—40°C))
(2) Calculated using the box method: (MAX(1.8 V to 3.6 V) — MIN(1.8 V to 3.6 V)) / MIN(1.8 Vto 3.6 V) /(3.6 V-1.8V)
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8.13.3.5 Module Oscillator (MODOSC)

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

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Imoposc Current consumption Enabled 25 MA
fmobosc MODOSC frequency 4.0 4.8 5.4 MHz
fuvobosc/dT MODOSC frequency temperature drift() 0.08 %I°C
fuonosc/dVee cl\j/lrf]?tl(Dz)OSC frequency supply voltage 14 %WV
DCwmoposc tD Utyf};c'e (excl. first clock cycle; DC = | o asured at SMCLK, divide by 1 40%  50%  60%
high
(1)  Calculated using the box method: (MAX(—40°C to 85°C) — MIN(—40°C to 85°C)) / MIN(—40°C to 85°C) / (85°C — (-40°C))
(2) Calculated using the box method: (MAX(1.8 V to 3.6 V) — MIN(1.8 V to 3.6 V)) / MIN(1.8 Vt0 3.6 V) / (3.6 V- 1.8 V)
8.13.4 Wake-up Characteristics
8.13.4.1 Wake-up Times From Low-Power Modes and Reset
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
TEST
PARAMETER CONDITIONS Vce MIN TYP MAX| UNIT
(Additional) wake-up time to activate the
FRAM in AM if previously disabled by
twake-up FRam  the FRAM controller or from an LPM 6 10| ps
if immediate activation is selected for
wake up
Wake-up time from LPMO to active 400 +
WAKE-UPLPMO 10 de(h) 22V,3.0V 15/foco| "
Wake-up time from LPM1 to active
twaKE-UP LPM1 mode(" 22V,30V 6 us
Wake-up time from LPM2 to active
WAKE-UPLPM2 [ 04a(h) 22V,30V 6 us
Wake-up time from LPM3 to active 6.6 +2.0/ 9.6+25/
CWAKE-UP LPM3 1 4a(1) 22V,30V foco foco us
Wake-up time from LPM4 to active 6.6 + 9.6 +
IWAKE-UPLPM4 1104 (1) 22V,30V 20/foco  2.5/foco| "
fVAKE.UP LPV3.S Wake(-zu)p time from LPM3.5 to active 22V.30V 350 450| s
mode
¢ Wake-up time from LPM4.5 to active SVSHE = 1 22V,30V 350 450| s
WAKE-UPLPM45  mode(@) SVSHE =0 22V,3.0V 0.4 0.8 ms
Wake-up time from a RST pin triggered
IWAKE-UPRST  rocet to active mode(@ 22V,30V 480 59| us
HVAKE.UP-BOR \ri]vc?gg-(g? time from power-up to active 22V.30V 05 11 ms

(1)

The wake-up time is measured from the edge of an external wake-up signal (for example, port interrupt or wake-up event) to the first

externally observable MCLK clock edge with MCLKREQEN = 1. This time includes the activation of the FRAM during wake up. With
MCLKREQEN = 0, the externally observable MCLK clock is gated one additional cycle.

@)

The wake-up time is measured from the edge of an external wake-up signal (for example, port interrupt or wake-up event) until the first
instruction of the user program is executed.
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8.13.4.2 Typical Wake-up Charges

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

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Q Charge used for activating the FRAM in AM or during wakeup 165 nAs
WAKE-UP FRAM from LPMO if previously disabled by the FRAM controller. :
Charge used to wake up from LPMO to active mode (with
QwakEe-UP LPMO FRAM active) 3.8 nAs
Charge used to wake up from LPM1 to active mode (with
QwakEe-uP LPM1 FRAM active) 21 nAs
Charge used to wake up from LPM2 to active mode (with
QwAKE-UP LPM2 FRAM active) 22 nAs
Charge used to wake up from LPM3 to active mode (with
QwAKE-UP LPM3 FRAM active) 28 nAs
Charge used to wake up from LPM4 to active mode (with
QwAKE-UP LPM4 FRAM active) 28 nAs
Qwake-upLpM3s  Charge used to wake up from LPM3.5 to active mode(?) 170 nAs
Q Ch d t k f LPM4.5 to acti de(@ SVSHE =1 173 A
X arge used to wake up from .5 to active mode nAs
WAKE-UP LPM4.5 9 p SVSHE = 0 171
Charge used for reset from RST or BOR event to active
QwAKE-UP-RESET modéq(z) 148 nAs

(1) Charge used during the wake-up time from a given low-power mode to active mode. This does not include the energy required in
active mode (for example, for an interrupt service routine).
(2) Charge required until start of user code. This does not include the energy required to reconfigure the device.
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8.13.4.3 Typical Characteristics, Average LPM Currents vs Wake-up Frequency
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NOTE: The average wake-up current does not include the energy required in active mode; for example, for an
interrupt service routine or to reconfigure the device.

Figure 8-6. Average LPM Currents vs Wake-up Frequency at 25°C
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NOTE: The average wake-up current does not include the energy required in active mode; for example, for an
interrupt service routine or to reconfigure the device.

Figure 8-7. Average LPM Currents vs Wake-up Frequency at 85°C
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8.13.5 Digital 1/0s
8.13.5.1 Digital Inputs

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

PARAMETER TEST CONDITIONS Vee MIN TYP MAX| UNIT
» o 22V 1.2 1.65
ViT+ Positive-going input threshold voltage 30V 165 225 Vv
] o 22V 0.55 1.00
Vit Negative-going input threshold voltage 30V 075 135 Vv
) 22V 0.44 0.98
Vhys Input voltage hysteresis (Vi1+ — Vi12) 30V 0.60 130 \Y

For pullup: VN = Vss

Rpun Pullup or pulldown resistor For pulldown: Vi = Vec 20 35 50| kQ
Cidig Input capacitance, digital only port pins VN = Vss or Vee 3 pF
Input capacitance, port pins with shared analo

Ciana quctiong“) portp 9 ViN = Vss or Vee 5 pF

lgPxy)  High-impedance input leakage current Refer to notes @and ® 2.2V, 3.0V -20 +20| nA
Ports with interrupt

) External interrupt timing (external trigger pulse capability (see block

Lt duration to set interrupt flag)® diagram and terminal 22V.30V 20 ns
function descriptions).

trsT) External reset pulse duration on RST () 22V,3.0V 2 us

(1)  If the port pins PJ.4/LFXIN and PJ.5/LFXOUT are used as digital I/Os, they are connected by a 4-pF capacitor and a 35-MQ resistor
in series. At frequencies of approximately 1 kHz and lower, the 4-pF capacitor can add to the pin capacitance of PJ.4/LFXIN and/or
PJ.5/LFXOUT.

(2) The input leakage current is measured with Vss or V¢ applied to the corresponding pins, unless otherwise noted.

(3) The input leakage of the digital port pins is measured individually. The port pin is selected for input and the pullup or pulldown resistor
is disabled.

(4)  An external signal sets the interrupt flag every time the minimum interrupt pulse duration t;;) is met. It may be set by trigger signals
shorter than t(int)-

(5) Not applicable if RST/NMI pin configured as NMI .
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8.13.5.2 Digital Outputs

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

PARAMETER TEST CONDITIONS Vece MIN TYP  MAX| UNIT
Ve —
l©oHmax) = —1 MAM OC_SS Vee
22V v
l©Hmax) = =3 MA@ cho_ Vee
VoH High-level output voltage v \Y
l©Hmax) = —2 MA( Oc.gs Vee
3.0V v
l©oHmax) = —6 MA®@ cho_ Vee
Vgs +
loLmax) = 1 MAM Vss 08.35
22V v
+
loLmax) = 3 MA@ Vss OS.ZO
VoL Low-level output voltage \%
| =2 mA(" V. Vss *
(OLmax) m Ss 0.25
3.0V v
+
lOLmax) = 6 MA) Vss OS.ZO
22V 16
foxy Port output frequency (with load)(®) C_L=20pF, R @ ® MHz
3.0V 16
ACLK, MCLK, or SMCLK at 22V 16
frort clk  Clock output frequency®) configured output port, MHz
CL = 20 pF@ 3.0V 16
o o ) 22V 4 15
trise,dig Port output rise time, digital only port pins  |C =20 pF 30V 3 e ns
) o ) 22V 4 15
trail,dig Port output fall time, digital only port pins C_L=20pF 30V 3 1 ns
ise ti i i 22V 6 15
fice ana Port output rise time, port pins with shared CL =20 pF ns
’ analog functions 30V 4 15
i i i 22V 6 15
fallana Port output fgll time, port pins with shared CL =20 pF ns
' analog functions 30V 4 15

(1) The maximum total current, lioHmax) @nd loLmax), for all outputs combined should not exceed +48 mA to hold the maximum voltage
drop specified.
(2)  The maximum total current, lioHmax) @nd loLmax), for all outputs combined should not exceed +100 mA to hold the maximum voltage
drop specified.

(3) Aresistive divider with 2 x R1 and R1 = 1.6 kQ between V¢ and Vgg is used as load. The output is connected to the center tap of the

divider. C_ = 20 pF is connected from the output to Vgs.
(4) The output voltage reaches at least 10% and 90% V¢ at the specified toggle frequency.

(5) The port can output frequencies at least up to the specified limit, and the port might support higher frequencies.
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8.13.5.3 Typical Characteristics, Digital Outputs

Figure 8-10. Typical High-Level Output Current vs High-Level
Output Voltage
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Figure 8-8. Typical Low-Level Output Current vs Low-Level Figure 8-9. Typical Low-Level Output Current vs Low-Level
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Figure 8-11. Typical High-Level Output Current vs High-Level
Output Voltage
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8.13.6 LEA

Section 8.13.6.1 lists the characteristics of the LEA.

8.13.6.1 Low-Energy Accelerator (LEA) Performance

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

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
fLea Frequency for specified MCLK 16 MHz
performance
LEA-SC subsystem energy on |Complex FFT 128 pt. Q.15 with Vcore =3V,
W_LEA_FFT fast fourier transform random data in LEA-RAM MCLK =16 MHz 350 nJ
LEA-SC subsystem energy on |Real FIR on random Q.31 data with  |Vcore =3V,
W_LEA_FIR finite impulse response 128 taps on 24 points MCLK =16 MHz 26 W
On 32 Q.31 elements with random _
W_LEA_ADD -EA-SCsubsystemenergyon | oot of LEA-RAM with linear Voore =3 V, 6.6 nJ
additions . MCLK =16 MHz
address increment
8.13.7 Timer_A and Timer_B
8.13.7.1 Timer_A
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
PARAMETER TEST CONDITIONS Vee MIN TYP MAX| UNIT
Internal: SMCLK or ACLK,
fra Timer_A input clock frequency External: TACLK, 22V,3.0V 16 | MHz
Duty cycle = 50% +10%
) - All capture inputs, minimum pulse
tra cap Timer_A capture timing duration required for capture 22V,3.0V 20 ns
8.13.7.2 Timer_B
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
PARAMETER TEST CONDITIONS Vee MIN TYP MAX| UNIT
Internal: SMCLK or ACLK,
frg Timer_B input clock frequency External: TBCLK, 22V,30V 16 | MHz
Duty cycle = 50% +10%
) - All capture inputs, minimum pulse
trB,cap Timer_B capture timing duration required for capture 22V,3.0V 20 ns
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8.13.8 eUSCI
8.13.8.1 eUSCI (UART Mode) Clock Frequency
PARAMETER CONDITIONS MIN MAX| UNIT
Internal: SMCLK or ACLK,
feuscl eUSCI input clock frequency External: UCLK, 16 MHz

Duty cycle = 50% +10%

BITCLK clock frequency

fameLk (equals baud rate in MBaud) 4| MHz

8.13.8.2 eUSCI (UART Mode) Switching Characteristics

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

PARAMETER TEST CONDITIONS Vce MIN TYP MAX| UNIT

UCGLITx=0 5 30
UCGLITx =1 20 90

t; UART receive deglitch time(") 22V,3.0V ns
UCGLITx =2 35 160
UCGLITx=3 50 220

(1) Pulses on the UART receive input (UCxRX) shorter than the UART receive deglitch time are suppressed. Thus the selected deglitch
time can limit the maximum useable baud rate. To ensure that pulses are correctly recognized, their duration should exceed the
maximum specification of the deglitch time.

8.13.8.3 eUSCI (SPI Master Mode) Clock Frequency
PARAMETER TEST CONDITIONS MIN MAX| UNIT

Internal: SMCLK or ACLK,
Duty cycle = 50% +10%

feusci eUSCI input clock frequency 16 MHz
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8.13.8.4 eUSCI (SPI Master Mode) Switching Characteristics

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

PARAMETER TEST CONDITIONS Vce MIN TYP MAX| UNIT
STE lead time, STE active to _ _
tsTELEAD clock UCSTEM =1, UCMODEXx = 01 or 10 1 UCXCLK
: cycles
terene ol Cag time, Lastclockto STE |\ oqrey = 1, UoMODEX = 01 or 10 1 Y
’ inactive
STE access time, STE active to _ _
tSTE,ACC SIMO data out UCSTEM = 0, UCMODEXx =01 or 10 2.2 V, 3.0V 60 ns
STE disable time, STE inactive to _ _
tSTE,DIS SOMI high impedance UCSTEM = 0, UCMODEXx =01 or 10 2.2 V, 3.0V 80 ns
) ) 22V 40
tsumi SOMI input data setup time 30V 20 ns
] ) 22V
tHp, mi SOMI input data hold time 30V ns
. UCLK edge to SIMO valid 22V 11
(2) ’
tvauomo ~ SIMO output data valid time C_ =20 pF 3.0V 10 ns
o 22V
tHp.mo SIMO output data hold time®) C_ =20 pF 30V ns

(1)

fucxcik = 1/2 tomr with tom = max(tvaLip,moeuscl) * tsu,si(siave) tsuMieuscl) + tvALID,sO(Slave))-

For the slave parameters tsy si(siave) @Nd tvaLiD,sO(SIave), S€€ the SPI parameters of the attached slave.

@)

in Figure 8-12 and Figure 8-13.

®)

Specifies the time to drive the next valid data to the SIMO output after the output changing UCLK clock edge. See the timing diagrams

Specifies how long data on the SIMO output is valid after the output changing UCLK clock edge. Negative values indicate that the

data on the SIMO output can become invalid before the output changing clock edge observed on UCLK. See the timing diagrams in
Specifies the time to drive the next valid data to the SIMO output after the output changing UCLK clock edge. See the timing diagrams
in Figure 8-12 and Figure 8-13.
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8.13.8.5 eUSCI (SPI Master Mode) Timing Diagrams
I I
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Figure 8-12. SPI Master Mode, CKPH =0
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Figure 8-13. SPI Master Mode, CKPH =1
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8.13.8.6 eUSCI (SPI Slave Mode) Switching Characteristics

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

PARAMETER TEST CONDITIONS Vee MIN MAX| UNIT
) ) 22V 45
tsteLeap  STE lead time, STE active to clock 30V 20 ns
tsTELAG STE lag time, Last clock to STE inactive 22 z ns
] ] 22V 45
tsTE.ACC STE access time, STE active to SOMI data out 30V 20 ns
tsre s ismTE disable time, STE inactive to SOMI high 22V 50 ns
pedance 3.0V 45
) ) 22V 4
tsusi SIMO input data setup time 30V 2 ns
. ) 22V 7
thp s SIMO input data hold time 30V 7 ns
tvaupso  SOMI output data valid time(?) g?l;lég%?:e to SOMI valid, 22 z 22 ns
thp.so SOMI output data hold time®) CL=20pF ii z ns

(1) fucxcik = 12 tiomi With tom 2 max(tvaLip,MoMaster) * tsu,sieuscl), tsuMivaster) + tvALID,sOUSCH))
For the master parameters tsy miMaster) @Nd tyaLiD,Mo(Master) S€€ the SPI parameters of the attached master.

(2) Specifies the time to drive the next valid data to the SOMI output after the output changing UCLK clock edge. See the timing diagrams

in Figure 8-14 and Figure 8-15.
(3) Specifies how long data on the SOMI output is valid after the output changing UCLK clock edge. See the timing diagrams in Figure
8-14 and Figure 8-15.
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8.13.8.7 eUSCI (SPI Slave Mode) Timing Diagrams
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Figure 8-14. SPI Slave Mode, CKPH =0
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Figure 8-15. SPI Slave Mode, CKPH =1
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8.13.8.8 eUSCI (I2C Mode) Switching Characteristics

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted) (see Figure 8-16)

PARAMETER TEST CONDITIONS Vee MIN TYP MAX| UNIT
Internal: SMCLK or ACLK,
feuscl eUSCI input clock frequency External: UCLK, 16 | MHz
Duty cycle = 50% +10%
fscL SCL clock frequency 22V,3.0V 0 400| kHz
fscL = 100 kHz 4.0
thp sTA Hold time (repeated) START 22V,3.0V us
' fscL > 100 kHz 0.6
fSCL =100 kHz 4.7
tsu.sTa Setup time for a repeated START 22V,3.0V us
fSCL > 100 kHz 0.6
tHD,DAT Data hold time 22V,3.0V 0 ns
tsu pAT Data setup time 22V,3.0V 100 ns
. fsc|_ =100 kHz 4.0
tsusTo Setup time for STOP 22V,3.0V ys
' fscL > 100 kHz 0.6
¢ Bus free time between a STOP and fscL =100 kHz 4.7 us
BUF START condition fscL > 100 kHz 1.3
UCGLITx =0 50 250
i i UCGLITx =1 25 125
tep Pulse fjuratlon of spikes suppressed by 22V.30V ns
input filter UCGLITx = 2 12.5 62.5
UCGLITx =3 6.3 315
UCCLTOx = 1 27
trimeouT Clock low time-out UCCLTOx =2 22V,3.0V 30 ms
UCCLTOx =3 33
8.13.8.9 eUSCI (SPI Slave Mode) Timing Diagrams
k—’li tHD,STA tSU STA 44—"4—# tHD,STA tESUF H

soa \ |/

X X

et on

tHD‘DAT H

Figure 8-16. 12C Mode Timing

oo A

|
|
o> o

N e U, '\ o

tsusto —Jp|
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8.13.9 Segment LCD Controller
8.13.9.1 LCD_C Recommended Operating Conditions

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

PARAMETER CONDITIONS MIN NOM MAX| UNIT
Vv Supply voltage range, charge LCDCPEN = 1, 0000b < VLCDx < 1111b 29 36 v
CCLCD_CCPen36  hymp enabled, Vi cp < 3.6 V (charge pump enabled, V| ¢cp < 3.6 V) : :
Vv Supply voltage range, charge LCDCPEN = 1, 0000b < VLCDx < 1100b 20 36 Vv
CCLCD_CCPen33  hymp enabled, Vicp < 3.3V (charge pump enabled, V| cp < 3.3 V) : :
o Supply voltage range, internal _ _
Vee,Lep_c,int. bias biasing, charge pump disabled LCDCPEN = 0, VLCDEXT =0 24 3.6 \
) Supply voltage range, external _ _
Vee,LeD_Cext. bias biasing, charge pump disabled LCDCPEN = 0, VLCDEXT =0 24 3.6 \
Supply voltage range, external
Vee,Leb_C VLCDEXT LCD voltage, internal or external [LCDCPEN = 0, VLCDEXT =1 2.0 3.6 \%
biasing, charge pump disabled
External LCD voltage at
Vicoeap LCDCAP, internal or external LCDCPEN = 0, VLCDEXT =1 24 3.6 \
biasing, charge pump disabled
c Capacitor value on LCDCAP LCDCPEN = 1, VLCDx > 0000b (charge 47 47 10 E
LCDCAP when charge pump enabled pump enabled) "1-20% . v20%| M
faCLK,in ACLK input frequency range 30 32.768 40| kHz
frrame = (1/(2 x mux)) x fcp with
fLep LCD frequency range mux = 1 (static) to 8 0 1024| Hz
fERAME amux(MAX) = (1 /(2 x 4)) x
fFRAME 4mux LCD frame frequency range fLen(MAX) = (1/ (2 x 4)) x 1024 Hz 128| Hz
. fLcp = 1024 Hz, all common lines
Cpanel Panel capacitance equally loaded 10000, pF
VR33 Analog input voltage at R33 LCDCPEN = 0, VLCDEXT =1 24 Ve +0.2 \
VRos +
. LCDREXT = 1, LCDEXTBIAS =1, 2/3 x
VR23,1/3bias Analog |nput voltage at R23 LCD2B =0 VR13 (VR33 _ VR33 \Y
VRo3)
VRos +
Vv , Analog input voltage at R13 with |LCDREXT = 1, LCDEXTBIAS =1, Vv 1/3 x Vv Vv
R13,1/3bias 1/3 biasing LCD2B =0 RS (Veaz— R23
VRo3)
VRo3 *
Vv . Analog input voltage at R13 with [LCDREXT = 1, LCDEXTBIAS = 1, Vv 1/2 x vV vV
R13,1/2bias 1/2 biasing LCD2B = 1 RO3 (VRag - R33
VRo3)
VRo3 Analog input voltage at R03 ROEXT =1 Vss \Y
Vieo - Vros Voltage difference between V| cp LCDCPEN = 0, ROEXT = 1 24 Ve +0.2 v
and RO3
External LCD reference voltage _
VLcDREF applied at LCDREF VLCDREFx = 01 0.8 1.0 1.2 \
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8.13.9.2 LCD_C Electrical Characteristics

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

PARAMETER TEST CONDITIONS Vee MIN TYP MAX| UNIT
Vicpo VLCDx = 0000, VLCDEXT =0 24Vto 36V Vee
Vicpa LCDCPEN = 1, VLCDx = 0001b 2Vto36V 2.49 260 272
Vicp2 LCDCPEN = 1, VLCDx = 0010b 2Vto36V 2.66
Vicp s LCDCPEN = 1, VLCDx = 0011b 2Vto36V 2.72
Vicpa LCDCPEN =1, VLCDx = 0100b 2Vto3.6V 2.78
Vicps LCDCPEN =1, VLCDx = 0101b 2Vto 36V 2.84
Vicpe LCDCPEN = 1, VLCDx = 0110b 2Vto36V 2.90
Vicp7 LCDCPEN =1, VLCDx = 0111b 2Vto 36V 2.96
. LCD voltage \%
Vicp s LCDCPEN = 1, VLCDx = 1000b 2Vto 36V 3.02
Vicpo LCDCPEN = 1, VLCDx = 1001b 2Vto36V 3.08
Ve 10 LCDCPEN = 1, VLCDx = 1010b 2Vto36V 3.14
Viep 1 LCDCPEN =1, VLCDx = 1011b 2Vto36V 3.20
Viep,12 LCDCPEN = 1, VLCDx = 1100b 2Vto3.6V 3.26
Vicp13 LCDCPEN =1, VLCDx = 1101b 22Vto36V 3.32
Vicp 14 LCDCPEN = 1, VLCDx = 1110b 22Vto36V 3.38
Vicp 15 LCDCPEN = 1, VLCDx = 1111b 22Vto36V 3.32 3.44 3.6
Vien7os LCD voltage with external LCDCPEN =_1, VLCDx = 011_1b, 2Vto 36V 2.96 x v
i reference of 0.8 V VLCDREFx = 01b, V| cprer = 0.8 V 0.8V
Vien 710 LCD voltage with external LCDCPEN =_1, VLCDx = 011_1b, 2Vto36V 2.96 x v
o reference of 1.0 V VLCDREFx = 01b, V| cprer = 1.0 V 1.0V
Vico7 12 LCD voltage with external LCDCPEN =_1, VLCDx = 011_1 b, 22Vto36V 2.96 x v
o reference of 1.2 V VLCDREFx = 01b, V| cprer = 1.2 V 1.2V
e IR
Peak supply currents due to LCDCPEN.= 1 VLCD.X - 1111b.
lcc,Peak,cP charge pump activities external, with decoupling capacitor on 22V 600 pA
DVCC supply 21 pF
lcpLoad gﬂu?fg:t“m charge pump load LCDCPEN = 1, VLCDx = 1111b 22V 50 A
RLc.Seg 'S‘ggDmirri]‘ﬁirnZ:tp“t impedance, || cHCPEN = 0, I oap = £10 PA 22V 10| kO
Ricocom oo drver outputimpedance, || GhGPEN = 0, Iopp = £10 pA 22V 10| kO
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8.13.10 ADC12_B
8.13.10.1 12-Bit ADC, Power Supply and Input Range Conditions

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

PARAMETER

TEST CONDITIONS

Vee

MIN

NOM

MAX

UNIT

Viax)

Analog input voltage range(")

All ADC12 analog input pins Ax

0

AVCC

liapc12_B)
single-ended
mode

Operating supply current into
AVCC and DVCC terminals@ ()

fADC120LK = MODCLK, ADC120N = 1,
ADC12PWRMD = 0, ADC12DIF =0,
REFON =0, ADC12SHTx = 0,
ADC12DIV=0

3.0V

145

199

fADC12CLK = MODCLK, ADC120N = 1,
ADC12PWRMD = 0, ADC12DIF =0,
REFON =0, ADC12SHTx = 0,
ADC12DIV=0

22V

140

190

MA

l;apci2_B)
differential
mode

Operating supply current into
AVCC and DVCC terminals(@) (3)

fADC‘lZCLK = MODCLK, ADC120N = 1,
ADC12PWRMD = 0, ADC12DIF =1,
REFON =0, ADC12SHTx= 0,
ADC12DIV =0

3.0V

175

245

22V

170

230

HA

l;apc12_B)
single-ended
low-power
mode

Operating supply current into
AVCC and DVCC terminals(@) (3)

fapci2cLk = MODCLK/4, ADC120N = 1,
ADC12PWRMD = 1, ADC12DIF =0,
REFON = 0, ADC12SHTx = 0,
ADC12DIV = 0

3.0V

85

125

fADC'IZCLK = MODCLK/4, ADC120N = 1,
ADC12PWRMD = 1, ADC12DIF =0,
REFON =0, ADC12SHTx =0,
ADC12DIV =0

22V

83

120

MA

lapc12_B)
differential
low-power
mode

Operating supply current into
AVCC and DVCC terminals® ()

fADC‘lZCLK = MODCLK/4, ADC120N = 1,
ADC12PWRMD = 1, ADC12DIF =1,
REFON = 0, ADC12SHTx= 0,
ADC12DIV =0

3.0V

110

165

22V

109

160

MA

C

Input capacitance

Only one terminal Ax can be selected at
one time

22V

10

15

pF

R

Input MUX ON resistance

oVvs V(Ax) < AVee

>2V

0.5

<2V

1

10

kQ

(1) The analog input voltage range must be within the selected reference voltage range Vg, to Vg_ for valid conversion results.
(2) The internal reference supply current is not included in current consumption parameter [(ADC12_B).
(3) Approximately 60% (typical) of the total current into the AVCC and DVCC terminal is from AVCC.
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8.13.10.2 12-Bit ADC, Timing Parameters

over recommended ranges of su

pply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
For specified performance of ADC12 linearity parameters with
f Frequency for ADC12PWRMD = 0, 045 54| MHz
ADC12CLK  gnecified performance |If ADC12PWRMD = 1, the maximum is 1/4 of the value shown . :
here
Frequency for . .
fabc12cLk reduced performance Linearity parameters have reduced performance 32.768 kHz
fADC’IZOSC Internal oscillator(3) ADC12DIV = 0, fADC12CLK = fADC'IZOSC from MODCLK 4 4.8 54 MHz
REFON = 0, Internal oscillator, fapci2cLk = fabc120sc from 26 35
. c ot MODCLK, ADC12WINC =0 ’ ’
onversion time s
CONVERT External fapc1acik from ACLK, MCLK, or SMCLK, See @ H
ADC12SSEL #0
Turnon settling time of
tADC120N e ADC 9 See (1) 100| ns
Time ADC must be off . .
tapcizore  before can be turned rl:l(())ltdes. tapc120rr Must be met to make sure that tapc120n time 100 ns
on again
All pulse sample mode
(ADC12SHP = 1) and extended
sample mode (ADC12SHP = 0) 1 s
with buffered reference H
o Rs =400 Q, R, = 4 kQ, (ADC12VRSEL = 0x1, 0x3, 0x5,
tsample Sampling time C) = 15 pF, Cpox= 8 pF® |07, 0x9, 0xB, OxD, OxF)
Extended sample mode
(ADC12SHP = 0) with unbuffered
See ® us
reference (ADC12VRSEL= 0x0,
0x2, Ox4, 0x6, 0xC, OxE)

(1)  The condition is that the error in a conversion started after tapc120n is less than £0.5 LSB. The reference and input signal are already

settled.

(2) 14 x1/fapcizcik- If ADC12WINC = 1 then 15 x 1/ fapci2cLk-

(3) The ADC120SC is sourced directly from MODOSC in the UCS.

(4) Approximately 10 Tau (1) are needed to get an error of less than 0.5 LSB: tsample = In(2"*2) x (Rg + R)) % (C; + Cpext), where n = ADC
resolution = 12, Rg= external source resistance, Cpex = external parasitic capacitance.

(8) 6x1/fapcracLk
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8.13.10.3 12-Bit ADC, Linearity Parameters

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

With external voltage reference
(ADC12VRSEL = 0x2,0x3, 0x4, 0x14, or 0x15), +1.8 LSB
1.2V < Vg: —VR< AV

With external voltage reference
(ADC12VRSEL = 0x2,0x3, 0x4, 0x14, or 0x15), 2.2 LSB
1.2V <VR: —VR<AVcc

Integral linearity error (INL) for
differential input

E

Integral linearity error (INL) for
single ended inputs

With external voltage reference

Ep Differential linearity error (DNL) (ADC12VRSEL = 0x2, 0x3, 0x4, Ox14, or 0x15) -0.99 +1.0/ LSB
ADC12VRSEL = 0x1 without TLV calibration,
Eo Offset error(1) (@) TLV calibration data can be used to improve the +0.5 +1.5 1\

parameter(®

With internal voltage reference Vggr = 2.5V
(ADC12VRSEL = 0x1, 0x7, 0x9, 0xB, or 0xD)

With internal voltage reference Vggr = 1.2V
(ADC12VRSEL = 0x1, 0x7, 0x9, 0xB, or 0xD)

Ec Gain error With external voltage reference without internal
buffer (ADC12VRSEL = 0x2 or 0x4) without TLV +1 +3
calibration, Vg+ = 2.5V, Vg_= AVSS LSB
With external voltage reference with internal buffer
(ADC12VRSEL = 0x3), Vg+ = 2.5V, Vg_= AVSS

With internal voltage reference Vggr = 2.5V
(ADC12VRSEL = 0x1, 0x7, 0x9, 0xB, or 0xD)

With internal voltage reference Vggg = 1.2V
(ADC12VRSEL = 0x1, 0x7, 0x9, 0xB, or 0xD)

Er Total unadjusted error With external voltage reference without internal
buffer (ADC12VRSEL = 0x2 or 0x4) without TLV +1 +5
calibration, Vg, = 2.5 V, Vg_ = AVSS LSB

With external voltage reference with internal buffer
(ADC12VRSEL = 0x3), Vg+ =2.5V, Vg_= AVSS

+0.2%  #1.7%

+0.2%  #2.5%

+0.2% $#1.8%

+0.2%  $2.6%

+1 +28

(1) Offset is measured as the input voltage (at which ADC output transitions from 0 to 1) minus 0.5 LSB.

(2) Offsetincreases as Ig drop increases when Vg_ is AVSS.

(3) For details, see the Device Descriptor Table section in the MSP430FR58xx, MSP430FR59xx, and MSP430FR6xx Family User's
Guide.
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8.13.10.4 12-Bit ADC, Dynamic Performance With External Reference

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

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT

Resolution | Number of no missing code output-code bits 12 bits
SNR Signal-to-noise with differential inputs VR+ =2.5V, VgR_=AVgs 71 4B

Signal-to-noise with single-ended inputs VR+ =2.5V, VR_=AVgs 70

Effective number of bits with differential _ _

inputs(") Vr+ =25V, Vg_ = AVgg 114

Effective number of bits with single-ended _ _
ENOB inputs( VR =25V, Vr-= AVss 11 bits

. . . I Reduced performance with fapci2cLk
Egiﬁt'(‘;: d”uuczgere‘r’]fot;ﬁa‘;"gz)g)z'768 KHZ | from ACLK LFXT 32.768 kHz, 10.9
P VRe = 2.5V, Vg_ = AVgs
(1) ENOB = (SINAD - 1.76) / 6.02
8.13.10.5 12-Bit ADC, Dynamic Performance With Internal Reference
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT

Resolution | Number of no missing code output-code bits 12 bits
SNR Signal-to-noise with differential inputs VR+ =2.5V, VR_=AVgg 70 4B

Signal-to-noise with single-ended inputs VR+ =2.5V, VgR_=AVgg 69

Effective number of bits with differential _ _

inputs(h VRs = 2.5V, Vg_ = AVgg 11.4

Effective number of bits with single-ended _ _
ENOB inputs(!) VR =25V, Vg = AVss 1.0 bits

. . . Reduced performance with fapci12cLk
Elz‘zﬁt'(‘;: dt‘irggere‘;ffoﬁfa‘r’:’gg)g)z'768'kHZ from ACLK LFXT 32.768 kHz, 10.9
P VRe = 2.5V, Vg_ = AVgs
(1) ENOB = (SINAD — 1.76) / 6.02
8.13.10.6 12-Bit ADC, Temperature Sensor and Built-In Vy,,
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
VSENSOR Temperature sensor voltage(!) (2) ¢D91038N =1, ADC12TCMAP = 1, 700 mvV
A=
TCsensOR See (@ ADC120N =1, ADC12TCMAP =1 2.5 mV/°C
t Sample time required if ADCTCMAP =1 and |ADC120N =1, ADC12TCMAP =1, 30 s
SENSOR(sample)  channel (MAX — 1) is selected® Error of conversion result <1 LSB M
Vi AVCC voltage divider for ADC12BATMAP =1 | A\ 450N = 1, ADC12BATMAP = 1 475%  50% 52.5%
on MAX input channel
/2 Current for battery monitor during sample time |ADC120N = 1, ADC12BATMAP =1 38 72| pA
Sample time required if ADC12BATMAP = 1 _ _

tv1/2 (sample) and channel MAX is selected® ADC120N =1, ADC12BATMAP =1 1.7 us

M

temperature sensor.

)

The temperature sensor offset can be significant. TI recommends a single-point calibration to minimize the offset error of the built-in

The device descriptor structure contains calibration values for 30°C +3°C and 85°C +3°C for each of the available reference voltage

levels. The sensor voltage can be computed as Vsense = TCsensor * (Temperature, °C) + Vsensor, Where TCsensor and Vsensor
can be computed from the calibration values for higher accuracy.

©)
4)

The typical equivalent impedance of the sensor is 250 kQ. The sample time required includes the sensor-on time, tsensor(on)-
The on-time ty1/2(on) is included in the sampling time ty1/2sample); NO additional on time is needed.
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8.13.10.7 12-Bit ADC, External Reference

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

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Positive external reference voltage
VR+ input VeREF+ or VeREF- based on Vgr+ > VRo 1.2 AVce \%
ADC12VRSEL bit
Negative external reference voltage
Vg input VeREF+ or VeREF- based on VR+ > VRo 0 1.2 \%
ADC12VRSEL bit
Vgr+— VR_ Differential external reference voltage input |Vg+ > Vg 1.2 AV¢ce \Y,
1.2V £ Verer+= Vavce, Verer- =0V
fADC12CLK =5 MHZ, ADC12SHTx = 1h, +10 |JA
lVeREF+» Static input current singled-ended input ADC12DIF = 0, ADC12PWRMD = 0
IveREF- mode 1.2V £ Verer+= Vavce s Verer- =0V
fADC12C|_K =5 MHz, ADC12SHTx = 8h, +2.5 MA
ADC12DIF = 0, ADC12PWRMD = 01
1.2V £ Verer+= Vavce, Verer-= 0V
fADC12CLK =5 MHz, ADC12SHTx = 1h, +20 MA
IVeREF o ) o ADC12DIF =1, ADC12PWRMD = 0
eREF+ Static input current differential input mode
IVeREF- 1.2V = Verer+= Vavce s Verer- =0V
fADC12CLK =5 MHz, ADC12SHTx = 8h, +5 MA
ADC12DIF =1, ADC12PWRMD = 1
lVeREF+ Peak input current with single-ended input |0V < Vgrer+ < Vavce, ADC12DIF =0 1.5 mA
lVeREF+ Peak input current with differential input 0V £ Verer+ £ Vavee, ADC12DIF =1 mA
Capacitance at VeREF+ or VeREF- @
CVeREF+-  torminal 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) Connect two decoupling capacitors, 10 yF and 470 nF, to VeREF to decouple the dynamic current required for an external reference
source if it is used for the ADC12_B. Also see the MSP430FR58xx, MSP430FR59xx, and MSP430FR6xx Family User's Guide.

8.13.10.8 Temperature Sensor Typical Characteristics
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8.13.11 Reference
8.13.11.1 REF, Built-In Reference

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

PARAMETER TEST CONDITIONS Vee MIN TYP MAX| UNIT
REFVSEL = {2} for 2.5V, REFON = 1 2.7V 25 +1.5%
Vrers Saf;tg;eobu‘igt:t” reference [ REFVSEL = {1} for 2.0 V, REFON = 1 22V 20 £15% | V
REFVSEL = {0} for 1.2 V, REFON = 1 1.8V 12 +1.8%
Noise RMS noise at VREF @) From 0.1 Hz to 10 Hz, REFVSEL = {0} 30 130 pv
v VREF ADC BUF_INT buffer |Ta = 25°C, ADC on, REFVSEL = {0}, 16 16 mv
OS_BUF_INT offset(5) REFON = 1, REFOUT =0
v VREF ADC BUF_EXT buffer | Ta = 25°C, REFVSEL = {0} , REFOUT = 1, _16 “16] mv
OSBUF EXT  offset®) REFON = 1 or ADC on
AVCC minimum voltage, | ~er VSEL ={0} for 1.2V 18
AVce(min Positive built-in reference REFVSEL = {1} for2.0 V 2.2 \%
active REFVSEL = {2} for 2.5 V 27
Operating supply current
Irer into AVCC terminal  |REFON=1 3V 19 26 WA
ADC ON, REFOUT =0,
REFVSEL ={0, 1, or 2}, 3V 247 400
ADC12PWRMD =0
ADC ON, REFOUT = 1,
REFVSEL = {0, 1, 2}, ADC12PWRMD = 0 3V 1053 1820
Operating supply current
IREF+_ADC_BUF in[)o AVC% tel?n")\ii/]al(” ADC ON, REFOUT =0, 3V 153 240 MA
REFVSEL = {0, 1, 2}, ADC12PWRMD = 1
ADC ON, REFOUT =1,
REFVSEL = {0, 1, 2}, ADC12PWRMD = 1 3v 581 1030
ADC OFF, REFON = 1, REFOUT =1,
REFVSEL = {0, 1, 2} 3V 1105 1890
. REFVSEL = {0, 1, 2}, AVCC = AVCC(min) for
lo(vREF+) Ztﬁ:zeitms)lgggint:'ﬁnal each reference level, —-1000 +10 WA
’ REFON = REFOUT =1
REFVSEL ={0, 1, 2},
Load-current regulation, loqvrer+) = +10 A or —1000 pA,
AVout AlovRrer+) VREF+ terminal AVcc = AVcg(min) for each reference level, 1500 pv/mA
REFON = REFOUT =1
Capacitance at VREF+ and
CVREF+- VRFI)EF- terminals REFON = REFOUT = 1 0 100| pF
Temperature coefficient of REFVSEL = {0, 1, 2},
TCrer+ builtin reference REFON = REFOUT = 1, 24 50| ppm/K
Ta = —40°C to 85°C(6)
I - |AVge = AVce (min) to AVeo(max),
PSRR_DC (ng)er supply rejection ratio | %500 "REFVSEL =10, 1, 2}, 100 400| pvv
REFON = REFOUT = 1
PSRR_AC (Pp‘\’g)er supply rejection ratio |\~ 0.1V at 1 kHz 3.0 mVIV
t Settling time of reference AVcce = AVee (min) 10 AVeg(max), 40 80 us
SETTLE voltage(® REFVSEL = {0, 1, 2}, REFON =0 — 1
T Settllng time of ADC AVCC = AVCC (min) to AVCC(maX)v 04 2 us
buf_settle reference voltage buffer® |REFVSEL = {0, 1, 2}, REFON = 1 :

(1) The internal reference current is supplied through the AVCC terminal.

(2) The condition is that the error in a conversion started after tgrgroy is less than +0.5 LSB.

(3) Internal reference noise affects ADC performance when ADC uses the internal reference. See Designing With the MSP430FR59xx

and MSP430FR58xx ADC for details on optimizing ADC performance for your application with the choice of internal or external

reference.

(4) Buffer offset affects ADC gain error and thus total unadjusted error.
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(5) Buffer offset affects ADC gain error and thus total unadjusted error.
(6) Calculated using the box method: (MAX(—40°C to 85°C) — MIN(—40°C to 85°C)) / MIN(—40°C to 85°C)/(85°C — (—40°C)).

8.13.12 Comparator
8.13.12.1 Comparator_E

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

PARAMETER TEST CONDITIONS Vee MIN TYP MAX| UNIT
CEPWRMD = 00, CEON =1, 12 16
CERSx = 00 (fast)
Comparator operating CEPWRMD = 01, CEON =1, 10 14
supply current into AVCC, | CERSx =00 (medium)
Iavec_comp . 22V,30V HA
excludes reference resistor | CEPWRMD = 10, CEON = 1, 1
ladder CERSX = 00 (slow), T4 = 30°C 0. 03
CEPWRMD = 10, CEON =1, 03 13
CERSx = 00 (slow), Tp = 85°C ' '
CEREFLx =01, CERSx = 10,
Quiescent current of EEECE)EA:C((): CEON =1, 31 38
resistor ladder into AVCC, =
lavce_comP_REF inciuding REF module CEREFLx = 01, CERSx = 10, 22V,30V WA
current REFON =0, CEON = 1, 16 19
CEREFACC =1
CERSx = 11, CEREFLx = 01,
CEREFACC = 0 1.8V 1.152 1.2 1.248
CERSx = 11, CEREFLx = 10,
CEREFACC = 0 22V 1.92 2.0 2.08
CERSx = 11, CEREFLx = 11,
CEREFACC = 0 27V 2.40 2.5 2.60
VREr Reference voltage level CERSx = 11. CEREFLx = 01 \%
X =11, x =01,
CEREFACC = 1 1.8V 1.10 1.2 1.245
CERSx = 11, CEREFLx = 10,
CEREFACC = 1 22V 1.90 2.0 2.08
CERSx = 11, CEREFLx = 11,
CEREFACC = 1 27V 2.35 25 2.60
Vic Common-mode input range 0 Vee -1 \%
CEPWRMD = 00 -16 16
VOFFSET Input offset voltage CEPWRMD = 01 -12 12| mV
CEPWRMD =10 =37 37
CEPWRMD = 00 or 10
CiN Input capacitance CEPWRMD = 01 pF
CEPWRMD =10 10
o ) ON (switch closed) 1 3| kQ
Rsin Series input resistance -
OFF (switch open) 50 MQ
CEPWRMD = 00, CEF =0,
Overdrive 2 20 mV 193 330
ns
Propagation delay, CEPWRMD = 01, CEF =0,
tPD response time Overdrive 2 20 mV 230 400
CEPWRMD = 10, CEF =0, 5 15 s
Overdrive 2 20 mV H
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8.13.12.1 Comparator_E (continued)

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

PARAMETER TEST CONDITIONS Vee MIN TYP MAX| UNIT
CEPWRMD = 00 or 01, CEF =1,
Overdrive = 20 mV, CEFDLY = 00 700 1000)  ns
CEPWRMD =00 or 01, CEF =1, 10 19
‘ Propagation delay with Overdrive = 20 mV, CEFDLY = 01 ' ’
FDfiter filter active CEPWRMD = 00 or 01, CEF = 1, 0 a7l s
Overdrive 2 20 mV, CEFDLY = 10 ' 1
CEPWRMD = 00 or 01, CEF =1, 40 77
Overdrive 2 20 mV, CEFDLY = 11 ' '
CEON =0 — 1, VIN+,
VIN- from pins,
Overdrive =2 20 mV, 0.9 15
CEPWRMD = 00
CEON =0 — 1, VIN+,
. VIN- from pins,
teEn_cvp Comparator enable time Overdrive = 20 mV, 0.9 1.5 us
CEPWRMD = 01
CEON=0-1,
VIN+, VIN- from pins,
Overdrive 220 mV, 15 65
CEPWRMD = 10
CEON =0 — 1, CEREFLX =10,
Comparator and reference _
{ ladder and reference CERSx =10 or 11, 120 220
EN_CMP_VREF voltage enabie time CEREFO0 = CEREF1 = OxOF,
9 REFON =0 us
Comparator and reference CEON =0 — 1, CEREFLX =10,
ten_oMP_RL g d;"r i CERSx = 10, REFON = 1, 10 30
CEREFO0 = CEREF1 = 0x0F
Reference voltage for a VIN = reference into resistor ladder, VIN x VIN x VIN x
VcE_Rer given tap n=0to 31 (n+0.5) (n+1)/ (n+1.5)/ Vv
/32 32 32
8.13.13 FRAM
8.13.13.1 FRAM Memory
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
PARAMETER T, MIN TYP  MAX| UNIT
Read and write endurance 1015 cycles
25°C 100
tretention  Data retention duration 70°C 40 years
85°C 10
IWRITE Current to write into FRAM(") IREAD nA
lerASE Erase current® N/AR) nA
twRITE Write time(®) tREAD ns
NWAITSx =0 1/f, ns
tREAD Read time(® SYSTEM
NWAITSx =1 2/ fSYSTEM ns

(1)  Writing to FRAM does not require a setup sequence or additional power when compared to reading from FRAM. The FRAM read
current Irgap is included in the active mode current consumption, Iam FrAm-
(2) FRAM does not require a special erase sequence.

(3) NA=

Not applicable

(4) Writing into FRAM is as fast as reading.
(5) The maximum read (and write) speed is specified by fsystem Using the appropriate wait state settings (NWAITSx).
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8.13.14 USS
8.13.14.1 USS Recommended Operating Conditions
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
PVce Analog supply voltage at PVCC pins for LDO operation 2.2 3.6 \Y,
PVce Analog supply voltage at PVCC pins for USS operation 2.2 3.6 \%

8.13.14.2 USS LDO

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

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT

Vce_ldo Analog supply voltage at PVCC pins 2.2 3.6 Vv

Viss USS voltage 0 < I oap = lLoaD,MAX 1.52 1.6 1.65 \
LBHDEL =0 0
LBHDEL =1 100

Tholdoff Hold off delay on power up  BHDEL = 2 200 us
LBHDEL =3 300

Ttimeout Time-out on transition OFF to READY 160 + us
Tholdoff

8.13.14.3 USSXTAL

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

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Nphase osc  Integrated phase noise fosc = 4 MHz or 8 MHz, range = 10 kHz to 4 MHz —74 dBc
FRQxtaL  Resonator frequency 4 8| MHz
DCosc Duty cycle 35 65 %
fosc =4 MHz or 8 MHz, C, = 18 pF, Cg = 4 pF, fully
. 180
settled, ceramic resonator
losc OSC supply current fosc = 4 MHz or 8 MHz, C| = 12 pF (4 MHz) or HA
16 pF(8 MHz), Cs = 7 pF, fully settled, crystal 240
resonator
fosc =4 MHz, C_ = 18 pF, Cg = 4 pF, ceramic
1500
resonator
fosc =4 MHz, C_ = 12 pF, Cg = 7 pF, crystal
1000
resonator
Aosc Oscillation allowance - Q
fosc = 8 MHz, C_ = 18 pF, Cg = 4 pF, ceramic 500
resonator
fosc = 8 MHz, C_ = 16 pF, Cg = 7 pF, crystal 350
resonator
fosc = 4 MHz, crystal resonator 2.8 4.6
fosc = 8 MHz, crystal resonator 1 1.9
Tstart osc Startup time (gate) ms
- fosc = 4 MHz, ceramic resonator 0.14 0.17
fosc = 8 MHz, ceramic resonator 0.08 0.12
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8.13.14.4 USS HSPLL

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

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
PLL_CLK;, Input clock to HSPLL 4 8| MHz
PLL_CLKgyt Output clock from HSPLL 68 80| MHz

Reference clock = PLL_CLKj,,

Sequence: Set USS.CTL.USSPWRUP bit = 1,
LOCKwr Lock time from PLL power up then measure the time between PSQ_PLLUP 64| cycles
(internal control signal) is set to 1 and
HSPLL.CTL.PLL_LOCK is set to 1

8.13.14.5 USS SDHS

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

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
SDHS power domain _
Vsdhs supply voltage Vsdhs = Vuss 1.52 1.6 1.65 Vv
| Operating supply current |Includes PLL, PGA, SDHS, and DTC, 5. mA
sdhs_product  jntq AVCC and DVCC modulator clock = 80 MHz, output data rate = 8 Msps :
Frn Modulator clock(") 68 80| MHz
BW,o Frequency at -3dB SNR Modulator clock = 80 MHz, modulator only (no filter is 15 MHz
enabled)
Bandwidth from 200 kHz
to 1.5 MHz, PGA gain: a | Input signal level = 1000 mVpp,
gain from the PGA gain |PVCC =3.0V, F, = 80 MHz, 58.5 62.5
table for the maximum |OSR =20
SNR
Bandwidth from 200 kHz
to 1.5 MHz, PGA gain: a |Input signal level =760 mVpp,
gain from the PGA gain |PVCC =25V, F,, =80 MHz, 57.5 62
table for the maximum |OSR =20
SNR
Bandwidth from 200 kHz
to 1.5 MHz, PGA gain: a |Input signal level =200 mVpp,
SNR Signal-to-noise ratio@ gain from the PGA gain |PVCC =25V, F,, = 80 MHz, 54.5 57 dB
table for the maximum |OSR =20
SNR
Bandwidth from 200 kHz
to 1.5 MHz, PGA gain: a |Input signal level =100 mVpp,
gain from the PGA gain |PVCC =25V, F,, = 80 MHz, 49 53
table for the maximum |OSR =20
SNR
Bandwidth from 200 kHz
to 1.5 MHz, PGA gain: a |Input signal level = 30 mVpp,
gain from the PGA gain |PVCC =25V, F,, = 80 MHz, 38.5 43
table for the maximum |OSR =20
SNR
- SDHS settling time (PGA | TM2 - TM1, AUTOSSDIS =0, 1% of settled DC level 40
s
MOD_Setle + Modulator) TM2 - TM1, AUTOSSDIS = 1, 1% of settled DC level a| "
DROUTg4ns  Output data rate 8| Msps
(1)  Informative parameter, not characterized
(2) SNR as specified, SINAD and THD not specified over complete signal chain
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8.13.14.6 USS PHY Output Stage

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

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
PVCC  PHY supply voltage PVCC = V¢, PVSS = Vgs 2.2 3.6 \Y
Output impedance of CHOOUT and CH10UT for
RosonT high and low side (trimmed at 3-V PVpp) PVCC= 25V 3 Q
Termination impedance of CHOOUT and
Rterm  CH1OUT towards PVSS (trimmed) PvCC= 25V 3 Q
DrvM High side to low side drive mismatch (timmed) |PVCC 2= 2.5V 5% 12.5%
TermM  Termination to drive mismatch (trimmed) PVCC = 25V 5% 12.5%
fmax Maximum output frequency PVCC =V¢c (25V 10 3.6 V) 4.5 MHz
Csupp  Supply buffering capacitance (low ESR type) PVCC = V¢ 22 100 uF
Rsupp  Series resistance to Cgypp PVCC = V¢ 22 Q

8.13.14.7 USS PHY Input Stage, Multiplexer

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

PARAMETER TEST CONDITIONS MIN TYP  MAX| UNIT
Vin Input voltage on CHOIN or CH1IN PVCC = Vg, PVSS = Vg PVS% 3 18| Vv

8.13.14.8 USS_PGA

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

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
PV¢c Supply voltage 2.2 3.6 \%
Gn Gain( -6.5 30.8| dB
Vinr1 Input range 2.2V<PVCC 30 800 mVpp
Vinr2 Input range 25V< PVCC 30 1000| mVpp
Giol Gain tolerance Full PGA gain range, Voyt = 600 mV -1.5 15 dB
GTarift  Cain drift over Full PGA gain range, Vour = 600 mV 0.0019 dBI°C
temperature
GVdrift Gain drift over voltage  |Full PGA gain range, Voyt = 600 mV 0.15 dB/V
Tset Gain settling time Gain setting: from 0 dB to 6 dB, to +5% 0.65 1.4 us
DCyffset gg:g)set (PGA and Full PGA gain range, measured at SDHS output 5.5 mV
DCyri gg:g)set drift (PGA and | - | b A gain range, measured at SDHS output 47 Vs
AC power suppl Ve =3V +50 mVpp x sin (21 x PGA gain =0 dB 41
PSRR_AC rejef:’tion ratiopp y fc) where fc =1 MHz, Viy = ground, | PGA gain = 10 dB -37 dB
PSRR_AC = 20log(Voyt / 50 mV) PGA gain = 30 dB 19

(1) See PGA Gain Table in the MSP430FR58xx, MSP430FR59xx, and MSP430FR6xx Family User's Guide.
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8.13.14.9 USS Bias Voltage Generator

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

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
PVCC = V¢e (2.2 V to 3.6 V), EXCBIAS = 0 200
V.. .. Excitation bias voltage PVCC = Ve (2.2 V t0 3.6 V), EXCBIAS = 1 300 v
- (coupling capacitors) PVCC = V¢e (2.2 V to 3.6 V), EXCBIAS = 2 400
PVCC = V¢c (2.2 V t0 3.6 V), EXCBIAS = 3 600
PVCC = V¢c (2.2 V 10 3.6 V), BIMP = 0 450
Ryse Impedance of excitation bias | PVCC =Vcc (2.2 V10 3.6 V), BIMP =1 850 Q
generator PVCC = V¢ (22 V10 3.6 V), BIMP =2 1450
PVCC = V¢¢ (2.2 V to 3.6 V), BIMP = 3 2900
Tsee Excitation bias settling time ;\E/SSZ:OXC(? (CZ:KZ +Vc;[00p3=.61Vn)Ft,oB?i\Jl‘l;/°:;d value 20 us
PVCC = V¢e (2.2 V to 3.6 V), PGABIAS = 0 750
Vo s PGA bias voltage (coupling | PVCC =Vce (2.2 V t0 3.6 V), PGABIAS = 1 800 v
018 caps) PVCC = V¢c (2.2 V 10 3.6 V), PGABIAS = 2 900
PVCC = Vcc (2.2 V 10 3.6 V), PGABIAS = 3 950
PVCC = V¢c (2.2 V10 3.6 V), BIMP = 0 500
Ryen Impedance of acquisition bias |PVCC =Vcc (22V 10 3.6 V), BIMP = 1 900 0
generator PVCC =V¢c (2.2V 10 3.6 V), BIMP =2 1500
PVCC =V (2.2V 10 3.6 V), BIMP =3 2950
Tsea Acquisition bias settling time ;\E/TCSZ:OX%: (CZ:KZ +V(;[OOP3='61\Q;[:? Igl H{; inzd value 22 us
Rvex g%zgggff tzfrnEilr?aslssvc\)”rtlctI;?)Sof EX/ICPC:O\;/?;CZ;(SZZ V10 3.6V), PGABIAS =0;1:2.3, 1000 Q
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8.13.15 Emulation and Debug
8.13.15.1 JTAG and Spy-Bi-Wire Interface

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

PARAMETER Vee MIN TYP MAX| UNIT
lyTaG Supply current adder when JTAG active (but not clocked) 22V,3.0V 40 100 pA
fsew Spy-Bi-Wire input frequency 22V,3.0V 0 10 | MHz
tsBW,Low Spy-Bi-Wire low clock pulse duration 22V,3.0V 0.04 15 us
teaw, &n sé)é/:?‘(i;;Nire enable time (TEST high to acceptance of first clock 22V, 30V 10| us
tsBw Rst Spy-Bi-Wire return to normal operation time 15 100 us
frek TCK input frequency, 4-wire JTAG®?) 22V 0 10 MHz

3.0V 0 16
Rinternal Internal pulldown resistance on TEST 22V,3.0V 20 35 50| kQ
froLk T.C:ITK/MCLK frequency during JTAG access, no FRAM access 16| MHz
(limited by fsystem)
troLK LowiHigh TCLK low or high clock pulse duration, no FRAM access 25| s
FroLK FRAM T_CL_K/MCLK frequen_cy during JTAG access, including FRAM access 4l MHz
' (limited by fsystem With no FRAM wait states)

trcLk FrRAM, Lows  TCLK low or high clock pulse duration, including FRAM accesses 100 ns
High

(1)  Tools that access the Spy-Bi-Wire and the BSL interfaces must wait for the tsgw g, time after the first transition of the TEST/SBWTCK
pin (low to high), before the second transition of the pin (high to low) during the entry sequence.
(2) frck may be restricted to meet the timing requirements of the module selected.
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9 Detailed Description
9.1 Overview

The MSP430FR604x and MSP430FR504x ultra-low-power microcontrollers feature different sets of peripherals.
The architecture, combined with seven low-power modes, is optimized to achieve extended battery life for
example in portable measurement applications. The devices features a powerful 16-bit RISC CPU, 16-bit
registers, and constant generators that contribute to maximum code efficiency.

The MSP430FR604x and MSP430FR504x MCUs feature an ultrasonic sensing solution (USS) module, a
low-energy accelerator (LEA), up to six 16-bit timers, up to six eUSCIs that support UART, SPI, and I2C,
a comparator, a hardware multiplier, an AES accelerator, a 6-channel DMA, an RTC module with alarm
capabilities, up to 57 I/O pins, and a high-performance 12-bit ADC. The MSP430FR604x MCUs also include
an LCD controller module with contrast control for displays with up to 248 segments.

9.2 CPU

The MSP430 CPU has a 16-bit RISC architecture that is highly transparent to the application. All operations
other than program-flow instructions are performed as register operations in conjunction with seven addressing
modes for the source operand and four addressing modes for the destination operand.

The CPU is integrated with 16 registers that provide reduced instruction execution time. The register-to-register
operation execution time is one cycle of the CPU clock.

Four of the registers, RO to R3, are dedicated as program counter, stack pointer, status register, and constant
generator, respectively. The remaining registers are general-purpose registers.

Peripherals are connected to the CPU using data, address, and control buses, and can be managed with all
instructions.

The instruction set consists of the original 51 instructions with three formats and seven address modes and
additional instructions for the expanded address range. Each instruction can operate on word and byte data.

9.3 Ultrasonic Sensing Solution (USS_A)

The USS_A module provides a high-precision ultrasonic-sensing solution. The USS_A module is a sophisticated
system that consists of six submodules:

* UUPS (universal USS power supply)

* HSPLL (high-speed PLL) with oscillator

* ASQ (acquisition sequencer)

* PHY (physical interface)

* PPG_A (programmable pulse generator "A") with low output impedance driver
*  PGA (programmable gain amplifier)

» SDHS (sigma-delta high-speed ADC) with DTC (data transfer controller)

The submodules have different roles, and together the enable high-precision data acquisition in ultrasonic
applications. See the dedicated chapter for each submodule in the MSP430FR58xx, MSP430FR59xx, and
MSP430FR6xx Family User's Guide.

The USS module performs complete measurement sequence without CPU involvement to achieve ultra-low
power consumption for ultrasonic metrology. Section 7.1 shows the USS subsystem block diagram. The USS
module has dedicated I/O pins without secondary functions. See the Ulfrasonic Sensing Solution (USS) chapter
in the MSP430FR58xx, MSP430FR59xx, and MSP430FR6xx Family User's Guide for details.
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Figure 9-1. USS_A Subsystem Block Diagram

9.4 Low-Energy Accelerator (LEA) for Signal Processing

The LEA is a hardware engine designed for operations that involve vector-based signal processing, such as
FIR, IIR, and FFT. The LEA offers fast performance and low energy consumption when performing vector-based
digital signal processing computations. For performance benchmarks comparing LEA to using the CPU or other
processors, see Benchmarking the Signal-Processing Capabilities of the Low-Energy Accelerator.

The LEA requires MCLK to be operational; therefore, LEA runs only in active mode or LPMO. While the LEA is
running, the LEA data operations are performed on a shared 8KB of RAM out of the 12KB of total RAM (see
Table 9-52). This shared RAM can also be used by the regular application. The MSP CPU and the LEA can run
simultaneously and independently unless they access the same system RAM.

Direct access to LEA registers is not supported, and Tl recommends using the optimized Digital Signal
Processing (DSP) Library for MSP Microcontrollers for the operations that the LEA module supports.
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9.5 Operating Modes

The MCU has one active mode and seven software selectable low-power modes of operation. An interrupt event can wake up the device from low-power
modes LPMO through LPM4, service the request, and restore back to the low-power mode on return from the interrupt program. Low-power modes
LPM3.5 and LPM4.5 disable the core supply to minimize power consumption.

Note
XT1CLK and VLOCLK can be active during LPM4 if requested by low-frequency peripherals such as RTC or WDT.

Table 9-1. Operating Modes

AM LPMO LPM1 LPM2 LPM3 LPM4 LPM3.5 LPM4.5
MODE ACTIVE SHUTDOWN | SHUTDOWN
o (2)
ACTIVE FRAM OFF() CPU OFF CPU OFF STANDBY STANDBY OFF RTC ONLY WITH SVS WITHOUT SVS
Maximum system clock 16 MHz 16 MHz 16 MHz 50 kHz 50 kHz 0@ 50 kHz 0®
Pp_'cggfg”e”t consumption, | a3 | A/MHz | 65 yAMMHz | 70 uAat1MHz | 35 pA at 1 MHz 0.7 uA 0.4 pA 0.3 uA 0.25 pA 0.2 uA 0.02 pA
) =
Typical wake-up time N/A instant 6 us 6 us 7 ys 7 ps 250 ps 250 ps 1000 ps
Wake-up events N/A all all LF, RTC, 1O, LF, RTC, /O, 1/0, Comp RTC, 110 o
Comp Comp
CPU on off off off off off reset reset
USS_A on on off off off off reset reset
LEA on on(19) off off off off off reset reset
FRAM on of " standoy off off off off off off
(or off()
High-frequency peripherals available available available off off off reset reset
Low-frequency peripherals available available available available available 4) off '\I}L"’\'z reset
Unclocked peripherals(® available available available available available 4) available 4) reset reset
MCLK on on(10) off off off off off off off
SMCLK optional(® optional®) optional® off off off off off
ACLK on on on on on off off off
Full retention yes yes yes yes yes yes no no
Svs always always always optional(® optional(™ optional(”) optional(™ on(® off®
Brownout always always always always always always always always

(1) FRAM is disabled in the FRAM controller A (FRCTL_A).

(2) Disabling the FRAM through the FRAM controller A (FRCTL_A) allows the application to lower the LPM current consumption but the wake-up time increases as soon as FRAM is
accessed (for example, to fetch an interrupt vector). For a non-FRAM wake-up (for example, DMA transfer to RAM) the wake-up is not delayed.

(3) Allclocks are disabled.

(4) See Section 9.5.2, which describes the use of peripherals in LPM3 and LPM4.

(5) "Unclocked peripherals" are peripherals that do not require a clock source to operate; for example, the comparator and REF, or the eUSCI when operated as an SPI slave.

(6) Controlled by SMCLKOFF.
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(7) Activated SVS (SVSHE = 1) results in higher current consumption. SVS is not included in typical current consumption.
(8) SVSHE =1

(9) SVSHE=0

(10) Only while LEA is performing the task enabled by CPU during AM. LEA cannot be enabled in LPMO.
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9.5.1 Peripherals in Low-Power Modes

Peripherals can be in different states that impact the achievable power modes of the device. The states depend
on the operational modes of the peripherals (see Table 9-2). The states are:

» A peripheral is in a "high-frequency state" if it requires or uses a clock with a "high" frequency of more than
50 kHz.

» A peripheral is in a "low-frequency state" if it requires or uses a clock with a "low" frequency of 50 kHz or less.

» A peripheral is in an "unclocked state" if it does not require or use an internal clock.

If the CPU requests a power mode that does not support the current state of all active peripherals, the device
does not enter the requested power mode, but it does enter a power mode that still supports the current state
of the peripherals, except if an external clock is used. If an external clock is used, the application must use the
correct frequency range for the requested power mode.

Table 9-2. Peripheral States

PERIPHERAL IN HIGH-FREQUENCY STATE () IN LOW-FREQUENCY STATE @) IN UNCLOCKED STATE ()
WDT Clocked by SMCLK Clocked by ACLK Not applicable
DMA®) Not applicable Not applicable Waiting for a trigger.
RTC_C Not applicable Clocked by LFXT. Not applicable
LCD_C Not applicable Clocked by ACLK or VLOCLK. Not applicable
) Clocked by SMCLK or Clocked by ACLK or
Timer_A TAx clocked by external clock >50 kHz clocked by external clock <50 kHz Clocked by external clock <50 kHz
) Clocked by SMCLK or Clocked by ACLK or
Timer_B TBx clocked by external clock >50 kHz clocked by external clock <50 kHz Clocked by external clock <50 kHz
eUSCI_Axin . ) .
UART mode Clocked by SMCLK Clocked by ACLK Waiting for first edge of START bit.

eUSCI_Ax in SPI
master mode

Clocked by SMCLK

Clocked by ACLK

Not applicable

eUSCI_Ax in SPI

Clocked by external clock >50 kHz

Clocked by external clock <50 kHz

Clocked by external clock <50 kHz

slave mode

eUSCI_Bxin I2C Clocked by SMCLK or Clocked by ACLK or Not applicable

master mode clocked by external clock >50 kHz clocked by external clock <50 kHz PP

eUSCI_Bxin I2C Waiting for START condition or
slave mode Clocked by external clock >50 kHz Clocked by external clock <50 kHz clocked by external clock <50 kHz
eUSCI_Bxin SPI Clocked by SMCLK Clocked by ACLK Not applicable

master mode

zggg:ﬁsé:n SPI Clocked by external clock >50 kHz Clocked by external clock <50 kHz Clocked by external clock <50 kHz
ADC12_B Clocked by SMCLK or by MODOSC Clocked by ACLK Waiting for a trigger
REF_A Not applicable Not applicable Always

COMP_E Not applicable Not applicable Always

CRC®) Not applicable Not applicable Not applicable

MPY(5) Not applicable Not applicable Not applicable

AES®) Not applicable Not applicable Not applicable

(1) Peripherals are in a state that requires or uses a clock with a "high" frequency of more than 50 kHz.

(2) Peripherals are in a state that requires or uses a clock with a "low" frequency of 50 kHz or less.

(3) Peripherals are in a state that does not require or does not use an internal clock.
(4) The DMA always transfers data in active mode but can wait for a trigger in any low-power mode. A DMA trigger during a low-power

mode causes a temporary transition into active mode for the time of the transfer.
(5) This peripheral operates during active mode only and will delay the transition into a low-power mode until its operation is completed.
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9.5.2 Idle Currents of Peripherals in LPM3 and LPM4

Most peripherals can be operational in LPM3 if clocked by ACLK. Some modules are operational in LPM4,
because they do not require a clock to operate (for example, the comparator). Activating a peripheral in LPM3
or LPM4 increases the current consumption due to its active supply current contribution but also due to an
additional idle current. To reduce the idle current adder, certain peripherals are grouped together. To achieve
optimal current consumption, use modules within one group and limit the number of groups with active modules.
Table 9-3 lists the groups. Modules not listed in this table are either already included in the standard LPM3
current consumption or cannot be used in LPM3 or LPM4.

The idle current adder is very small at room temperature (25°C) but increases at high temperatures (85°C). See
the l,p_ g current parameters in Section 8 for details.

Table 9-3. Peripheral Groups

GROUP A GROUP B GROUP C
Timer TA1 Timer TAO Timer TA4
Timer TA2 Timer TA3 eUSCI_A2
Timer TBO Comparator eUSCI_A3
eUSCI_A0 ADC12_B eUSCI_B1
eUSCI_A1 REF_A LCD_C
eUSCI_BO

9.6 Interrupt Vector Table and Signatures

The interrupt vectors, the power-up start address and signatures are in the address range OFFFFh to OFF80h.
Figure 9-2 summarizes the content of this address range.

Reset Vector OFFFFh

BSL Password
Interrupt

Vectors

A
| OFFEON |

- ~—
Reserved JTAG Password

L ~—A

Signatures | OFF88h |
OFF80h

Figure 9-2. Interrupt Vectors, Signatures and Passwords

The power-up start address or reset vector is at OFFFFh to OFFFEh. It contains the 16-bit address pointing to the
start address of the application program.

The interrupt vectors start at OFFFDh and extend to lower addresses. Each vector contains the 16-bit address
of the appropriate interrupt-handler instruction sequence. Table 9-4 shows the device specific interrupt vector
locations.

The vectors programmed into the address range from OFFFFh to OFFEOh are used as BSL password (if enabled
by the corresponding signature).

The signatures are located at OFF80h and extend to higher addresses. Signatures are evaluated during device
start-up. Table 9-5 shows the device specific signature locations.
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A JTAG password can be programmed starting from address OFF88h and extending to higher addresses. The
password can extend into the interrupt vector locations using the interrupt vector addresses as additional bits for
the password. The length of the JTAG password depends on the JTAG signature.

Refer to the chapter "System Resets, Interrupts, and Operating Modes, System Control Module (SYS)" in the
MSP430FR58xx, MSP430FR59xx, and MSP430FR6xx Family User's Guide for details.

Table 9-4. Interrupt Sources, Flags, and Vectors

INTERRUPT
INTERRUPT SOURCE INTERRUPT FLAG VECTOR SYSTEM WORD | pRrioRITY
REGISTER INTERRUPT ADDRESS
System Reset
Power up, brownout, SVSHIFG
supply supervisor
External reset, RST PMMRSTIFG
Watchdog time-out WDTIFG
(watchdog mode)
WDT, FRCTL MPU, CS, | WDTPW, FRCTLPW, MPUPW, CSPW, | SYSRSTIV() Reset OFFFEh Highest
PMM password violation PMMPW
FRAM uncorrectable bit UBDIFG
error detection
MPU segment violation MPUSEG1IFG, MPUSEG2IFG,
MPUSEG3IFG
Software POR, BOR PMMPORIFG, PMMBORIFG
System NMI
Vacant memory access(? VMAIFG
JTAG mailbox JMBINIFG, JMBOUTIFG
FRAM access time error ACCTEIFG
FRAM write protection WPIFG SYSSNIV(") (Non)maskable® OFFFCh
error
FRAM bit error detection CBDIFG, UBDIFG
MPU segment violation MPUSEG1IFG, MPUSEG2IFG,
9 MPUSEG3IFG
User NMI
External NMI NMIIFG
Oscillator faut OFIFG SYSUNIV(D (Non)maskable® OFFFAh
scillator fau
LEA RAM access conflict DACCESSIFG
Comparator_E CEIFG, CEIIFG CEIV() Maskable OFFF8h
TBO TBOCCRO CCIFG Maskable OFFF6h
TBO TBOCCRT CTCE;gthE ISFF%CR‘S CCIFG, TBOIV() Maskable OFFF4h
Watc“g;%:'mﬁgg;‘te“’a' WDTIFG Maskable OFFF2h
USCI A recei UCRXIFG, UCTXIFG (SPI mode)
e receive or
Tansmit UCSTTIFG, UCTXCPTIFG, UCRXIFG, ucAoiv® Maskable OFFFOh
UCTXIFG (UART mode)
UCRXIFG, UCTXIFG (SPI mode)
) UCALIFG, UCNACKIFG, UCSTTIFG,
eUSCI_BO receive or UCSTPIFG, UCRXIFGO, UCTXIFGO, UCBOIV() Maskable OFFEEh

transmit

UCRXIFG1, UCTXIFG1, UCRXIFG2,
UCTXIFG2, UCRXIFG3, UCTXIFG3,
UCCNTIFG, UCBIT9IFG (I2C mode)
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Table 9-4. Interrupt Sources, Flags, and Vectors (continued)

INTERRUPT SOURCE INTERRUPT FLAG e Noeanorr | AnRD | PRIORITY
REGISTER
ADC12IFGO to ADC12IFG31,
ADC12_B® &%ﬁéﬁ%ﬁé@%ﬁ&'fﬁé, ADC121V() Maskable OFFECh
ADC210VIFG, ADC12TOVIFG
TAO TAOCCRO CCIFG Maskable OFFEAh
TAO TAOCCR1 ?géi%gﬁ&ggm CCIFG, TAOIV() Maskable OFFESh
LUSCI Al receive o UCRXIFG, UCTXIFG (SPI mode)
Tansmit UCSTTIFG, UCTXCPTIFG, UCRXIFG, | UCATIV(®) Maskable OFFEGh
UCTXIFG (UART mode)
DMA DMAOCTL'B,'\\A”:;FC%L?DM,V’D:I%L'DMA'FG' DMAIV() Maskable OFFE4h
TA1 TA1CCRO CCIFG Maskable OFFE2h
TA1 TATCCR1 ?X;FC%L_TTA;I%RZ CCIFG, TA1IVO) Maskable OFFEO
1/0 port P1 P1IFG.0 to P1IFG.7 P1IV() Maskable OFFDEh
TA2 TA2CCRO CCIFG Maskable OFFDCh
TA2 TA2CCR1 CCIFG, TA2CTL.TAIFG TA2IVO) Maskable OFFDAh
I/O port P2 P2IFG.0 to P2IFG.7 P2iv(h) Maskable OFFD8h
TA3 TA3CCRO CCIFG Maskable OFFD6h
TA3 TA3CCR1 CCIFG, TA3CTL.TAIFG TA3IV() Maskable OFFD4h
1/0 port P3 P3IFG.0 to P3IFG.7 P3IV() Maskable OFFD2h
1/ port P4 P4IFG.0 to P4IFG.7 P4IV() Maskable OFFDOh
LCD_C '-CLDCNDOB?_Q';',ZIGF*C;CL%%LF';OMF;'CEG' LcDCIV( Maskable OFFCEh
RTC G RICRDVIFG, RICTEVIFG, RTGAFG, | gronm | waskable | OFFCOn
AES AESRDYIFG Maskable OFFCAh
TA4 TA4CCRO CCIFG Maskable OFFC8h
TA4 TA4CCR1 CCIFG, TA4CTL.TAIFG TA4IV() Maskable OFFC6h
1/0 port P5 P5IFG.0 to P5IFG.7 P5IV() Maskable OFFC4h
1/0 port P6 P6IFG.0 to P6IFG.7 P6IV() Maskable OFFC2h
LUSCI A2 receive o UCRXIFG, UCTXIFG (SPI mode)
Tansmit UCSTTIFG, UCTXCPTIFG, UCRXIFG, | UCA2IV( Maskable OFFCOh
UCTXIFG (UART mode)
LUSCI A3 receive or UCRXIFG, UCTXIFG (SPI mode)
Tansmit UCSTTIFG, UCTXCPTIFG, UCRXIFG, | UCA3IV® Maskable OFFBEh
UCTXIFG (UART mode)
UCRXIFG, UCTXIFG (SPI mode)
UCALIFG, UCNACKIFG, UCSTTIFG,
eUSCI_B1 receive or UCSTPIFG, UCRXIFGO, UCTXIFGO, UCB1IVD Maskable OFFBCh
transmit UCRXIFG1, UCTXIFG1, UCRXIFG2,
UCTXIFG2, UCRXIFG3, UCTXIFG3,
UCCNTIFG, UCBIT9IFG (12C mode)
1/0 port P7 P7IFG.0 to P7IFG.7 P7IV() Maskable OFFBAh
LEA CMDIFG, SDé'g\C/"LICF’gR'FG' TIFG, LEAIV(D Maskable OFFB8h
UUPS PTMOUT, PREQIG IIDX(" Maskable OFFB6h
HSPLL PLLUNLOCK lIDX(™M Maskable OFFB4h
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Table 9-4. Interrupt Sources, Flags, and Vectors (continued)

INTERRUPT
INTERRUPT SOURCE INTERRUPT FLAG VECTOR AL WORD | pRrioRrITY
INTERRUPT | ADDRESS
REGISTER
SAPH_A DATAERR, TAMTO, SEQDN, PNGDN IIDX™ Maskable OFFB2h
OVF, ACQDONE, SSTRG, DTRDY,
, , s f 1)
SDHS WINHI, WINLO 1IDX Maskable OFFBOh Lowest

M
()
3)
4)

Multiple source flags

A reset is generated if the CPU tries to fetch instructions from within peripheral space.

(Non)maskable: the individual interrupt enable bit can disable an interrupt event, but the general interrupt enable bit cannot disable it.

Only on devices with ADC, otherwise reserved.

Table 9-5. Signatures

SIGNATURE WORD ADDRESS
IP Encapsulation Signature2 OFF8Ah
IP Encapsulation Signature1(!) OFF88h
BSL Signature2 OFF86h
BSL Signature1 0FF84h
JTAG Signature2 0FF82h
JTAG Signature1 O0FF80h

(1)  Must not contain 0AAAA if used as the JTAG password.
9.7 Bootloader (BSL)

The BSL can program the FRAM or RAM using a UART serial interface (FRxxxx devices) or an I2C interface
(FRxxxx1 devices). Access to the device memory through the BSL is protected by an user-defined password.
Table 9-6 lists the pins that are required for use of the BSL. BSL entry requires a specific entry sequence on
the RST/NMI/SBWTDIO and TEST/SBWTCK pins. For a complete description of the features of the BSL and
its implementation, see the MSP430™ FRAM Devices Bootloader (BSL) User's Guide. More information on the
BSL can be found at www.ti.com/tool/mspbsl.

Table 9-6. BSL Pin Requirements and Functions

DEVICE SIGNAL BSL FUNCTION
RST/NMI/SBWTDIO Entry sequence signal
TEST/SBWTCK Entry sequence signal
P2.0 Devices with UART BSL (FRxxxx): Data transmit
P2.1 Devices with UART BSL (FRxxxx): Data receive
P1.6 Devices with 12C BSL (FRxxxx1): Data
P1.7 Devices with 12C BSL (FRxxxx1): Clock
DVCC, AVCC Power supply
DVSS, AVSS Ground supply
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9.8 JTAG Operation
9.8.1 JTAG Standard Interface

The MSP family supports the standard JTAG interface, which requires four signals for sending and receiving
data. The JTAG signals are shared with general-purpose 1/0. The TEST/SBWTCK pin is used to enable
the JTAG signals. In addition to these signals, the RST/NMI/SBWTDIO is required to interface with MSP
development tools and device programmers. Table 9-7 lists the JTAG pin requirements. For further details on
interfacing to development tools and device programmers, see the MSP430 Hardware Tools User's Guide. For
a complete description of the features of the JTAG interface and its implementation, see MSP430 Programming
With the JTAG Interface.

Table 9-7. JTAG Pin Requirements and Functions

DEVICE SIGNAL DIRECTION FUNCTION
PJ.3/TCK IN JTAG clock input
PJ.2/ITMS IN JTAG state control

PJ.1/TDI/ITCLK IN JTAG data input, TCLK input
PJ.0/TDO ouT JTAG data output
TEST/SBWTCK IN Enable JTAG pins
RST/NMI/SBWTDIO IN External reset
DVCC, AvCC - Power supply
DVSS, AVSS - Ground supply

9.8.2 Spy-Bi-Wire Interface

In addition to the standard JTAG interface, the MSP family supports the two wire Spy-Bi-Wire interface. Spy-Bi-
Wire can be used to interface with MSP development tools and device programmers. The Spy-Bi-Wire interface
pin requirements are shown in Table 9-8. For further details on interfacing to development tools and device
programmers, see the MSP430 Hardware Tools User's Guide. For a complete description of the features of the
JTAG interface and its implementation, see MSP430 Programming With the JTAG Interface.

Table 9-8. Spy-Bi-Wire Pin Requirements and Functions

DEVICE SIGNAL DIRECTION FUNCTION
TEST/SBWTCK IN Spy-Bi-Wire clock input
RST/NMI/SBWTDIO IN, OUT Spy-Bi-Wire data input and output
DVCC, AvCC - Power supply
DVSS, AVSS - Ground supply
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9.9 FRAM Controller A (FRCTL_A)

The FRAM can be programmed through the JTAG port, Spy-Bi-Wire (SBW), the BSL, or in-system by the CPU.
Features of the FRAM include:

» Ultra-low-power ultra-fast-write nonvolatile memory
* Byte and word access capability

* Programmable wait state generation

» Error correction coding (ECC)

Note
Wait States

For MCLK frequencies >8 MHz, wait states must be configured as described in the Wait State Control
section of the FRAM Controller A (FRCTRL_A) chapter in the MSP430FR58xx, MSP430FR59xx, and
MSP430FR6xx Family User's Guide.

For important software design information regarding FRAM including but not limited to partitioning the memory
layout according to application-specific code, constant, and data space requirements, the use of FRAM to
optimize application energy consumption, and the use of the memory protection unit (MPU) to maximize
application robustness by protecting the program code against unintended write accesses, see MSP430™
FRAM Technology — How to and Best Practices.

9.10 RAM

The RAM is made up of three sectors. Sector 0 = 2KB, Sector 1 = 2KB, Sector 2 = 8KB (shared with LEA).
Each sector can be individually powered down in LPM3 and LPM4 to save leakage. Data is lost when sectors
are powered down in LPM3 and LPM4.

9.11 Tiny RAM

22 bytes of Tiny RAM are provided in addition to the complete RAM (see Table 9-52). This memory is always
available, even in LPM3 and LPM4, while the complete RAM can be powered down in LPM3 and LPM4. Tiny
RAM can be used to hold data or a very small stack when the complete RAM is powered down in LPM3 and
LPM4. No memory is available in LPMx.5.

9.12 Memory Protection Unit (MPU) Including IP Encapsulation

The FRAM can be protected by the MPU from inadvertent CPU execution, read access, or write access.
Features of the MPU include:

» |P encapsulation with programmable boundaries in steps of 1KB (prevents reads from "outside"; for example,
through JTAG or by non-IP software).

* Main memory partitioning is programmable up to three segments in steps of 1KB.

» Access rights of each segment can be individually selected (main and information memory).

» Access violation flags with interrupt capability for easy servicing of access violations.
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9.13 Peripherals

Peripherals are connected to the CPU through data, address, and control buses. Peripherals can be controlled
using all instructions. For complete module descriptions, see the MSP430FR58xx, MSP430FR59xx, and
MSP430FR6xx Family User's Guide.

9.13.1 Digital I/O
Up to eight 8-bit I/O ports are implemented:

» Allindividual I/O bits are independently programmable.

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

*  Programmable pullup or pulldown on all ports.

» Edge-selectable interrupt and LPM3.5 and LPM4.5 wakeup input capability is available for all pins of ports
P1, P2, P3, P4, P5, P6, and P7.

* Read and write access to port control registers is supported by all instructions.

» Ports P1/P2, P3/P4, P5/P6, P7/(P8) can be accessed byte-wise or word-wise in pairs.

* No cross-currents during start-up.

Note
Configuration of Digital I/Os After BOR Reset

To prevent any cross currents during start-up of the device, all port pins are high-impedance with
Schmitt triggers and their module functions disabled. To enable the I/O functionality after a BOR
reset, the ports must be configured first and then the LOCKLPMS5 bit must be cleared. For details,
refer to the "Configuration After Reset" section of the Digital I/O chapter in the MSP430FR58xx,
MSP430FR59xx, and MSP430FR6xx Family User's Guide.

9.13.2 Oscillator and Clock System (CS)

The clock system includes support for a 32-kHz watch-crystal oscillator XT1 (LF), an internal very-low-power
low-frequency oscillator (VLO), an integrated internal digitally controlled oscillator (DCQO), and a high-frequency
crystal oscillator XT2 (HF). The clock system module is designed to meet the requirements of both low system
cost and low power consumption. A fail-safe mechanism exists for all crystal sources. The clock system module
provides the following clock signals:

» Auxiliary clock (ACLK). ACLK can be sourced from a 32-kHz watch crystal (LFXT1), the internal VLO, or a
digital external low-frequency (<50 kHz) clock source.

* Main clock (MCLK), the system clock used by the CPU. MCLK can be sourced from a high-frequency crystal
(HFXT2), the internal DCO, a 32-kHz watch crystal (LFXT1), the internal VLO, or a digital external clock
source.

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

» The high frequency oscillator XT2 (HF) can be sourced from the oscillator of the ultrasonic subsystem
USSXT through an internal connection.

9.13.3 Power-Management Module (PMM)

The PMM includes an integrated voltage regulator that supplies the core voltage to the device. The PMM also
includes supply voltage supervisor (SVS) and brownout protection. The brownout circuit provides the proper
internal reset signal to the device during power on and power off. The SVS circuitry detects if the supply voltage
drops below a safe level and below a user-selectable level. SVS circuitry is available on the primary and core
supplies.

9.13.4 Hardware Multiplier (MPY)

The multiplication operation is supported by a dedicated peripheral module. The module performs operations
with 32-, 24-, 16-, and 8-bit operands. The module supports signed multiplication, unsigned multiplication, signed
multiply-and-accumulate, and unsigned multiply-and-accumulate operations.
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9.13.5 Real-Time Clock (RTC_C)
The RTC_C module contains an integrated real-time clock (RTC) with the following features:

» Calendar mode with leap year correction
» General-purpose counter mode

The internal calendar compensates for months with fewer than 31 days and includes leap year correction. The
RTC_C also supports flexible alarm functions and offset-calibration hardware. RTC operation is available in
LPM3.5 modes to minimize power consumption.

9.13.6 Measurement Test Interface (MTIF)

The MTIF module provides a simple pulse-based test interface that is used to implement consumption
monitoring of "legal relevant data" with high integrity. MTIF consists of the a pulse generator, a pulse counter,
and a pulse interface. MTIF has following features:

* Independent passwords for generator counter and pulse interface
» Pulse rates up to 1016 pulses/second

* Pulse frame duration from 1/16 sto 16 s

» Count capacity up to 65535 (16 bit)

» Operating in LPM3.5 with 200 nA

* 2-pin interface with MTIF_OUT_IN and MTIF_PIN_EN

9.13.7 Watchdog Timer (WDT_A)

The primary function of the WDT_A module is to perform a controlled system restart if 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. Table 9-9 lists the clocks that can be selected by the WDT.

Table 9-9. WDT_A Clocks

NORMAL OPERATION
WDTSSEL (WATCHDOG AND INTERVAL TIMER
MODE)
00 SMCLK
01 ACLK
10 VLOCLK
11 LFMODCLK

9.13.8 System Module (SYS)

The SYS module manages many of the system functions within the device. These include power-on reset (POR)
and power-up clear (PUC) handling, NMI source selection and management, reset interrupt vector generators,
bootloader (BSL) entry mechanisms, and configuration management (device descriptors). The SYS module also
includes a data exchange mechanism through JTAG called a JTAG mailbox that can be used in the application.
Table 9-10 lists the SYS module interrupt vector registers.
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Table 9-10. System Module Interrupt Vector Registers

INTERRUPT VECTOR REGISTER | ADDRESS INTERRUPT EVENT VALUE PRIORITY
No interrupt pending 00h
Brownout (BOR) 02h Highest
RSTIFG RST/NMI (BOR) 04h
PMMSWBOR software BOR (BOR) 06h
LPMx.5 wakeup (BOR) 08h
Security violation (BOR) 0Ah
Reserved 0Ch
SVSHIFG SVSH event (BOR) OEh
Reserved 10h
Reserved 12h
PMMSWPOR software POR (POR) 14h
WDTIFG watchdog timeout (PUC) 16h
SYSRSTIV, System Reset 019Eh WDTPW password violation (PUC) 18h
FRCTLPW password violation (PUC) 1Ah
Uncorrectable FRAM bit error detection (PUC) 1Ch
Peripheral area fetch (PUC) 1Eh
PMMPW PMM password violation (PUC) 20h
MPUPW MPU password violation (PUC) 22h
CSPW CS password violation (PUC) 24h
MPUSEGIPIFG encapsulated IP memory segment violation (PUC) 26h
Reserved 28h
MPUSEG1IFG segment 1 memory violation (PUC) 2Ah
MPUSEG2IFG segment 2 memory violation (PUC) 2Ch
MPUSEGS3IFG segment 3 memory violation (PUC) 2Eh
Reserved 30h to 3Eh Lowest
No interrupt pending 00h
Reserved 02h Highest
Uncorrectable FRAM bit error detection 04h
FRAM Access Time Error 06h
MPUSEGIPIFG encapsulated IP memory segment violation 08h
Reserved O0Ah
MPUSEG1IFG segment 1 memory violation 0Ch
MPUSEG2IFG segment 2 memory violation OEh
SYSSNIV, System NMI 019Ch
MPUSEGS3IFG segment 3 memory violation 10h
VMAIFG Vacant memory access 12h
JMBINIFG JTAG mailbox input 14h
JMBOUTIFG JTAG mailbox output 16h
Correctable FRAM bit error detection 18h
FRAM Write Protection Detection 1Ah
LEA Time-out Fault 1Ch
LEA Command Fault 1Eh Lowest
No interrupt pending 00h
NMIIFG NMI pin 02h Highest
SYSUNIV, User NMI 019Ah OFIFG oscillator fault 04h
DACCESSIFG 06h
Reserved 08h
Reserved OAh to 1Eh Lowest
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9.13.9 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 ADC12_B 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 awaken to move
data to or from a peripheral. Table 9-11 lists the available DMA trigger assignments.

Table 9-11. DMA Trigger Assignments(")

TRIGGER CHANNEL 0 CHANNEL 1 CHANNEL 2 CHANNEL 3 CHANNEL 4 CHANNEL 5
0 DMAREQ DMAREQ DMAREQ DMAREQ DMAREQ DMAREQ
1 TAOCCRO CCIFG TAOCCRO CCIFG TAOCCRO CCIFG TAOCCRO CCIFG TAOCCRO CCIFG TAOCCRO CCIFG
2 TAOCCR2 CCIFG TAOCCR2 CCIFG TAOCCR2 CCIFG TAOCCR2 CCIFG TAOCCR2 CCIFG TAOCCR2 CCIFG
3 TA1CCRO CCIFG TA1CCRO CCIFG TA1CCRO CCIFG TA1CCRO CCIFG TA1CCRO CCIFG TA1CCRO CCIFG
4 TA1CCR2 CCIFG TA1CCR2 CCIFG TA1CCR2 CCIFG TA1CCR2 CCIFG TA1CCR2 CCIFG TA1CCR2 CCIFG
5 TA2CCRO CCIFG TA2CCRO CCIFG TA2CCRO CCIFG TA2CCRO CCIFG TA2CCRO CCIFG TA2CCRO CCIFG
6 TA3CCRO CCIFG TA3CCRO CCIFG TA3CCRO CCIFG TA3CCRO CCIFG TA3CCRO CCIFG TA3CCRO CCIFG
7 TBOCCRO CCIFG TBOCCRO CCIFG TBOCCRO CCIFG TBOCCRO CCIFG TBOCCRO CCIFG TBOCCRO CCIFG
8 TBOCCR2 CCIFG TBOCCR2 CCIFG TBOCCR2 CCIFG TBOCCR2 CCIFG TBOCCR2 CCIFG TBOCCR2 CCIFG
9 TA4CCRO CCIFG TA4CCRO CCIFG TA4CCRO CCIFG TA4CCRO CCIFG TA4CCRO CCIFG TA4CCRO CCIFG
10 Reserved Reserved Reserved Reserved Reserved Reserved
11 AES Trigger 0 AES Trigger 0 AES Trigger 0 AES Trigger 0 AES Trigger 0 AES Trigger 0
12 AES Trigger 1 AES Trigger 1 AES Trigger 1 AES Trigger 1 AES Trigger 1 AES Trigger 1
13 AES Trigger 2 AES Trigger 2 AES Trigger 2 AES Trigger 2 AES Trigger 2 AES Trigger 2
14 UCAORXIFG UCAORXIFG UCAORXIFG UCA2RXIFG UCA2RXIFG UCA2RXIFG
15 UCAOTXIFG UCAOTXIFG UCAOTXIFG UCA2TXIFG UCA2TXIFG UCA2TXIFG
16 UCA1TRXIFG UCA1RXIFG UCA1TRXIFG UCA3RXIFG UCA3RXIFG UCA3RXIFG
17 UCA1TXIFG UCA1TXIFG UCA1TXIFG UCA3TXIFG UCA3TXIFG UCA3TXIFG
18 UCBORXIFG (SPI) UCBORXIFG (SPI) UCBORXIFG (SPI) UCB1RXIFG (SPI) UCB1RXIFG (SPI) UCB1RXIFG (SPI)
UCBORXIFGO (I2C) UCBORXIFGO (I2C) UCBORXIFGO (12C) UCB1RXIFGO (I2C) UCB1RXIFGO (I2C) UCB1RXIFGO (I2C)
19 UCBOTXIFG (SPI) UCBOTXIFG (SPI) UCBOTXIFG (SPI) UCB1TXIFG (SPI) UCB1TXIFG (SPI) UCB1TXIFG (SPI)
UCBOTXIFGO (I2C) UCBOTXIFGO (I12C) UCBOTXIFGO (I2C) UCB1TXIFGO (I2C) UCB1TXIFGO (I2C) UCB1TXIFGO (I2C)
20 UCBORXIFGH1 (I2C) UCBORXIFGT1 (I2C) UCBORXIFG1 (12C) UCB1RXIFGT1 (I2C) UCB1RXIFG1 (I2C) UCB1RXIFG1 (I2C)
21 UCBOTXIFG1 (I2C) UCBOTXIFG1 (12C) UCBOTXIFGH1 (I2C) UCB1TXIFG1 (I2C) UCB1TXIFG1 (I2C) UCB1TXIFG1 (I2C)
22 UCBORXIFG2 (I2C) UCBORXIFG2 (I2C) UCBORXIFG2 (I2C) UCB1RXIFG2 (I2C) UCB1RXIFG2 (I2C) UCB1RXIFG2 (I2C)
23 UCBOTXIFG2 (12C) UCBOTXIFG2 (I12C) UCBOTXIFG2 (I2C) UCB1TXIFG2 (I2C) UCB1TXIFG2 (I2C) UCB1TXIFG2 (12C)
24 UCBORXIFG3 (I2C) UCBORXIFG3 (I2C) UCBORXIFG3 (12C) UCB1RXIFG3 (I2C) UCB1RXIFG3 (I2C) UCB1RXIFG3 (I2C)
25 UCBOTXIFG3 (I2C) UCBOTXIFG3 (I2C) UCBOTXIFG3 (I2C) UCB1TXIFG3 (I2C) UCB1TXIFG3 (I2C) UCB1TXIFG3 (I2C)
26 ADC12 er)d of ADC12 er'1d of ADC12 end of ADC12 er_1d of ADC12 er)d of ADC12 epd of
conversion conversion conversion conversion conversion conversion
27 LEA Ready LEA Ready USS_A PPGTRIG USS_A PPGTRIG LEA Ready LEA Ready
28 Reserved Reserved Reserved Reserved Reserved Reserved
29 MPY ready MPY ready MPY ready MPY ready MPY ready MPY ready
30 DMA2IFG DMAOIFG DMA1IFG DMASIFG DMA3IFG DMA4IFG
31 DMAEO DMAEO DMAEO DMAEO DMAEO DMAEO

(1) If areserved trigger source is selected, no trigger is generated.
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9.13.10 Enhanced Universal Serial Communication Interface (eUSCI)

The eUSCI modules are used for serial data communication. The eUSCI module supports synchronous
communication protocols such as SPI (3- or 4-pin) and I2C, and asynchronous communication protocols such as
UART, enhanced UART with automatic baud-rate detection, and IrDA.

The eUSCI_AO0, eUSCI_A1, eUSCI_A2, and eUSCI_A3 modules support SPI (3- or 4-pin), UART, enhanced
UART, and IrDA.

The eUSCI_BO0 and eUSCI_B1 modules support SPI (3- or 4-pin) and I2C.
Up to four eUSCI_A modules and up to two eUSCI_B modules are implemented.
9.13.11 TAO, TA1, and TA4

TAO, TA1, and TA4 are 16-bit timers and counters (Timer_A type) with three (TAO and TA1) or two (TA4) capture/
compare registers each. Each timer can support multiple captures or compares, PWM outputs, and interval
timing (see Table 9-12, Table 9-13, and Table 9-14). Each timer has extensive interrupt capabilities. Interrupts
may be generated from the counter on overflow conditions and from each of the capture/compare registers.

Table 9-12. TAO Signal Connections

INPUT PORT PIN| PO T | MO ioNAL | 'BLOCK  |OUTPUTSIGNAL|  SIGNAL | OUTPUT PORTPIN
P2.4, P4.5, P6.0 TAOCLK TACLK
ACLK (internal) ACLK .
SMCLK (internal) SMCLK Timer N/A N/A
P2.4. P4.5, P6.0 TAOCLK INCLK
P2.3 TAO0.0 CCI0A P2.3
P5.4 TA0.0 CcCloB P5.4
DVSS GND CCRO TAO TAO0.0
DvCC Vee
P6.7 TAO.1 CCHA P6.7
. ADC12(internal)(®)
COUT (internal) CCI1B CCR1 A1 TAOA ADC12(SHSx _ 11}
DVSS GND
DvVCC Vee
P5.7 TAO.2 CCI2A P5.7
ACLK (internal) CCI2B P2.5
UUPS Trigger
Dvss oND o " R P oy
UPSEL = {2}
DvCC Vee
(1)  Only on devices with ADC.
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Table 9-13. TA1 Signal Connections

INPUT PORT PIN| PE e | MO SioNAL | 'BLOGK  |OUTPUTSIGNAL|  SIGNAL | OUTPUT PORTPIN
P2.4, P4.5, P3.1 TA1CLK TACLK
ACLK (internal) ACLK )
SMCLK (internal) SMCLK Timer N/A N/A
P2.4. P4.5, P3.1 TATCLK INCLK
P1.0 TA1.0 CCI0A P1.0
P7.0 TA1.0 CCloB P1.2
DVSS GND CCRO TAO TA1.0 570
DvCC Vee
P3.2 TA1.1 CCI1A P1.3
COUT (internal) CCl1B P3.2
DVSS GND CCR1 TA1 TA1.1 z\gglgg:{g;nig(;;
DvCC Vee
P2.6 TA1.2 CCI2A P2.6
ACLK (internal) CCl2B P7.0
ASQ Trigger
SEL={2}
DvCC Vee
(1)  Only on devices with ADC.
Table 9-14. TA4 Signal Connections
P;Fj G'IP'::;I? ’ TA4CLK TACLK
ACLK (internal) ACLK .
SMCLK (internal) SMCLK Timer N/A N/A
PLIPES | rrerk NoLK
P1.1 TA4.0 CCIOA P1.1
P2.5 TA4.0 CcCloB P2.5
DVSS GND CCRO TAO TA4.0
DvCC Vee
P5.5 TA4.1 CCIA P5.5
P2.7 TA4.1 CCIB P2.7
DVSS GND CCR1 TA1 TA4.1 ﬁgg}ggﬁg;nig(;})’
DvCC Vee
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9.13.12 TA2 and TA3

TA2 and TA3 are 16-bit timers and counters (Timer_A type) with two capture/compare registers each and with
internal connections only. Each timer can support multiple captures or compares, PWM outputs, and interval
timing (see Table 9-15 and Table 9-16). Each timer has extensive interrupt capabilities. Interrupts may be
generated from the counter on overflow conditions and from each of the capture/compare registers.

Table 9-15. TA2 Signal Connections

DEVICE INPUT SIGNAL | MODULE INPUT NAME MODULE BLOCK MODgILgN?;iTPUT DEVI;ESXEPUT
COUT (internal) TACLK
ACLK (internal) ACLK )
SMCLK (internal) SMCLK Timer NA
Reserved INCLK
TA3 ((iDHCtZSRrgac;;Jtput CCIOA TA3 CCIOA input
ACLK (internal) CcCloB CCRO TAO
DVSS GND
DvCC Vee
Reserved CCHA ﬁgg 1 ggrll-ltg;nil?{g;
COUT (internal) CCI1B CCR1 TA1 sF:«PPi_TPrig%?rrl_(ﬁgggL{E{;Z)}
DVSS GND
DVCC Vee

(1)  Only on devices with ADC

Table 9-16. TA3 Signal Connections

DEVICE INPUT SIGNAL | MODULE INPUT NAME MODULE BLOCK MODgngN?AL:_TPUT DEVI;ESXEPUT
COUT (internal) TACLK
ACLK (internal) ACLK )
SMCLK (internal) SMCLK Timer NA
Reserved INCLK
TA2 CCRO output CCIOA TA2 CCIOA input
(internal)
ACLK (internal) CcCloB CCRO TAO
DVSS GND
DVCC Vee
Reserved CCHA ﬁggggﬁgﬂ?g
COUT (internal) CClMB CCR1 TA1
DVSS GND
DvCC Vee

(1)  Only on devices with ADC
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9.13.13 TBO

TBO is a 16-bit timer and counter (Timer_B type) with seven capture/compare registers. TBO can support
multiple captures or compares, PWM outputs, and interval timing (see Table 9-17). TBO has extensive interrupt
capabilities. Interrupts may be generated from the counter on overflow conditions and from each of the capture/
compare registers.

Table 9-17. TBO Signal Connections

DEVICE INPUT | MODULE INPUT MODULE DEVICE OUTPUT
INPUT PORT PIN S e MODULE BLOCK | 1o /T SIGNAL e OUTPUT PORT PIN
P2.4, P4.6, P6.2 TBOCLK TBCLK
ACLK (internal) ACLK
Timer N/A N/A
SMCLK (internal) SMCLK
P2.4, P4.6, P6.2 TBOCLK INCLK
P3.0 TB0.0 CCIOA P3.0
P5.0 TB0.0 CCIOB P5.0
CCRO TBO TB0.0 ADC12 (internal)
DVSS GND ADC12SHSx = {2}
DVCC Vee
P3.1 TBO.1 CCHA P3.1
COUT (internal) CCl1B P5.1
CCR1 TB1 TBO.1 ADC12 (internal)(!)
DVSS GND ADC12SHSx = {3}
DVCC Vee
P3.7 TBO0.2 CCI2A P3.7
ACLK (internal) CCI2B P5.2
CCR2 TB2 TBO0.2
DVSS GND
DVCC Vee
P5.3 TBO0.3 CCI3A P5.3
P3.3 TBO0.3 CCI3B P3.3
CCR3 TB3 TBO.3
DVSS GND
DVCC Vee
P1.4 TBO0.4 CCI4A P1.4
P4.1 TBO0.4 CCl4B P4.1
CCR4 TB4 TBO0.4
DVSS GND
DVCC Vee
P1.5 TBO.5 CCI5A P1.5
P4.2 TBO.5 CCI5B P4.2
CCR5 TB5 TBO.5
DVSS GND
DVCC Vee
PJ.3 TB0.6 CCIBA PJ.3
P3.6 TB0.6 CCl6B P3.6
CCR6 TB6 TBO0.6
DVSS GND
DVCC Vee

(1)  Only on devices with ADC.
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9.13.14 ADC12_B

The ADC12_B module supports fast 12-bit analog-to-digital conversions with differential and single-ended
inputs. The module implements a 12-bit SAR core, sample select control, a reference generator, and a
conversion result buffer. A window comparator with lower and upper limits allows CPU-independent result
monitoring with three window comparator interrupt flags.

Table 9-18 lists the available external trigger sources. Table 9-19 lists the available multiplexing between internal
and external analog inputs.

Table 9-18. ADC12_B Trigger Signal Connections
ADC12SHSx CONNECTED TRIGGER
BINARY DECIMAL SOURCE

000 0 Software (ADC12SC)

001 1 TAO CCR1 output

010 2 TBO CCRO output

011 3 TBO CCR1 output

100 4 TA1 CCR1 output

101 5 TA2 CCR1 output

110 6 TA3 CCR1 output

111 7 TA4 CCR1 output

Table 9-19. ADC12_B External and Internal Signal Mapping
CONTROL BIT IN ADC12CTL3 EXTERNAL ADC INPUT INTERNAL ADC INPUT
REGISTER (CONTROL BIT = 0) (CONTROL BIT = 1)

ADC12BATMAP A31 Battery monitor
ADC12TCMAP A30 Temperature sensor
ADC12CHOMAP A29 N/AM
ADC12CH1MAP A28 N/AM
ADC12CH2MAP A27 N/A(M)
ADC12CH3MAP A26 N/AM)

(1)  N/A = No internal signal is available on this device.
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9.13.15 USS_A

Table 9-20 lists the available connections for the UUPS trigger signal.

Table 9-20. UUPS Trigger Signal Connections

UUPS.CTL.USSPWRUPSEL CONNECTED TRIGGER SOURCE
00b Software (UUPS.CTL.USSPWRUP)
01b RTC (any enabled interrupt events)
10b TAO CCR2 output
11b P1.7

Table 9-21 lists the available connections for the PPF trigger signal.

Table 9-21. PPG Trigger Signal Connections

SAPH.PGCTL.TRSEL CONNECTED TRIGGER SOURCE
00b Software (SAPH.PPGTRIG.PPGTRIG)
01b ASQ (acquisition sequencer)
10b TA2 CCR1 output
11b Reserved

Table 9-22 lists the available connections for the ASQ trigger signal.

Table 9-22. ASQ Trigger Signal Connections

SAPH.ASCTLO.TRIGSEL CONNECTED TRIGGER SOURCE
00b Software (SAPH.ASQTRIG.ASQTRIG)
01b PSQ (power sequencer)
10b TA1 CCR2 output
11b Reserved

9.13.16 Comparator_E

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

9.13.17 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.

9.13.18 CRC32

The CRC32 module produces a signature based on a sequence of entered data values and can be used for data
checking purposes. The CRC32 signature is based on the ISO 3309 standard.

9.13.19 AES256 Accelerator

The AES accelerator module performs encryption and decryption of 128-bit data with 128-, 192-, or 256-bit keys
according to the Advanced Encryption Standard (AES) (FIPS PUB 197) in hardware.

9.13.20 True Random Seed

The Device Descriptor Information (TLV) section contains a 128-bit true random seed that can be used to
implement a deterministic random number generator.

9.13.21 Shared Reference (REF)

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

The LCD_C driver generates the segment and common signals required to drive a liquid crystal display (LCD).
The LCD_C controller has dedicated data memories to hold segment drive information. Common and segment
signals are generated as defined by the mode. Static, and 2-mux up to 8-mux LCDs are supported. The module
can provide an LCD voltage independent of the supply voltage with its integrated charge pump. It is possible
to control the level of the LCD voltage and thus contrast by software. The module also provides an automatic
blinking capability for individual segments in static, 2-mux, 3-mux, and 4-mux modes.

To reduce system noise the charge pump can be temporarily disabled. Table 9-23 lists the available automatic
charge pump disable options.

Table 9-23. LCD Automatic Charge Pump Disable Bits (LCDCPDISx)

CONTROL BIT DESCRIPTION
LCD charge pump disable during ADC12 conversion
LCDCPDISO Ob = LCD charge pump not automatically disabled during conversion.

1b = LCD charge pump automatically disabled during conversion.

LCDCPDIS1 to

LCDCPDIS7 No functionality

9.13.23 Embedded Emulation
9.13.23.1 Embedded Emulation Module (EEM) (S Version)

The EEM supports real-time in-system debugging. The S version of the EEM has the following features:
» Three hardware triggers or breakpoints on memory access

» One hardware trigger or breakpoint on CPU register write access

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

» One cycle counter

* Clock control on module level
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9.13.23.2 EnergyTrace++ Technology

The devices implement circuitry to support EnergyTrace++ technology. The EnergyTrace++ technology allows
you to observe information about the internal states of the microcontroller. These states include the CPU
Program Counter (PC), the ON or OFF status of the peripherals and the system clocks (regardless of the clock
source), and the low-power mode currently in use. These states can always be read by a debug tool, even when
the microcontroller sleeps in LPMx.5 modes.

The activity of the following modules can be observed:

* LEA is running.

* MPY is calculating.

* WDT is counting.

» RTC is counting.

» ADC: a sequence, sample, or conversion is active.

* REF: REFBG or REFGEN active and BG in static mode.
* COMP is on.

» AES is encrypting or decrypting.

» eUSCI_AQ is transferring (receiving or transmitting
» eUSCI_AT1 is transferring (receiving or transmitting
» eUSCI_A2 is transferring (receiving or transmitting
» eUSCI_AS is transferring (receiving or transmitting
» eUSCI_BO is transferring (receiving or transmitting
» eUSCI_B1 is transferring (receiving or transmitting
* TBOis counting.

* TAO is counting.

* TA1 is counting.

* TAZ2is counting.

* TAS3 is counting.

* TA4 is counting.

* LCD_C is running.

* USS status

data.
data.
data.
data.
data.
data.

~— — ~— ~— ~— ~—
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9.14 Input/Output Diagrams
9.14.1 Port Function Select Registers (PySEL1 , PySELO0)

Port pins are multiplexed with peripheral module functions as described in the MSP430FR58xx,
MSP430FR59xx, MSP430FR68xx, MSP430FR69xx Family User's Guide. The functions of each port pin are
controlled by its port function select registers, PySEL1 and PySELO, where y = port number. The bits in the
registers are mapped to the pins in the port. The primary module function, secondary module function, and
tertiary module function of the pins are determined by the configuration of the PySEL1.x bit and the PySELO.x
bit as shown in Table 9-24. For example, P1SEL1.0 and P1SELO.0 determine the primary module function,
secondary module function, and tertiary module function of the P1.0 pin, which is in port 1. The module functions
may also require the PxDIR bits to be configured according to the direction needed for the module function.

Table 9-24. 1/0 Function Selection
1/0 FUNCTIONS PySEL1.x(") PySELO0.x(")
General purpose I/O is selected 0 0

Primary module function is selected

Tertiary module function is selected

0 1
Secondary module function is selected 1 0
1 1

(1) y=port, x = bit

See the port pin function tables in the following sections for the configurations of the function and direction for
each pin.
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9.14.2 Port P1 (P1.0 and P1.1) Input/Output With Schmitt Trigger

Figure 9-3 shows the port diagram. Table 9-25 summarizes the selection of the pin function.

C T Padlogic |
(ADC) Reference |
e ___
I
To ADC : {>o<} i
| I
From ADC |————————————————I

| I
To Comparator i M |
| I
i I

From Comparator
CBPD.x ® ™\, r—————————————— -
ﬁ J/ | I
PXREN.x m— —| | I
) I
PxDIR.x #=—00 |/ i |
Module 1 or PxDIR.x —0 1 | DVSS 0 |
N O |
Module 2 or PxDIR.x — 10 Direction I DVCC 1 1 I
] 0: Input p
Module 3 or PxDIR.x 11 1 Output : —J I
" | |
PxOUT.x 00 | I
Module 1 or DVSS —{0 1 I
i D
Module 2 or DVSS —{1 0 | |
Module 3 or DVSS —1 1 1 ] | |
I
PXSEL1x ® 1/ . D | I
PxSELO.x = : |
PxIN.x < ® s
| ! |
| Bus I
T dul | Keeper |
0 module
selector 0 | |
| |
Lo |
Functional representation only.
Figure 9-3. Port P1 (P1.0 to P1.1) Diagram
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Table 9-25. Port P1 (P1.0 to P1.1) Pin Functions

PM CONTROL BITS AND SIGNALS()
PIN NAME (P1.x) PN 80 FUNCTION
RGC 64 PIDIRx | P1SEL1.x | P1SELO.x
0 = Input,
P1.0 (I/0) o 0 0
@
P1.0/UCA1CLK/TA1.0/A0/ . s UCA1CLK X 0 1
CO/VREF-/VeREF- TA1.CCI0A 0 1 .
TA1.0 1
A0, CO, VREF-, VeREF-@) @) X 1 1
0 = Input,
P1.1 (1/0) o 0 0
@
P1.1/UCA1STE/TA4.0/A1/ 5 . UCA1STE X 0 1
C1/VREF+\VeREF+ TA4.CCI0A 0 1 .
TA4.0 1
A1, C1, VREF+, VeREF+®@ () X 1 1

(1) X =Don't care

(2) Setting PISEL1.x and P1SELO.x disables the output driver and the input Schmitt trigger to prevent parasitic cross currents when

applying analog signals.

(3) Setting the CEPDx bit of the comparator disables the output driver and the input Schmitt trigger to prevent parasitic cross currents
when applying analog signals. Selecting the Cx input pin to the comparator multiplexer with the input select bits in the comparator
module automatically disables output driver and input buffer for that pin, regardless of the state of the associated CEPDx bit.

(4) Direction is controlled by the eUSCI_A1 module.
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9.14.3 Port P1 (P1.2 to P1.5) Input/Output With Schmitt Trigger

Figure 9-4 shows the port diagram. Table 9-26 summarizes the selection of the pin function.

:____________piﬁgi'i
I————————————————:
To ADC : {>o<} i
| I
From ADC |
MM
| I
To Comparator i M |
| I
From Comparator I |
CBPD.x ® Y\, r—————————————— -
—1 | |
PxREN.x m— —| | I
}— I
PxDIRx #—00 |/ i I
Module 1 or PxDIR.x —0 1 | DVSS 0 |
Module 2 or PXDIR.x —10 Direction | DVCC 1 1 :
] 0: Input
Module 3 or PxDIR.x 11 1 Output : —d "\ I
- — I
|
PxOUT.x -l—BL()L‘ | :
| I
Module 1 or DVSS 01 X | D
Module 2 or DVSS —1 0 i |
Module 3 or DVSS — 1 1 ] | |
I
PXSEL1.x ® 1/ ot D I I
PxSELO.x = : |
PxIN.x <« | T 7 |
| Bus I
- aul | Keeper |
0 module
selector 4 D | :
I
b o o I
Functional representation only.
Figure 9-4. Port P1 (P1.2 to P1.5) Diagram
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Table 9-26. Port P1 (P1.2 to P1.5) Pin Functions

PM CONTROL BITS AND SIGNALS(")
PIN NAME (P1.x) PN 8O | FUNCTION
PIDIRx | PASEL1x | P1SELO.x
0 = Input,
P1.2 (I0) o 0 0
3
51 2/UCATSIMOY/ N o |UCATSIMOIUCAITXD x® 0 1
UCA1TXD/TAT.0/A8/C8 N/A 0 1 .
TA1.0 1
A8, C84) () X 1 1
0 = Input,
P1.3 (I0) O= ot 0 0
@)
51 3/UCA1SOMI/ s Ly | UCATSOMIUCATRXD X 0 1
UCATRXD/TA1.1/A9/C9 N/A 0 1 .
TAT.1 1
A9, C9) ) X 1 1
0 = Input,
P1.4 (10) 02 vt 0 0
P1.4/TB0.4/UCBOSTE/ TBO.CCI4A 0 0 ’
31 25
A2/C2 T804 1
UCBOSTE X@ 1 0
A2, C24) ) ~ p
0 = Input,
P1.5(1/0) L ot 0 0
P1.5/TB0.5/UCBOCLK/ TBO.CCISA 0 0 ]
32 26
A3/C3 TBO.5 1
UCBOCLK X® 1 0
A3, C3) ) X 1 1

(1) X =Don't care

(2) Direction is controlled by the eUSCI_BO module.
(3) Direction is controlled by the eUSCI_A1 module.
(4) Setting P1SEL1.x and P1SELO.x disables the output driver and the input Schmitt trigger to prevent parasitic cross currents when

applying analog signals.

(5) Setting the CEPDXx bit of the comparator disables the output driver and the input Schmitt trigger to prevent parasitic cross currents
when applying analog signals. Selecting the Cx input pin to the comparator multiplexer with the input select bits in the comparator
module automatically disables output driver and input buffer for that pin, regardless of the state of the associated CEPDx bit.
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9.14.4 Port P1 (P1.6 to P1.7) Input/Output With Schmitt Trigger

Figure 9-5 shows the port diagram. Table 9-27 summarizes the selection of the pin function.

_______________ -
| Pad Logic |
R 1
sz | DTQ |
LCDSz I I
- q
' I
PXREN.X m— —| | |
\|
PXDIR X m—|0 0" J :
Module 1 or PxDIRXx —{0 1 | DVSS 0 |
O—
Module 2 or PxDIRX —{10 Direction | DVCC 1 1 |
Module 3 or PxDIRx —| O:lnput | 44 I
odule 3 or PxDIR.x 11 1 Output | ™~ |
! — |
PXOUT.x -l—?)koL : :
Module 1 or DVSS—|0 1 I | -
T
Module 2 or DVSS—110 | |
Module 3 or DVSS—{1 1J I |
PxSEL1.x ® 1/ D : :
PxSELO.x = | |
PxIN.x < I T s |
I Bus |
| Keeper |
To module
selector 4 D : :
- l
Functional representation only.
Figure 9-5. Port P1 (P1.6 to P1.7) Diagram
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Table 9-27. Port P1 (P1.6 to P1.7) Pin Functions
PM CONTROL BITS OR SIGNALS ()
PIN NAME (P1.x) PN 80 | RGC FUNCTION
64 P1DIR.x P1SEL1.x | P1SELO.x LCDSz
0 = Input,
P1.6(1/0) 1= Output 0 0 0
UCA3STE X@) 0 1
P1.6/UCA3STE/
UCBOSIMO/UCBOSDA/ 29 23 |UCBOSIMO/UCBOSDA X@) 1 0
LCDS17 N/A 0
1 1 0
Internally tied to DVSS 1
Sz @ X X X 1
0 = Input,
P1.7(1/0) 1= Output 0 0 0
X 1
USSTRG (independent function) 0 ] X X
P1.7/USSTRG/ 3
UCA3CLK/UCBOSOMI/ 30 24 |UCA3CLK X® 0 1
UCBOSCL/LCDS16 UCBOSOMI/UCBOSCL X@ 1 0
N/A 0
1 1 0
Internally tied to DVSS 1
Sz @ X X X 1
(1) X =Don't care
(2) Direction is controlled by the eUSCI_BO0 module.
(3) Direction is controlled by the eUSCI_A3 module.
(4) Associated LCD segment is package dependent. Refer to the pin diagrams and signal descriptions in Section 7.
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9.14.5 Port P2 (P2.0 to P2.1) Input/Output With Schmitt Trigger

Figure 9-6 shows the port diagram. Table 9-28 summarizes the selection of the pin function.

_______________ -
| Pad Logic |
b 4
sz | DTQ |
LCDSz I I
- q
' I
PXREN.X m— —| | |
|
PXDIR X m—|0 0" J :
Module 1 or PxDIRXx —{0 1 | DVSS 0 |
O—
Module 2 or PxDIRX —{10 Direction | DVCC 1 1 |
Module 3 or PxDIRx —| O:lnput | 44 I
odule 3 or PxDIR.x 11 1 Output | ~N |
! — I
PXOUT.x -l—?)koL : :
Module 1 or DVSS—|0 1 I | -
T
Module 2 or DVSS—110 | |
Module 3 or DVSS—{1 1J I |
PxSEL1.x ® 1/ D : :
PxSELO.x = | |
PxIN.x < I T s |
I Bus |
| Keeper |
To module
selector 4 D : :
- l
Functional representation only.
Figure 9-6. Port P2 (P2.0 to P2.1) Diagram
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Table 9-28. Port P2 (P2.0 to P2.1) Pin Functions
PM CONTROL BITS OR SIGNALS (1)
PIN NAME (P2.x) PN80 | RGC FUNCTION
64 P2DIR.x | P2SEL1.x | P2SEL0.x LCDSz
0 = Input,
P2.0(1/0) 1= Output 0 0 0
UCA1CLK X@ 0 1
P2.0/UCA1CLK/
UCA3SIMO/UCA3TXD/ 27 21 |UCA3SIMO/UCA3TXD X® 1 0
LCDS19 N/A 0
1 1 0
Internally tied to DVSS 1
Sz @ X X X 1
0 = Input,
P2.1(l/0) 1= Output 0 0 0
UCA1STE X@ 0 1
P2.1/UCA1STE/
UCA3SOMI/UCA3RXD/ 30 24 |UCA3SOMI/UCA3RXD X@) 1 0
LCDS18 N/A 0
1 1 0
Internally tied to DVSS 1
Sz @ X X X 1

(1) X =Don't care

(2) Direction is controlled by the eUSCI_A1 module.

(3) Direction is controlled by the eUSCI_A3 module.

(4) Associated LCD segment is package dependent. Refer to the pin diagrams and signal descriptions in Section 7.
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9.14.6 Port P2 (P2.2 to P2.3) Input/Output With Schmitt Trigger

Figure 9-7 shows the port diagram. Table 9-29 summarizes the selection of the pin function.

:____________piﬁgi'i
I————————————————:
To ADC : {>o<} i
| I
From ADC |
MM
| I
To Comparator i M |
| I
From Comparator I |
CBPD.x ® Y\, r—————————————— -
—1 | |
PxREN.x m— —| | I
}— I
PxDIRx #—00 |/ i I
Module 1 or PxDIR.x —0 1 | DVSS 0 |
Module 2 or PXDIR.x —10 Direction | DVCC 1 1 :
] 0: Input
Module 3 or PxDIR.x 11 1 Output : —d "\ I
- — I
|
PxOUT.x -l—BL()L‘ | :
| I
Module 1 or DVSS 01 X | D
Module 2 or DVSS —1 0 i |
Module 3 or DVSS — 1 1 ] | |
I
PXSEL1.x ® 1/ ot D I I
PxSELO.x = : |
PxIN.x <« | T 7 |
| Bus I
- aul | Keeper |
0 module
selector 4 D | :
I
b o o I
Functional representation only.
Figure 9-7. Port P2 (P2.2 to P2.3) Diagram
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Table 9-29. Port P2 (P2.2 to P2.3) Pin Functions

PM RGC CONTROL BITS AND SIGNALS(")
PIN NAME (P2.x) PN 80 FUNCTION
64 P2DIRx | P2SEL1.x | P2SELO.x
0 = Input,
P2.2 (1/0) o 0 0
P2.2/COUT/UCAOCLK/ ) A 0 0 1
A14/C14 couT 1
UCAOCLK X® 1 0
A14, C140) @) X 1 1
0 = Input,
P2.3(/0) o 0 0
P2.3/TA0.0/UCAOSTE/ s _ [ThoceloA 0 0 1
A15/C15 TA0.0 1
UCAOSTE x® 1 0
A15, C150) @) X 1

(1) X =Don't care

(2) Direction is controlled by the eUSCI_AO module.
(3) Setting P2SEL1.x and P2SELO0.x disables the output driver and the input Schmitt trigger to prevent parasitic cross currents when

applying analog signals.

(4) Setting the CEPDx bit of the comparator disables the output driver and the input Schmitt trigger to prevent parasitic cross currents
when applying analog signals. Selecting the Cx input pin to the comparator multiplexer with the input select bits in the comparator
module automatically disables output driver and input buffer for that pin, regardless of the state of the associated CEPDx bit.
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9.14.7 Port P2 (P2.4 to P2.5) Input/Output With Schmitt Trigger

Figure 9-8 shows the port diagram. Table 9-30 summarizes the selection of the pin function.

_______________ -
| Pad Logic |
b 4
sz | DTQ |
LCDSz I I
- q
' I
PXREN.X m— —| | |
|
PXDIR X m—|0 0" J :
Module 1 or PxDIRXx —{0 1 | DVSS 0 |
O—
Module 2 or PxDIRX —{10 Direction | DVCC 1 1 |
Module 3 or PxDIRx —| O:lnput | 44 I
odule 3 or PxDIR.x 11 1 Output | ~N |
! — I
PXOUT.x -l—?)koL : :
Module 1 or DVSS—|0 1 I | -
T
Module 2 or DVSS—110 | |
Module 3 or DVSS—{1 1J I |
PxSEL1.x ® 1/ D : :
PxSELO.x = | |
PxIN.x < I T s |
I Bus |
| Keeper |
To module
selector 4 D : :
- l
Functional representation only.
Figure 9-8. Port P2 (P2.4 to P2.5) Diagram
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Table 9-30. Port P2 (P2.4 to P2.5) Pin Functions
PM CONTROL BITS OR SIGNALS ()
PIN NAME (P2.x) PN 80 FUNCTION
RGC 64 P2DIR.x | P2SEL1.x | P2SELO.x | LCDSz
P2.4 (1/0) 10:(')”33& 0 0 0
TAOCLK 0
0 1 0
Internally tied to DVSS 1
P2.4/TAOCLK/TBOCLK/ 12 _ TBOCLK 0
TA1CLK/LCDS24 1 0 0
Internally tied to DVSS 1
TA1CLK 0
1 1 0
Internally tied to DVSS 1
Sz @ X X X 1
P2.5 (1/0) 10:(')”33& 0 0 0
N/A 0
0 1 0
TAO0.2 1
P2.5/TA0.2/TA4.0/ LCDS21 | 23 - |TA4.CClOB 0 ] 0 0
TA4.0 1
N/A 0
1 1 0
Internally tied to DVSS 1
Sz @ X X X 1

(1) X =Don't care
(2) Associated LCD segment is package dependent. Refer to the pin diagrams and signal descriptions in Section 7.
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9.14.8 Port P2 (P2.6 to P2.7) Input/Output With Schmitt Trigger

Figure 9-9 shows the port diagram. Table 9-31 summarizes the selection of the pin function.

_______________ -
| Pad Logic |
—————— e -
s | P> |
LCDSz I I
- q
| |
PXREN.X m— —| | |
\
PXDIR X m—|0 0" J :
Module 1 or PxDIRXx —{0 1 | DVSS 0 |
| O
Module 2 or PxDIRXx —{1 0 Direction | DVCC 1 1 I
c tor COUT 0: Input +d |
omparator 11 1 Output | N\ |
! — I
PXOUTx -l—?)koL : :
Module 1 or DVSS—|0 1 I | -
T
Module 2 or DVSS—110 | |
Module 3 or DVSS—{1 1J I |
PxSEL1.x ® 1/ D : :
PxSELO.x = | |
PxIN.x < I T s |
I Bus |
T dul | Keeper |
0 module
selector < b | |
| I
- ___ 1
Functional representation only.
Figure 9-9. Port P2 (P2.6 to P2.7) Diagram
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Table 9-31. Port P2 (P2.6 to P2.7) Pin Functions

PM CONTROL BITS OR SIGNALS ()
PIN NAME (P2.x) PN 80 FUNCTION
RGC 64 P2DIR.x | P2SEL1.x | P2SELO.x | LCDSz
0 = Input,
P2.6 (I/0) 1 = Output 0 0 0
UCAO0SIMO/UCAOTXD X 0 1 0
P2.6/UCA0SIMO/
UCAOTXD/TA1.2/TA1.2C/ 13 - |TA1.CCI2A 0 ] 0 0
LCDS23 TA1.2 1
TA1.2C X@) 1 1 0
Sz @ X X X
0 = Input,
P2.7 (/0) 1 = Output 0 0 0
UCAOSOMI/UCAORXD X@ 0 1 0
P2.7/UCAOSOMI/
UCAORXD/TA4.1/TA4.1C/ 14 - |TA4.CCIB 0 ] 0 0
LCDS22 TA4.1 1
TA4.1C X@) 1 1 0
Sz @) X X X 1

(1) X =Don't care

(2) Direction is controlled by the eUSCI_AO module.
(3) Direction / HiZ controlled by comparator output COUT.
(4) Associated LCD segment is package dependent. Refer to the pin diagrams and signal descriptions in Section 7.
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9.14.9 Port P3 (P3.0) Input/Output With Schmitt Trigger

Figure 9-10 shows the port diagram. Table 9-32 summarizes the selection of the pin function.

_______________ -
| Pad Logic |
—————— e -
Sz : :
LCDSz I I
- 9
| |
PXREN.x ® | I |
|
PXDIR X m—|0 0" J :
Module 1 or PXDIRXx —]01 | DVSS 0 |
O—
Module 2 or PXDIRx —1 0 Direction : DVCC 1 1 |
Module 3 or PxDIRX —| 0: Input —d \ |
11 1: Output | |
1 ’ |
PxOUT.x -L 00 : :
Module 1 or DVSS—0 1 I | o
T
Module 2 or DVSS—110 | |
Module 3 or DVSS—{ 1 1) | |
I
PXSEL1.x -—f—D I :
PxSELO.x = | |
PxIN.x < I T s |
I Bus |
| Keeper |
To module
selector <] D I I
| |
- l
Functional representation only.
Figure 9-10. Port P3 (P3.0) Diagram
Table 9-32. Port P3 (P3.0) Pin Functions
PM CONTROL BITS OR SIGNALS (V)
PIN NAME (P3.x) PN 80 FUNCTION
RGC 64 P3DIR.x | P3SEL1.x | P3SELO.x | LCDSz
P3.0 (1/0) 10:(')”u‘;;fjt 0 0 0
N/A 0
0 1 0
Internally tied to DVSS 1
P3.0/TB0.0/LCDS20 24 - |TBO.CCIOA 0 1 0 0
TBO0.0 1
N/A 0
1 1 0
Internally tied to DVSS 1
Sz®@ X X X 1
(1) X =Don'tcare
(2) Associated LCD segment is package dependent. Refer to the pin diagrams and signal descriptions in Section 7.
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9.14.10 Port P3 (P3.1) Input/Output With Schmitt Trigger

Figure 9-11 shows the port diagram. Table 9-33 summarizes the selection of the pin function.

ACTIVATE
MTIF_PIN_EN

From MTIF
PXREN.x =

PxDIR.x m——{
Module 1 or PxDIR.x —]
Module 2 or PxDIR.x —]
Module 3 or PxDIR.x —]

o o

N
—

/

PxOUT.x I—L

Module 1 or DVSS —
Module 2 or DVSS —
Module 3 or DVSS —

o o
-

1

>

ol

7

N
o

PxSEL1.x ®
PxSELO.x =

PxIN.x <

To module
selector

ToMTIF ¢

Functional representation only.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Pad Logic :
I TPOE

| I
B |
| I
0— 1 |
L 0 |
—d |
DVSS I
o O I

Direction DVCC 1
0: Input 1— 1 I
1: Output I
ra i
I
I
1 I

-

Bus

Keeper

Figure 9-11. Port P3 (P3.1) Diagram
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Table 9-33. Port P3 (P3.1) Pin Functions

CONTROL BITS OR SIGNALS (")

PIN NAME A e
PN 80 | RGC FUNCTION ignal on
(P3x) 64 P3DIRx | OSEL1 | PISELO-frpop ) | tpiee) | ACTIYATE [umiF_pin_e
N pin®
0 = Input,
P3.1 (1/0) 1=0utp| 0 0 0 0 X X
ut
TA1CLK
Internally tied to 0 1 0 0 X X
DVSS
TBO.CCIA
1 0 0 0 X X
P3.1/TA1CLK/ TBO.1
TBO.1/ 33 | 27
MTIF_OUT_IN N/A
Internally tied to 1 1 1 0 0 X X
DVSS
MTIF_IN X X X 0 1 X X
MTIF_OUT® X X X 1 X 0 X
Internally tied to
Dvesa) X X X 1 X 1 0
MTIF_OUT® X X X 1 X 1 1
(1) X =Don't care

(2) See MTIF.TPCTL register
(3) When P3.1 pin is configured as MTIF_PIN_EN (see Section 9.13.6 for details)
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9.14.11 Port P3 (P3.2) Input/Output With Schmitt Trigger

Figure 9-12 shows the port diagram. Table 9-34 summarizes the selection of the pin function.

r__________ﬁﬁ@ij

I————————————————:

sz | >0 i
LCDSz R I |
) - ____

| I
COMX i {>o<} |
| I
i I

PXREN.Xx m— —| _\
PxDIR.x =——00 |/
module 1 or PxDIR.x —0 1 DVSS 0
O—
module 2 or PxDIR.x —{10 Direction DVCC 1 1
] 0: Input p
module 3 or PxDIR.x 11 1- Output —C \ §

PxOUT.x ll—

module 1 or DVSS—
module 2 or DVSS—1 0
module 3 or DVSS— 1 1

PXSEL1.x = 1/ ® D
PxSELO.x =

i

PxIN.x < ® s
!
Bus
T aul Keeper
0 module
selector 4 D

§

Functional representation only.

Figure 9-12. Port P3 (P3.2) Diagram
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Table 9-34. Port P3 (P3.2) Pin Functions

CONTROL BITS OR SIGNALS ()

PIN NAME (P3.x) pngo | PM FUNCTION
RGC 64 P3DIR.x | P3SEL1.x | P3SELO.x | LCDSz
0 = Input,
P3.2 (I/0) 1 = Output 0 0 0
TA1.CCIA 0
0 1 0
TA1.1 1
P3.2/TA1.1/COMS5/ 63 _ DMAEO 0
LCDS28 1 0 0
Internally tied to DVSS 1
COM52) 1 1 X
X 0
Sz 3 X 1
0

(1) X =Don't care

(2) Setting P6SEL1.x and P6SELO.x disables the output driver and the input Schmitt trigger to prevent parasitic cross currents when

applying analog signals.

(3) Associated LCD segment is package dependent. Refer to the pin diagrams and signal descriptions in Section 7.
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9.14.12 Port P3 (P3.3) Input/Output With Schmitt Trigger

Figure 9-13 shows the port diagram. Table 9-35 summarizes the selection of the pin function.

| Pad Logic |
|
______________ JI
sz | {>o<} i
|
LCDSz \ ! I
| Fm————————————— 1
From USS_A : {>o<} |
|
From USS_A l |
' |
|
T\ e e 4
"—L/ I :
PXREN.x m—
Y B N |
PxDIRx #—100 J : |
Module 1 or PxDIR.x —0 1 | DVSS 0 |
Module 2 or PxDIR.x — 10 Direction | DvCC 1 1 :
0: Input
Module 3 or PXDIR.x — 1 1 1: Output : [ e N |
N — |
| § |
PxOUT.x -l—BJ\oL | |
Module 1 or DVSS—0 1 ! | D
Module 2 or DVSS—1 o i | |
Module 3 or DVSS—] 1 1 |
il | |
PXSEL1x m—e : D | |
PxSELO.x ® l |
PxIN.x < : T /e |
|
| Bus
| Keeper :
To module
selector 4 D | |
' |

Functional representation only.

Figure 9-13. Port P3 (P3.3) Diagram
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Table 9-35. Port P3 (P3.3) Pin Functions

PM CONTROL BITS OR SIGNALS ()
PIN NAME (P3.x) PN 80 FUNCTION
RGC 64 P3DIR.x | P3SEL1.x | P3SELO.x | LCDSz
0 = Input,
P3.4 (1/0) 1 = Output 0 0 0
N/A 0
0 1 0
MCLK 1
P3.3/MCLK/TBO0.3/XPB1/ 64 50 |TBO.CCI3B 0
LCDS25 1 0 0
TBO0.3 1
XPB1 X@ X X X
X 0
Sz () X 1
0 X

(1) X =Don't care

(2) XPB1 enable disables digital and LCD functions on this pin implicitly
(3) Associated LCD segment is package dependent. Refer to the pin diagrams and signal descriptions in Section 7.
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9.14.13 Port P3 (P3.4 to P3.5) Input/Output With Schmitt Trigger

Figure 9-14 shows the port diagram. Table 9-36 summarizes the selection of the pin function.

r__________ﬁﬁ@ij

I————————————————:

sz | >0 i
LCDSz R I |
) - ____

| I
COMX i {>o<} |
| I
i I

PXREN.Xx m— —| _\
PxDIR.x =——00 |/
module 1 or PxDIR.x —0 1 DVSS 0
O—
module 2 or PxDIR.x —{10 Direction DVCC 1 1
] 0: Input p
module 3 or PxDIR.x 11 1- Output —C \ §

PxOUT.x ll—

module 1 or DVSS—
module 2 or DVSS—1 0
module 3 or DVSS— 1 1

PXSEL1.x = 1/ ® D
PxSELO.x =

i

PxIN.x < ® s
!
Bus
T aul Keeper
0 module
selector 4 D

§

Functional representation only.

Figure 9-14. Port P3 (P3.4 to P3.5) Diagram
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Table 9-36. Port P3 (P3.4 to P3.5) Pin Functions
PM CONTROL BITS OR SIGNALS ()
PIN NAME (P3.x) PN 80 FUNCTION
RGC 64 P3DIRx | P3SEL1.x | P3SELO.x | LCDSz
P3.4 (1/0) 10:(')”33& 0 0 0
N/A 0
0 1 0
SMCLK 1
P3.4/SMCLK/DMAEO/ 65 51 DMAEOQ 0
COM®6/LCDS27 1 0 0
Internally tied to DVSS 1
COM6 1 1 X
X 0
Sz X 1
0 X
P3.5 (1/0) 10:(')”33& 0 0 0
N/A 0
0 1 0
ACLK 1
P3.5/ACLK/COUT/ COM3/ 66 50 |N/A 0
LCDS26 1 0 0
COouT 1
COM3 X 1 1 X
X 0
Sz @ X 1
0 X
(1) X =Don't care
(2) Associated LCD segment is package dependent. Refer to the pin diagrams and signal descriptions in Section 7.
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9.14.14 Port P3 (P3.6 to P3.7) Input/Output With Schmitt Trigger

Figure 9-15 shows the port diagram. Table 9-37 summarizes the selection of the pin function.

_______________ -
| Pad Logic |
—————— e -
s | 0 |
LCDSz I I
- 9
' I
PXREN.X m— | |
B N\
PXDIR X ®—0 DY J :
Module 1 or PxDIRx —101 | DVSS 0 |
Module 2 or PxDIRX —{10 Direction | DVCC 1 1 |
Module 3 or PxDIR.x —11 4 ? I(gLFJ)tu;:ut : g N\ |
: ) |
! |
PXOUT.x -l—?)koL : :
Module 1 or DVSS—|0 1 I | -
Module 2 or DVSS—110 | |
Module 3 or DVSS—{1 1J I |
PxSEL1.x ® 1/ D : :
PxSELO.x = | |
PxIN.x < I T s |
I Bus |
| Keeper |
To module
selector 4 D : :
- l
Functional representation only.
Figure 9-15. Port P3 (P3.6 to P3.7) Diagram
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Table 9-37. Port P3 (P3.6 to P3.7) Pin Functions
PM CONTROL BITS OR SIGNALS ()
PIN NAME (P3.x) PN 80 FUNCTION
RGC 64 P3DIR.x | P3SEL1.x | P3SELO.x | LCDSz
0 = Input,

P3.6 (1/0) 1 = Output 0 0 0

UCB1SIMO/UCB1SDA X@) 0 1 0
P3.6/UCB1SIMO/ TB0.CCI6B 0
UCB1SDA/TBO.6/ 75 - 7806 ] 1 0 0
USSXT_BOUT/LCDS35 :

N/A 0

1 1 0
USSXT_BOUT 1
Sz @) X X X 1
0 = Input,

P3.7 (1/0) 1 = Output 0 0 0

UCB1SOMI/UCB1SCL X@) 0 1 0
P3.7/UCB1SOMI/ TB0.CCI2A 0 . 0 0
UCB1SCL/TB0.2/ 76 -
TBOOUTH/LCDS36 TB0.2 !

TBOOUTH 0

1 1 0
Internally tied to DVSS 1
Sz @) X X X 1

(1) X =Don'tcare
(2) Direction is controlled by the eUSCI_B1 module.
(3) Associated LCD segment is package dependent. Refer to the pin diagrams and signal descriptions in Section 7.
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9.14.15 Port P4 (P4.0) Input/Output With Schmitt Trigger

Figure 9-16 shows the port diagram. Table 9-38 summarizes the selection of the pin function.

| Pad Logic :
| ACTIVATE |
I
| I
I I
0— 1 |
PXREN.X = |
— Db '
R —C
PxDIRx #—]0 O | |
| DVSS I
Module 1 or PxDIR.x ——01 | O O— |
Direction DVCC 1
Module 2 or PxDIR.x —10 0: Input | 0— 1 |
Module 3 or PxDIRx ——11 1: Output | (ﬂ |
I » I
L I |
PxOUTx 00 | |
Module 1 or DVSS —0 1 I |
Module 2 or DVSS —{10 I |
Module 3 or DVSS —1 1) | |
PxSEL1.x ® 1/ D | :
PXSELO.x ® I
PxIN.x < | ( o |
. | \ T T vl :
To modul : o |
0 module Keeper
selector 4 D | P |
MTIF_PIN_EN | |
b o e il

Functional representation only.

Figure 9-16. Port P4 (P4.0) Diagram

Table 9-38. Port P4 (P4.0) Pin Functions

PM CONTROL BITS OR SIGNALS("
PIN NAME (P4.x) PN 80 FUNCTION
RGC 64 P4DIR.x | P4SEL1.x | P4SELO.x |ACTIVATE®
0 = Input,
P4.0(1/0) 1 = Output 0 0 0
N/A 0
0 1 0
Internally tied to DVSS 1
P4.0/RTCCLK/TA4.1/ 34 28 N/A 0
MTIF_PIN_EN 1 0 0
- RTCCLK 1
N/A 0
1 1 0
TA4.1 1
MTIF_PIN_EN X X X 1
(1) X =Don't care
(2) See MTIF.TPCTL register
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9.14.16 Port P4 (P4.1 to P4.7) Input/Output With Schmitt Trigger

Figure 9-17 shows the port diagram. Table 9-39 summarizes the selection of the pin function.

_______________ -
| Pad Logic |
b 4
sz | DTQ |
LCDSz I I
- q
' I
PXREN.X m— —| | |
\|
PXDIR X m—|0 0" J :
Module 1 or PxDIRXx —{0 1 | DVSS 0 |
0—
Module 2 or PxDIRX —{10 Direction | DVCC 1 1 |
Module 3 or PxDIRx —| O:lnput | 44 I
odule 3 or PxDIR.x 11 1 Output | ™~ |
! — |
PXOUT.x -l—?)koL : :
Module 1 or DVSS—|0 1 I | -
T
Module 2 or DVSS—110 | |
Module 3 or DVSS—{1 1J I |
PxSEL1.x ® 1/ D : :
PxSELO.x = | |
PxIN.x < I T s |
I Bus |
| Keeper |
To module
selector 4 D : :
- l
Functional representation only.
Figure 9-17. Port P4 (P4.1 to P4.7) Diagram
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Table 9-39. Port P4 (P4.1 to P4.7) Pin Functions

CONTROL BITS OR SIGNALS ()

PIN NAME (P4.x) pngo | PM FUNCTION
RGC 64 P4DIR.x | P4SEL1.x | P4SELO.x | LCDSz
0 = Input,
P4.1 (1/0) 1 = Output 0 0 0
UCAOCLK X@ 0 1 0
P4.1/UCAOCLK/TBO.4/
UCA3SOMI/UCA3RXD/ 35 29 |TBO.CCI4B 0 ] 0 0
LCDS15 TBO.4 1
UCA3SOMI/UCA3RXD X® 1 1 0
Sz @ X X X
0 = Input,
P4.2 (1/0) 1 = Output 0 0 0
UCAOSTE X@ 0 1 0
P4.2/UCAOSTE/TBO.5/
UCA3SIMO/UCA3TXD/ 36 30 |TB0.CCISB 0 ; 0 0
LCDS14 TBO.5 1
UCA3SIMO/UCA3TXD X® 1 1 0
Sz @ X X X 1
0 = Input,
P4.3 (1/0) 1 = Output 0 0 0
UCAOSIMO/UCAOTXD X@) 0 1 0
P4.3/UCA0SIMO/ . s VA 0 ] 0 0
UCAOTXD/LCDS13 Internally tied to DVSS 1
N/A 0
1 1 0
Internally tied to DVSS 1
Sz @ X X X 1
0 = Input,
P4.4 (1/0) 1 = Output 0 0 0
UCAOSOMI/UCAORXD X@ 0 1 0
P4.4/UCAOSOMI/ 28 VA 0 ] 0 0
UCAORXD/LCDS12 Internally tied to DVSS 1
N/A 0
1 1 0
Internally tied to DVSS 1
Sz @ X X X 1
0 = Input,
P4.5 (I/0) 1 = Output 0 0 0
TAOCLK 0
0 1 0
Internally tied to DVSS 1
P4.5/TAOLCK/TA1CLK/ 39 _ [TatCLK 0
LCDS11 1 0 0
Internally tied to DVSS 1
N/A 0
1 1 0
Internally tied to DVSS 1
Sz @ X X X 1
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Table 9-39. Port P4 (P4.1 to P4.7) Pin Functions (continued)

CONTROL BITS OR SIGNALS ()

PIN NAME (P4.x) pngo | PM FUNCTION
RGC 64 P4DIR.x | P4SEL1.x | P4SELO.x | LCDSz
0 = Input,
P4.6 (1/0) 1= Output 0 0 0
TBOCLK 0
0 1 0
Internally tied to DVSS 1
P4.6/TBOCLK/TA4CLK/ 40 _ |1adcLk 0
LCDS10 1 0 0
Internally tied to DVSS 1
N/A 0
1 1 0
Internally tied to DVSS 1
Sz @) X X X 1
0 = Input,
P4.7 (1/0) 1= Output 0 0 0
N/A 0
0 1 0
Internally tied to DVSS 1
P4.7/DMAEQ/LCDS9 42 - |DMAEO 0 1 0 0
Internally tied to DVSS 1
N/A 0
1 1 0
Internally tied to DVSS 1
Sz @) X X X 1

(1) X =Don't care

(2) Direction is controlled by the eUSCI_AO module.
(3) Direction is controlled by the eUSCI_A3 module.
(4) Associated LCD segment is package dependent. Refer to the pin diagrams and signal descriptions in Section 7.
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9.14.17 Port P5 (P5.0 to P5.7) Input/Output With Schmitt Trigger

Figure 9-18 shows the port diagram. Table 9-40 summarizes the selection of the pin function.

_______________ -
| Pad Logic |
—————— e -
s | 0 |
LCDSz I I
- 9
' I
PXREN.X m— | |
B N\
PXDIR X ®—0 DY J :
Module 1 or PxDIRx —101 | DVSS 0 |
Module 2 or PxDIRX —{10 Direction | DVCC 1 1 |
Module 3 or PxDIR.x —11 4 ? I(gLFJ)tu;:ut : g N\ |
: ) |
! |
PXOUT.x -l—?)koL : :
Module 1 or DVSS—|0 1 I | -
Module 2 or DVSS—110 | |
Module 3 or DVSS—{1 1J I |
PxSEL1.x ® 1/ D : :
PxSELO.x = | |
PxIN.x < I T s |
I Bus |
| Keeper |
To module
selector 4 D : :
- l
Functional representation only.
Figure 9-18. Port P5 (P5.0 to P5.7) Diagram
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Table 9-40. Port P5 (P5.0 to P5.7) Pin Functions

CONTROL BITS OR SIGNALS ()

PIN NAME (P5.x) PN8O | PV FUNCTION
PSDIRx | P5SEL1x | P5SELO.x | LCDSz
0 = Input,
P5.0 (1/0) O = oueit 0 0 0
TB0.CCIOB 0
0 1 0
P5.0/TB0.0/UCA2SIMO/ 43 o TB0.0 !
UCA2TXD/LCDS8 UCA2SIMO/UCA2TXD X@) 1 0 0
N/A 0
1 1 0
Internally tied to DVSS 1
Sz 0 X X X 1
0 = Input,
P5.1 (1/0) O = oueit 0 0 0
N/A 0
0 1 0
P5.1/TB0.1/UCA2SOMI/ " - TED.1 !
UCA2RXD/LCDS7 UCA2SOMI/UCA2RXD X@) 1 0 0
N/A 0
1 1 0
Internally tied to DVSS 1
Sz 0 X X X 1
0 = Input,
P5.2 (1/0) b 0 0 0
N/A 0
0 1 0
P5.2/TB0.2/UCA2CLK/ 45 26 TBO.2 !
LCDS6 UCA2CLK X@) 1 0 0
N/A 0
1 1 0
Internally tied to DVSS 1
Sz 0 X X X 1
0 = Input,
P5.3 (1/0) O ot 0 0 0
TBO.CCI3A 0
0 1 0
P5.3/TB0.3/UCA2STE/ 4 . TB0.3 !
LCDS5 UCA2STE X@ 1 0 0
N/A 0
1 1 0
Internally tied to DVSS 1
520 X X X 1
0 = Input,
P5.4 (1/0) O ot 0 0 0
TA0.CCIOB 0
0 1 0
P5.4/TAQ.0/UCB1CLK/ 47 28 TA0.0 !
TA4.0/LCDS4 UCB1CLK X@ 1 0 0
N/A 0
1 1 0
TA4.0 1
520 X X X 1
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Table 9-40. Port P5 (P5.0 to P5.7) Pin Functions (continued)
PM CONTROL BITS OR SIGNALS ()
PIN NAME (P5.x) PN 80 FUNCTION
RGC 64 P5DIR.x | P5SEL1.x | P5SELO.x | LCDSz
0 = Input,
P5.5 (1/0) 1= Output 0 0 0
TA4.CCHA 0
0 1 0
P5.5/TA4.1/UCB1SIMO/ " 2 TA41 !
UCB1SDA/LCDS3 UCB1SIMO/UCB1SDA X@) 1 0 0
N/A 0
1 1 0
Internally tied to DVSS 1
Sz @) X X X 1
0 = Input,
P5.6 (1/0) 1= Output 0 0 0
TBOOUTH 0 0 1 0
P5.6/TBOOUTH/ Internally tied to DVSS 1
UCB1SOMI/UCB1SCL/ 49 40 | ;CB1SOMIUCBISCL <@ p 0 0
LCDS2
N/A 0
1 1 0
Internally tied to DVSS 1
Sz @) X X X 1
0 = Input,
P5.7 (1/0) 1= Output 0 0 0
TAO0.CCI2A 0
0 1 0
P5.7/TA0.2/UCBASTE/ 42 I !
LCDS1 UCB1STE X@) 1 0 0
N/A 0
1 1 0
Internally tied to DVSS 1
Sz @) X X X 1

(1) X =Don't care

(2) Direction is controlled by the eUSCI_A2 module.

(3) Associated LCD segment is package dependent. Refer to the pin diagrams and signal descriptions in Section 7.
(4) Direction is controlled by the eUSCI_B1 module.
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9.14.18 Port P6 (P6.0) Input/Output With Schmitt Trigger

Figure 9-19 shows the port diagram. Table 9-41 summarizes the selection of the pin function.

T T T T Pad Logic ';
' |
Sz } |
' |
LCDSz -
| |
PXREN.x ® | : |
} |
PxDIR.x #—0 0 J I
module 1 or PxDIRx —01 [ DVSS 0 |
» | O—
module 2 or PxDIR.x —{1 0 Direction | DVCC 1 1 |
module 3 or PxDIRx —| 0: Input [ Se ~N |
11 1: Output | |
i |/ ,
|
PxOUT.x IL 00 | :
module 1 or DVSS—0 1 I | Q
module 2 or DVSS—10 : |
module 3 or DVSS—{ 1 1 I |
PXSEL1.x ® 1/ D | :
PxSELO.x ® I |
PxIN.x < | ! T I
|
| Bus |
| Keeper |
To modules < D | |
G I
Functional representation only.
Figure 9-19. Port P6 (P6.0) Diagram
Table 9-41. Port P6 (P6.0) Pin Functions
PM CONTROL BITS OR SIGNALS ()
PIN NAME (P6.x) PN 80 FUNCTION
RGC 64 P6DIR.x | P6SEL1.x | P6SELO.x | LCDSz
P6.0 (1/0) 105 g‘u’i";ﬂt 0 0 0
TAOCLK 0
0 1 0
Internally tied to DVSS 1
P6.0/TAOCLK/COUT/ 51 41 |NA 0
LCDSO0 1 0 0
CcouTt 1
N/A 0
1 1 0
Internally tied to DVSS 1
Sz @ X X X 1
(1) X =Don't care
(2) Associated LCD segment is package dependent. Refer to the pin diagrams and signal descriptions in Section 7.
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9.14.19 Port P6 (P6.1 to P6.2) Input/Output With Schmitt Trigger

Figure 9-20 shows the port diagram. Table 9-42 summarizes the selection of the pin function.

r__________ﬁﬁ@ij

e— e ___

| !

sz | >o<] ,
LCDSz | \ | l
) - _ _ _ _ ____ ______1

| |
To/From LCD ; {>o<} |
| |
| |

PXREN.x m— —|
PxDIR.x =——00 |/
Module 1 or PxDIR.x —0 1 DVSS 0
O—
Module 2 or PxDIR.x —{1 0 Direction DVCC 1 1
| 0: Input p
Module 3 or PxDIR.x 11 1- Output —( \ §

PxOUT.x ll—

Module 1 or DVSS—]
Module 2 or DVSS—1 0
Module 3 or DVSS— 1 1

PXSEL1.x ® 1/ ° D
PxSELO.x =

(i

PxIN.x < T s
Bus
Keeper
To module
D
selector 4

§

Functional representation only.

Figure 9-20. Port P6 (P6.1 to P6.2) Diagram
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Table 9-42. Port P6 (P6.1 to P6.2) Pin Functions

CONTROL BITS OR SIGNALS(")

PIN NAME (P6.x) pngo | PM FUNCTION
RGC 64 P6DIR.x | P6SEL1.x | P6SELO.x | LCDSz
0 = Input,
P6.1 (1/0) 1= Output 0 0 0
N/A 0
0 1 0
RTCCLK 1
P6.1/RTCCLK/RO03/ 56 _Ina 0
LCDS33 1 0 0
Internally tied to DVSS 1
R0O3 @ X 1 1 X
X 0
Sz @) X 1
0 X
0 = Input,
P6.2 (1/0) 1= Output 0 0 0
TBOCLK 0
0 1 0
Internally tied to DVSS 1
P6.2/TBOCLK/R13/ 57 47 |NA 0
LCDREF/LCDS32 1 0 0
Internally tied to DVSS 1
R13/LCDREF @ X 1 1 X
X 0
Sz @) X 1
0 X

(M
@

(©)

X =Don't care

Setting P6SEL1.x and P6SELO0.x disables the output driver and the input Schmitt trigger to prevent parasitic cross currents when

applying analog signals.

Associated LCD segment is package dependent. Refer to the pin diagrams and signal descriptions in Section 7.
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9.14.20 Port P6 (P6.3) Input/Output With Schmitt Trigger

Figure 9-21 shows the port diagram. Table 9-43 summarizes the selection of the pin function.

:____________PJSQE]
|________________:
R23 I {>o<} i
| |
I———————————————-I
|
cons i P ———
| |
| 1
3 |
|
PXREN.x ® |
L |
i |
PxDIR.x =——00 —( J | |
Module 1 or PxXDIR.x —|0 1 | DVSS 0 |
] O |
DVSS 10 Direction I DvCC 1 1 |
DVSS —|11 0: Input |
1: Output | |
' |
o | |
PxOUT.x 00 | |
Module 1 or DVSS— |
odule 1 or DVSS 01 ! | D
DVSS—{10 | |
DVSS—1 1 ] i |
|
PxSEL1.x ® 1/ . It D : |
PxSELO.x = | |
PxIN.x <« | T e |
EN | Bus |
T dul | Keeper |
O module
selector <] D | :
|
.- |
Functional representation only.
Figure 9-21. Port P6 (P6.3) Diagram
Table 9-43. Port P6 (P6.3) Pin Functions
PM CONTROL BITS OR SIGNALS ()
PIN NAME (P6.x) PN 80 FUNCTION
RGC 64 P6DIR.x | P6SEL1.x | P6SEL0.x
0 = Input,
P6.3 (1/0) 1e Ouﬁput 0 0
N/A 0 o .
P6.3/COM7/R23 60 ~  |Internally tied to DVSS 1
com7@ X 1 0
R23@) X 1 1

(1)
@)

X =Don't care

Setting P6SEL1.x and P6SELO.x disables the output driver and the input Schmitt trigger to prevent parasitic cross currents when
applying analog signals.
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9.14.21 Port P6 (P6.4) Input/Output With Schmitt Trigger

Figure 9-22 shows the port diagram. Table 9-44 summarizes the selection of the pin function.

_______________ -
: Pad Logic |
I
- y
I
To/From LCD | :
' |
_______________ i
| I
PXREN.X m— _| | :
PXDIRX #—]00) J I
Module 1 or PxDIR.x —{0 1 : DVSS 0 I
Module 2 or PxDIR.x —{1 0 Direction | DVCC 1 1 :
| 0: Input
Module 3 or PxDIR.x 11 1: Output | o—d  \ |
! __J/ |
' I
PxOUT.x -l—?)\oL | |
Module 1 or DVSS —0 1 | |
Module 2 or DVSS —J1 0 I | N
Module 3 or DVSS —{1 1 ] : :
PXSEL1x ® { ° D | |
PxSELO.x ® | |
PxINx < | ? e |
| |
| Bus |
T dul | Keeper |
0 module
selector <0 | |
I
Ce
Functional representation only.
Figure 9-22. Port P6 (P6.4) Diagram
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Table 9-44. Port P6 (P6.4) Pin Functions

PM RGC CONTROL BITS OR SIGNALS ()
PIN NAME (P6.x) PN 80 FUNCTION
64 P6DIR.x P6SEL1.x P6SELO0.x
P6.4 (1/0) 10:(')”uﬁgf;t 0 0
N/A 0
0 1
P6.4/MCLK/COMO 52 43 |MCLK 1
N/A 0
1 0
Internally tied to DVSS 1
como @ X 1 1

(1) X =Don'tcare
(2) Setting P6SEL1.x = P6SELO.x = 1 disables the output driver and the input Schmitt trigger to prevent parasitic cross currents when
applying analog signals.
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9.14.22 Port P6 (P6.5 and P6.7) Input/Output With Schmitt Trigger

Figure 9-23 shows the port diagram. Table 9-45 summarizes the selection of the pin function.

r__________ﬁﬁ@ij

I————————————————:

sz | >0 i
LCDSz R I |
) - ____

| I
COMX i {>o<} |
| I
i I

PXREN.Xx m— —| _\
PxDIR.x =——00 |/
module 1 or PxDIR.x —0 1 DVSS 0
O—
module 2 or PxDIR.x —{10 Direction DVCC 1 1
] 0: Input p
module 3 or PxDIR.x 11 1- Output —C \ §

PxOUT.x ll—

module 1 or DVSS—
module 2 or DVSS—1 0
module 3 or DVSS— 1 1

PXSEL1.x = 1/ ® D
PxSELO.x =

i

PxIN.x < ® s
!
Bus
T aul Keeper
0 module
selector 4 D

§

Functional representation only.

Figure 9-23. Port P6 (P6.5 and P6.7) Diagram
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Table 9-45. Port P6 (P6.5 to P6.7) Pin Functions
PM CONTROL BITS OR SIGNALS ()
PIN NAME (P6.x) PN 80 FUNCTION
RGC 64 P6DIR.x | P6SEL1.x | P6SELO.x | LCDSz
0 = Input,
P6.5(1/0) 1 = Output 0 0 0
N/A 0
0 1 0
SMCLK 1
P6.5/SMCLK/COM1/ N/A 0
LCDS34 53 a4 1 0 0
Internally tied to DVSS 1
comM1@ X 1 1 X
X 0
Sz ) X 1
0 X
0 = Input,
P6.6(1/0) 1 = Output 0 0 0
N/A 0
0 1 0
ACLK 1
P6.6/ACLK/COM2/ N/A 0
LCDS31 54 45 1 0 0
Internally tied to DVSS 1
com2@ X 1 1 X
X 0
Sz ) X 1
0 X
0 = Input,
P6.7(1/0) 1 = Output 0 0 0
TAO.CCIMA 0
0 1 0
TAO.1 1
P6.7/TA0.1/COM4/ 62 T 0
LCDS29 1 0 0
Internally tied to DVSS 1
CcoM4@ X 1 1 X
X 0
Sz () X 1
0 X

(1) X =Don't care

(2) Setting P6SEL1.x and P6SELO.x disables the output driver and the input Schmitt trigger to prevent parasitic cross currents when
applying analog signals.

(3) Associated LCD segment is package dependent. Refer to the pin diagrams and signal descriptions in Section 7.
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9.14.23 Port P7 (P7.0) Input/Output With Schmitt Trigger

Figure 9-24 shows the port diagram. Table 9-46 summarizes the selection of the pin function.

| Pad Logic |
|
______________ JI
sz | {>o<} i
|
LCDSz \ ! I
| Fm————————————— 1
From USS_A : {>o<} |
|
From USS_A l |
' |
|
T\ e e 4
"—L/ I :
PXREN.x m—
Y B N |
PxDIRx #—100 J : |
Module 1 or PxDIR.x —0 1 | DVSS 0 |
Module 2 or PxDIR.x — 10 Direction | DvCC 1 1 :
0: Input
Module 3 or PXDIR.x — 1 1 1: Output : [ e N |
N — |
| § |
PxOUT.x -l—BJ\oL | |
Module 1 or DVSS—0 1 ! | D
Module 2 or DVSS—1 o i | |
Module 3 or DVSS—] 1 1 |
il | |
PXSEL1x m—e : D | |
PxSELO.x ® l |
PxIN.x < : T /e |
|
| Bus
| Keeper :
To module
selector 4 D | |
' |

Functional representation only.

Figure 9-24. Port P7 (P7.0) Diagram
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Table 9-46. Port P7 (P7.0) Pin Functions

PM CONTROL BITS OR SIGNALS ()
PIN NAME (P7.x) PN 80 RGC 64 FUNCTION
P7DIR.x | P7SEL1.x P7ELO0.x LCDSz
0 = Input,
P7.0 (1/0) 1 = Output 0 0 0
TA1.CCIOB 0
0 1 0
TA1.0 1
P7.0/TA1.0./TA1.2/XPB0/ 55 46 |NA 0
LCDS30 1 0 0
TA1.2 1
XPBO X@ X X X
5 O X X 0 1
0 1

(1) X =Don't care
(2) Enabling XPBO implicitly disables digital and LCD functions on this pin.
(3) Associated LCD segment is package dependent. Refer to the pin diagrams and signal descriptions in Section 7.
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9.14.24 Port PJ (PJ.0 to PJ.3) JTAG Pins TDO, TMS, TCK, TDI/TCLK, Input/Output With Schmitt Trigger

Figure 9-25 shows the port diagram. Table 9-47 summarizes the selection of the pin function.

' |
To Comparator : {>T<} :
From Comparator 3 I |

% —————————————— 1
CBPD.x ® Pad Logic :
JTAG enable ) | |
FromJTAG —M—— |
From JTAG —— b |
|
PJREN.X |
— | N |
PJDIRx =—(00 ) | : |
Module 1 or PXDIR.x —0 1 ]—» | DVSS 0 |
0 O—
Module 2 or PxDIRx —{10 > Direction | pvcc —| 1 1 :
Module 3 or PXDIR.X — 1 1 o ggt“;ut I o= |
|
PJOUT.x =—00 | |
Module 1 or DVSS —{0 1 1 | | S
Module 2 or DVSS —11 0 0) : |
Module 3 or DVSS —{1 1) | :
PJSEL1X ® 7] } | |
PJSELO.x = ) | |
PJIN.x < : ? s |
| Bus :
To module | Keeper |
selector D
and JTAG < | |
|
e
Functional representation only.
Figure 9-25. Port PJ (PJ.0 to PJ.3) Diagram
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Table 9-47. Port PJ (PJ.0 to PJ.3) Pin Functions

- CONTROL BITS/ SIGNALS(")
PIN NAME (PJ.x PN 80 FUNCTION
(PJx) RGC 64 PJDIRX | PJSEL1x | PJSELO.x c:zclzgx
0 = Input
@ ,
PJ.0 (1/0) 1 = Output 0 0 0
TDO®) X X X
UCA2CLK X(®) 0 1
PJ.0O/TDO/UCA2CLK/ 17 13 |NA 0
SRSCG1/DMAEO/C10 , , 1 0 0
CPU Status Register Bit SCG1 1
DMAEO 0
1 1 0
Internally tied to DVSS 1
c10¢4 X X X 1
0 = Input
@ ,
PJ.1 (1/0) 1 = Output 0 0 0
TDI/TCLK® ©® X X X
UCA2STE X(®) 0 1
PJ.1/TDITCLK/ UCA2STE/ | 14 NA 0
SRSCG0/ TA4CLK/C11 , , 1 0 0
CPU Status Register Bit SCGO 1
TA4CLK 0
1 1 0
Internally tied to DVSS 1
c11@ X X X 1
0 = Input
@ ,
PJ.2 (1/0) 1 = Output 0 0 0
TMS®) ) X X X
UCA2SIMO/UCA2TXD X(®) 0 1
PJ.2/TMS/UCA2SIMO/
UCA2TXD/SROSCOFF/ 19 15 |N/A 0 ] 0 0
TBOOUTH/C12 CPU Status Register Bit OSCOFF 1
TBOOUTH 0 1 1 0
Internally tied to DVSS 1
c124 X X X 1
0 = Input
@ ,
PJ.3 (1/0) 1 = Output 0 0 0
TCK®) () X X X
UCA2SOMI/UCA2RXD X(®) 0 1
PJ.3/TCK/UCA2SOMI/
UCA2RXD/SRCPUOFF/ 20 16 |NA 0
1 0 0
TB0.6/C13 CPU Status Register Bit CPUOFF 1
TBO.CCI6A 0
1 1 0
TBO0.6 1
c134 X X X 1

(1) X =Don't care

(2) Default condition

(3) The pin direction is controlled by the JTAG module. JTAG mode selection is made through the SYS module or by the Spy-Bi-Wire
four-wire entry sequence. Neither PJSEL1.x and PJSELO.x nor CEPDx bits have an effect in these cases.

(4) Setting the CEPDXx bit of the comparator disables the output driver and the input Schmitt trigger to prevent parasitic cross currents
when applying analog signals. Selecting the Cx input pin to the comparator multiplexer with the input select bits in the comparator
module automatically disables The output driver and input buffer for that pin, regardless of the state of the associated CEPDx bit.

(5) In JTAG mode, pullups are activated automatically on TMS, TCK, and TDI/TCLK. PJREN.x are don't care.

(6) Direction is controlled by the eUSCI_A2 module.

9.14.25 Port PJ (PJ.4 and PJ.5) Input/Output With Schmitt Trigger

Figure 9-26 and Figure 9-27 show the port diagrams. Table 9-48 summarizes the selection of the pin function.
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—_—_——— e —— — -
| Pad Logic |
To LFXT XIN : :
S e T 7
I
PJREN.4 m—
~ | N |
PJDIR .4 00 J | |
01 I DVSS 0 I
o Som
10 Direction | DVCC 1 1
0: Input
11 1: Output | "_CD— :
N{Q i g |
PJOUTA4 00 | |
pvss —| 01 | |
ovss 1o | | TR
DVSS — LP/ I I PJ.4/LFXIN
PJSEL1.4 m—e ® D : |
PJSELO.4 ® | |
PJIN4 <« | T 7 :
Bus
T dul : Keeper I
O module
selector <] P | :
- ]
Functional representation only.
Figure 9-26. Port PJ (PJ.4) Diagram
—_————-———— e —————— b |
| Pad Logic |
To LFXT XOUT } i
PJSELO.4 -—\_ | |
PJSEL1.4 B—— o_\ R F———————————— n
LFXTBYPASS B=————0 / | |
PJREN.5 m— _I | |
PJDIR.5 00 J |
01 | pvss —{ o |
rocion | o |
10 Direction | DvVCC 1 1 |
0: Input
% 1: Output | "_C} |
NG f |
PJOUTS5 00 | |
pvss —{o1 | |
pvss —|10 [ | o
DVSS _11/1’ : : PJ.5/LFXOUT
PJSEL1.5 =—e D |
PJSELO5 m I |
PJIN.5 <« | f 7 :
I Bus I
Keeper
To module
selector <] D : :
l___ _ _ ]
Functional representation only.
Figure 9-27. Port PJ (PJ.5) Diagram
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Table 9-48. Port PJ (PJ.4 and PJ.5) Pin Functions

e CONTROL BITS AND SIGNALS(")
PIN NAME (PJ.x) PN 80 FUNCTION
64 PJDIRx | PJSEL15 | PJSEL0S | PUSEL14 | PusEL0.4 | - XTEYPA
0 = Input,
PJ.4 (1/0) 1= Output X X 0 0 X
N/A 0 X X 1 X X
PJ.AILFXIN 7 6 Internally tied to DVSS 1
LFXIN crystal mode(@ X X X 0 1 0
LFXIN bypass mode(@ X X X 0 1 1
0 0 0
0 = Input,
PJ.5 (1/0) 1= Output 0 0 1 X
X X 13)
0 0
0
N/A 0 see(®) see(®) 1 X
PJ.5/LFXOUT 8 7
X X 13)
0 0 0
Internally tied to DVSS 1 see(®) see(®) 1 X
X X 1)
LFXOUT crystal mode®® X X X 0 1 0

(1) X =Don't care

(2) If PJSEL1.4 =0 and PJSELO0.4 = 1, the general-purpose /O is disabled. When LFXTBYPASS = 0, PJ.4 and PJ.5 are configured for
crystal operation and PJSEL1.5 and PJSELO0.5 are don't care. When LFXTBYPASS = 1, PJ.4 is configured for bypass operation and
PJ.5 is configured as general-purpose /0.

(3) When PJ.4 is configured in bypass mode, PJ.5 is configured as general-purpose I/O.

(4) If PJSELO.5 =1 or PJSEL1.5 = 1, the general-purpose I/O functionality is disabled. No input function is available. Configured as output,
the pin is actively pulled to zero.
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9.14.26 Port PJ (PJ.6 and PJ.7) Input/Output With Schmitt Trigger

Figure 9-28 and Figure 9-29 show the port diagrams. Table 9-49 summarizes the selection of the pin function.

————— e ————————— — -
| Pad Logic |
To HFXT XIN : :
° |
PJREN.6 B—
~ B )
PJDIR.6 00 |
01 Direction DVSS 0
0: Input O—
10 1: Output DVCC 1 1
11 d )

I I
I I
I I
I I
I I
| I
| I
NG f I
PJOUT.6 00 | |
DVSS —{01 | |
pvss —]10 I I N
USSXT_BOUT —|1 1) (_g | I o) 6Exin

PJSEL1.6 = 1/ ® D : |
PJSEL0.6 ® | I
PJIN.6 < T 7 I
I I
| Bus |

To module Keeper

u
selector <]l D : :
- I
Functional representation only.
Figure 9-28. Port PJ (PJ.6) Diagram
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To HFEXT XOUT

PJSELO0.6 l—\_
PJSEL1.6

.—l O_\ Py |_ ____________ —I
HFXTBYPASS B=——————0 /

PJREN.7 m— _I
PJDIR.7 00 )

01 DVSS 0

O—
10 Direction DVCC 1 1
0: Input Pe
1] 1: Output >— §

|

I

[

|

|

|

|

S |
PJOUT.7 00 |
DVSS —01 |
|

|

|

|

|

|

|

|

|

DVSS —10 | Q
pVss _11/1’ PJ.7/HFXOUT
PJSEL1.7 = o D
PJSELO.7 =
PJIN.7 < T 7
Bus
Keeper
To module
selector <]l D
- _ ]
Functional representation only.
Figure 9-29. Port PJ (PJ.7) Diagram
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Table 9-49. Port PJ (PJ.6 and PJ.7) Pin Functions

e CONTROL BITS AND SIGNALS(")
PIN NAME (PJ.x) PN 80 FUNCTION
64 PJDIRx | PJSEL17 | PJSELO7 | PUSEL16 | PUSEL06 |MTXTSYTA
0 = Input,
PJ.6 (I/0) e X X 0 0 X
HFXIN crystal mode® X X X 1 0
(2)
PJ.6/HEXIN/ 0 . HFXIN bypass mode' X X X 1 1
USSXT_BOUT N/A 0
X X 1 0 X
Internally tied to DVSS 0
N/A 0
X X 1 1 X
USSXT_BOUT ® 1
0 0 0
0 = Input
(4) »
PJ.7 (1/0) 1 = Output 0 0 1 X
X X 1)
0 0
0
N/A 0 see (4) see (4) 1 X
PJ.7/HFXOUT " 10
X X 16)
0 0 0
Internally tied to DVSS 1 see (4) see (4) 1 X
X X 1(5)
HFXOUT crystal mode(@ X X X 0 1 0

(1) X =Don't care

(2) Setting PJSEL1.6 = 0 and PJSELO0.6 = 1 causes the general-purpose /O to be disabled. When HFXTBYPASS = 0, PJ.6 and PJ.7 are
configured for crystal operation and PJSEL1.7 and PJSELO.7 are do not care. When HFXTBYPASS = 1, PJ.6 is configured for bypass

operation and PJ.7 is configured as general-purpose I/O.

(3) HFXT is connected to USSXT_BOUT ; USSXT and HFXT operate at same frequency bur without phase control; PJ.6 acts as output.

(4) With PJSELO.7 = 1 or PJSEL1.7 =1 the general-purpose I/O functionality is disabled. No input function is available. Configured as
output the pin is actively pulled to zero.
(6) When PJ.6 is configured in bypass mode, PJ.7 is configured as general-purpose 1/O.

Copyright © 2021 Texas Instruments Incorporated

Submit Document Feedback

Product Folder Links: MSP430FR6043 MSP430FR60431 MSP430FR6041 MSP430FR5043 MSP430FR50431

MSP430FR5041

143


https://www.ti.com
https://www.ti.com/product/MSP430FR6043
https://www.ti.com/product/MSP430FR60431
https://www.ti.com/product/MSP430FR6041
https://www.ti.com/product/MSP430FR5043
https://www.ti.com/product/MSP430FR50431
https://www.ti.com/product/MSP430FR5041
https://www.ti.com/lit/pdf/SLASEF5
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLASEF5B&partnum=MSP430FR6043
https://www.ti.com/product/msp430fr6043?qgpn=msp430fr6043
https://www.ti.com/product/msp430fr60431?qgpn=msp430fr60431
https://www.ti.com/product/msp430fr6041?qgpn=msp430fr6041
https://www.ti.com/product/msp430fr5043?qgpn=msp430fr5043
https://www.ti.com/product/msp430fr50431?qgpn=msp430fr50431
https://www.ti.com/product/msp430fr5041?qgpn=msp430fr5041

MSP430FR6043, MSP430FR60431, MSP430FR6041 I3 TEXAS

MSP430FR5043, MSP430FR50431, MSP430FR5041 INSTRUMENTS
SLASEF5B — JANUARY 2019 — REVISED DECEMBER 2021 www.ti.com

9.15 Device Descriptors (TLV)

Table 9-50 lists the Device IDs. Table 9-51 lists the contents of the device descriptor tag-length-value (TLV)
structure.

Table 9-50. Device IDs

DEVICE ID
DEVICE PACKAGE
01A05h 01A04h
MSP430FR6043 PN 83h 12h
MSP430FR60431 PN 83h 1Ah
MSP430FR6041 PN 83h 14h
PM 83h 17h
MSP430FR5043
RGC 83h 17h
PM 83h OFh
MSP430FR50431
RGC 83h OFh
PM 83h 18h
MSP430FR5041
RGC 83h 18h
Table 9-51. Device Descriptor Table
VALUE("
DESCRIPTION ADDRESS FR604x FR60431 FR504x FR50431
(UART BSL) (I2C BSL) (UART BSL) (12C BSL)
Info Length 01A00h 06h 06h 06h 06h
CRC Length 01A01h 06h 06h 06h 06h
01A02h Per unit Per unit Per unit Per unit
CRC Value
01A03h Per unit Per unit Per unit Per unit
Info Block
01A04h
Device ID See Table 9-50. | See Table 9-50. | See Table 9-50. | See Table 9-50.
01A05h
Hardware Revision 01A06h Per unit Per unit Per unit Per unit
Firmware Revision 01A07h Per unit Per unit Per unit Per unit
Die Record Tag 01A08h 08h 08h 08h 08h
Die Record length 01A09h 0Ah 0Ah 0Ah 0Ah
01AO0Ah Per unit Per unit Per unit Per unit
01A0Bh Per unit Per unit Per unit Per unit
Lot/Wafer ID
01A0Ch Per unit Per unit Per unit Per unit
01A0Dh Per unit Per unit Per unit Per unit
Die Record
01A0Eh Per unit Per unit Per unit Per unit
Die X Position
01A0Fh Per unit Per unit Per unit Per unit
01A10h Per unit Per unit Per unit Per unit
Die Y Position
01A11h Per unit Per unit Per unit Per unit
01A12h Per unit Per unit Per unit Per unit
Test Results
01A13h Per unit Per unit Per unit Per unit
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Table 9-51. Device Descriptor Table (continued)

VALUE(")
DESCRIPTION ADDRESS FR604x FR60431 FR504x FR50431
(UART BSL) (I2C BSL) (UART BSL) (12C BSL)
ADC12 Calibration Tag 01A14h 11h 11h 11h 11h
ADC12 Calibration Length 01A15h 10h 10h 10h 10h
01A16h Per unit Per unit Per unit Per unit
ADC Gain Factor(?
01A17h Per unit Per unit Per unit Per unit
01A18h Per unit Per unit Per unit Per unit
ADC Offset(®
01A19h Per unit Per unit Per unit Per unit
ADC 1.2-V Reference 01A1Ah Per unit Per unit Per unit Per unit
Temperature Sensor 30°C 01A1Bh Per unit Per unit Per unit Per unit
ADC12 ADC 1.2-V Reference 01A1Ch Per unit Per unit Per unit Per unit
Calibration Temperature Sensor 85°C 01A1Dh Per unit Per unit Per unit Per unit
ADC 2.0-V Reference 01A1Eh Per unit Per unit Per unit Per unit
Temperature Sensor 30°C 01A1Fh Per unit Per unit Per unit Per unit
ADC 2.0-V Reference 01A20h Per unit Per unit Per unit Per unit
Temperature Sensor 85°C 01A21h Per unit Per unit Per unit Per unit
ADC 2.5-V Reference 01A22h Per unit Per unit Per unit Per unit
Temperature Sensor 30°C 01A23h Per unit Per unit Per unit Per unit
ADC 2.5-V Reference 01A24h Per unit Per unit Per unit Per unit
Temperature Sensor 85°C 01A25h Per unit Per unit Per unit Per unit
REF Calibration Tag 01A26h 12h 12h 12h 12h
REF Calibration Length 01A27h 06h 06h 06h 06h
01A28h Per unit Per unit Per unit Per unit
REF 1.2-V Reference
01A29h Per unit Per unit Per unit Per unit
REF Calibration
01A2Ah Per unit Per unit Per unit Per unit
REF 2.0-V Reference
01A2Bh Per unit Per unit Per unit Per unit
01A2Ch Per unit Per unit Per unit Per unit
REF 2.5-V Reference
01A2Dh Per unit Per unit Per unit Per unit
128-Bit Random Number Tag 01A2Eh 15h 15h 15h 15h
Random Number Length 01A2Fh 10h 10h 10h 10h
01A30h Per unit Per unit Per unit Per unit
01A31h Per unit Per unit Per unit Per unit
01A32h Per unit Per unit Per unit Per unit
01A33h Per unit Per unit Per unit Per unit
01A34h Per unit Per unit Per unit Per unit
01A35h Per unit Per unit Per unit Per unit
Random 01A36h Per unit Per unit Per unit Per unit
Number 01A37h Per unit Per unit Per unit Per unit
128-Bit Random Number*)
01A38h Per unit Per unit Per unit Per unit
01A3%9h Per unit Per unit Per unit Per unit
01A3Ah Per unit Per unit Per unit Per unit
01A3Bh Per unit Per unit Per unit Per unit
01A3Ch Per unit Per unit Per unit Per unit
01A3Dh Per unit Per unit Per unit Per unit
01A3Eh Per unit Per unit Per unit Per unit
01A3Fh Per unit Per unit Per unit Per unit
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Table 9-51. Device Descriptor Table (continued)
VALUE™
DESCRIPTION ADDRESS FR604x FR60431 FR504x FR50431
(UART BSL) (12C BSL) (UART BSL) (1’c BSL)
BSL Tag 01A40h 1Ch 1Ch 1Ch 1Ch
BSL BSL Length 01A41h 02h 02h 02h 02h
Configuration | BSL Interface 01A42h 00h 01h 00h 01h
BSL Interface Configuration 01A43h 00h 48h 00h 48h

(1)  N/A = Not applicable, Per unit = content can differ from device to device

(2) ADC Gain: the gain correction factor is measured at room temperature using a 2.5-V external voltage reference without internal buffer
(ADC12VRSEL = 0x2, 0x4, or OxE). Other settings (for example, using internal reference) can result in different correction factors.

(3) ADC Offset: the offset correction factor is measured at room temperature using ADC12VRSEL = 0x2 or Ox4, an external reference, Vr+

= external 2.5V, Vg. = AVSS.

(4) 128-Bit Random Number: The random number is generated during production test using the Microsoft® CryptGenRandom() function.
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9.16 Memory Map

Table 9-52 summarizes the memory map for all device variants.

Table 9-52. Memory Organization(")

000009h to 000000h

MSP430FR5043(1), MSP430FR5041, MSP430FR6041
MSP430FR6043(1)
Memory (FRAM) Total Size 64KB 32KB
Main: code memory 015FFFh to 006000h O0OFFFFh to 008000h
Main: interrupt vectors and signatures 00FFFFh to 00FF80h 00FFFFh to 00FF80h
RAM (Shared with LEA) Size 8KB 8KB
(Sector 2) (005FFFh to 004000h) (005FFFh to 004000h)
Block 1 005FFFh to 005000h 005FFFh to 005000h
Block 0 004FFFh to 004000h 004FFFh to 004000h
System RAM Size 4KB 4KB
(Sector 1 base location) (002BFFh to 002400h) (002BFFh to 002400h)
(Sector 0 base location) (0023FFh to 001C00h) (0023FFh to 001CO00h)
Mirrored location: 001FFFh to 001C00h 003FFFh to 003C00h 003FFFh to 003C00h
Mirrored location: 002BFFh to 001C00h 003BFFh to 002C00h 003BFFh to 002C00h
Main: base location 002BFFh to 001C00h 002BFFh to 001C00h
Main: interrupt vectors 003BFFh to 003B80h 003BFFh to 003B80h
Device descriptor info (TLV) (FRAM) Size 256 bytes 256 bytes
001AFFh to 001A00h 001AFFh to 001A00h
Tl calibration and configuration (FRAM) Size 256 bytes 256 bytes
0019FFh to 001900h 0019FFh to 001900h
Bootloader (BSL) memory (ROM) BSL 3 512 bytes 512 bytes
0017FFh to 001600h 0017FFh to 001600h
BSL 2 512 bytes 512 bytes
0015FFh to 001400h 0015FFh to 001400h
BSL 1 512 bytes 512 bytes
0013FFh to 001200h 0013FFh to 001200h
BSL 0 512 bytes 512 bytes
0011FFh to 001000h 0011FFh to 001000h
Peripherals Size 4KB 4KB
000FFFh to 000020h 000FFFh to 000020h
Tiny RAM Size 22 bytes 22 bytes
000001Fh to 00000Ah 000001Fh to 00000Ah
Reserved Size 10 bytes 10 bytes

000009h to 000000h

(1)  All address space not listed is considered vacant memory.
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9.16.1 Peripheral File Map

For complete module register descriptions, see the MSP430FR58xx, MSP430FR59xx, and MSP430FR6xx

Family User's Guide.

Table 9-53. Peripherals

MODULE NAME BASE ADDRESS END ADDRESS
Special Functions (see Table 9-54) 0100h 011Fh
PMM (see Table 9-55) 0120h 013Fh
FRAM Control (see Table 9-56) 0140h 014Fh
CRC (see Table 9-57) 0150h 0157h
RAM Control (see Table 9-58) 0158h 0159h
Watchdog (see Table 9-59) 015Ch 015Dh
CS (see Table 9-60) 0160h 016Fh
SYS (see Table 9-61) 0180h 019Fh
Shared Reference (see Table 9-62) 01BOh 01B1h
Digital I/O (see Table 9-63) 0200h 033Fh
TAO (see Table 9-64) 0340h 036Fh
TA1 (see Table 9-65) 0380h 03AFh
TBO (see Table 9-66) 03COh 03EFh
TA2 (see Table 9-67) 0400h 042Fh
TAS3 (see Table 9-68) 0440h 046Fh
RTC_C (see Table 9-69) 04A0h 04BFh
32-bit Hardware Multiplier (see Table 9-70) 04COh 04EFh
DMA (see Table 9-71) 0500h 056Fh
MPU Control (see Table 9-72) 05A0h 05AFh
eUSCI_AOQ (see Table 9-73) 05COh 05DFh
eUSCI_A1 (see Table 9-74) 05EO0h 05FFh
eUSCI_A2 (see Table 9-75) 0600h 061Fh
eUSCI_A3 (see Table 9-76) 0620h 063Fh
eUSCI_BO (see Table 9-77) 0640h 066Fh
eUSCI_B1 (see Table 9-78) 0680h 06AFh
TA4 (see Table 9-79) 07COh 07EFh
ADC12_B (see Table 9-80) 0800h 089Fh
Comparator E (see Table 9-81) 08COh 08CFh
CRC32 (see Table 9-82) 0980h 09AFh
AES256 (see Table 9-83) 09COh 09CFh
LCD_C (see Table 9-90) 0A0Oh 0A5Fh
LEA (see Table 9-84) 0A80h 0AFFh
SAPH_A (see Table 9-85) 0EOOh 0E7Fh
SDHS (see Table 9-86) OE80h OEBFh
UUPS (see Table 9-87) OECOh OEDFh
HSPLL (see Table 9-88) OEEOh OEFFh
MTIF (see Table 9-89) O0F00h OF1Fh
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Table 9-54. Special Functions Registers

REGISTER DESCRIPTION ACRONYM ADDRESS
Interrupt Enable SFRIE1 0100h
Interrupt Flag SFRIFG1 0102h
Reset Pin Control SFRRPCR 0104h
Table 9-55. PMM Registers
REGISTER DESCRIPTION ACRONYM ADDRESS
PMM control register 0 PMMCTLO 0120h
PMM interrupt flag register PMMIFG 012Ah
Power mode 5 control register 0 PM5CTLO 0130h
Table 9-56. FRAM Control Registers
REGISTER DESCRIPTION ACRONYM ADDRESS
FRAM Controller A Control Register 0 FRCTLO 0140h
General Control Register 0 GCCTLO 0144h
General Control Register 1 GCCTL1 0146h
Table 9-57. CRC Registers
REGISTER DESCRIPTION ACRONYM ADDRESS
CRC Data In CRCDI 0150h
CRC Data In Reverse Byte CRCDIRB 0152h
CRC Initialization and Result CRCINIRES 0154h
CRC Result Reverse CRCRESR 0156h
Table 9-58. RAM Control Registers
REGISTER DESCRIPTION ACRONYM ADDRESS
RAM Controller Control 0 RCCTLO 0158h
RAM Controller Control 1 RCCTLA1 015Ah
Table 9-59. Watchdog Registers
REGISTER DESCRIPTION ACRONYM ADDRESS
Watchdog Timer Control Register WDTCTL 015Ch
Table 9-60. CS Registers
REGISTER DESCRIPTION ACRONYM ADDRESS
Clock System Control 0 CSCTLO 0160h
Clock System Control 1 CSCTL1 0162h
Clock System Control 2 CSCTL2 0164h
Clock System Control 3 CSCTL3 0166h
Clock System Control 4 CSCTL4 0168h
Clock System Control 5 CSCTL5 016Ah
Clock System Control 6 CSCTL6 016Ch
Table 9-61. SYS Registers
REGISTER DESCRIPTION ACRONYM ADDRESS
System Control SYSCTL 0180h
JTAG Mailbox Control SYSJMBC 0186h
JTAG Mailbox Input SYSJMBIO 0188h
JTAG Mailbox Input SYSJMBI1 018Ah
JTAG Mailbox Output SYSJMBOO 018Ch
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Table 9-61. SYS Registers (continued)
REGISTER DESCRIPTION ACRONYM ADDRESS
JTAG Mailbox Output SYSJMBO1 018Eh
User NMI Vector Generator SYSUNIV 019Ah
System NMI Vector Generator SYSSNIV 019Ch
Reset Vector Generator SYSRSTIV 019Eh
Table 9-62. Shared Reference Registers
REGISTER DESCRIPTION ACRONYM ADDRESS
REF Control Register 0 REFCTLO 01BOh
Table 9-63. Digital 1/0 Registers
REGISTER DESCRIPTION ACRONYM ADDRESS
Port A Input PAIN 0200h
Port 1 Input P1IN 0200h
Port 2 Input P2IN 0201h
Port A Output PAOUT 0202h
Port 1 Output P10UT 0202h
Port 2 Output P20OUT 0203h
Port A Direction PADIR 0204h
Port 1 Direction P1DIR 0204h
Port 2 Direction P2DIR 0205h
Port A Resistor Enable PAREN 0206h
Port 1 Resistor Enable P1REN 0206h
Port 2 Resistor Enable P2REN 0207h
Port A Select 0 PASELO 020Ah
Port 1 Select 0 P1SELO 020Ah
Port 2 Select 0 P2SELO 020Bh
Port A Select 1 PASEL1 020Ch
Port 1 Select 1 P1SEL1 020Ch
Port 2 Select 1 P2SEL1 020Dh
Port 1 Interrupt Vector Register P11V 020Eh
Port A Complement Select PASELC 0216h
Port 1 Complement Select P1SELC 0216h
Port 2 Complement Select P2SELC 0217h
Port A Interrupt Edge Select PAIES 0218h
Port 1 Interrupt Edge Select P1IES 0218h
Port 2 Interrupt Edge Select P2IES 0219h
Port A Interrupt Enable PAIE 021Ah
Port 1 Interrupt Enable P1IE 021Ah
Port 2 Interrupt Enable P2IE 021Bh
Port A Interrupt Flag PAIFG 021Ch
Port 1 Interrupt Flag P1IFG 021Ch
Port 2 Interrupt Flag P2IFG 021Dh
Port 2 Interrupt Vector Register P21V 021Eh
Port B Input PBIN 0220h
Port 3 Input P3IN 0220h
Port 4 Input P4IN 0221h
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Table 9-63. Digital /0 Registers (continued)

REGISTER DESCRIPTION ACRONYM ADDRESS
Port B Output PBOUT 0222h
Port 3 Output P30UT 0222h
Port 4 Output P40OUT 0223h
Port B Direction PBDIR 0224h
Port 3 Direction P3DIR 0224h
Port 4 Direction P4DIR 0225h
Port B Resistor Enable PBREN 0226h
Port 3 Resistor Enable P3REN 0226h
Port 4 Resistor Enable P4REN 0227h
Port B Select 0 PBSELO 022Ah
Port 3 Select 0 P3SELO 022Ah
Port 4 Select 0 P4SELO 022Bh
Port B Select 1 PBSEL1 022Ch
Port 3 Select 1 P3SEL1 022Ch
Port 4 Select 1 P4SEL1 022Dh
Port 3 Interrupt Vector Register P31V 022Eh
Port B Complement Select PBSELC 0236h
Port 3 Complement Select P3SELC 0236h
Port 4 Complement Select P4SELC 0237h
Port B Interrupt Edge Select PBIES 0238h
Port 3 Interrupt Edge Select P3IES 0238h
Port 4 Interrupt Edge Select P4IES 0239h
Port B Interrupt Enable PBIE 023Ah
Port 3 Interrupt Enable P3IE 023Ah
Port 4 Interrupt Enable P4I1E 023Bh
Port B Interrupt Flag PBIFG 023Ch
Port 3 Interrupt Flag P3IFG 023Ch
Port 4 Interrupt Flag P4IFG 023Dh
Port 4 Interrupt Vector Register P4lVv 023Eh
Port C Input PCIN 0240h
Port 5 Input P5IN 0240h
Port 6 Input P6IN 0241h
Port C Output PCOUT 0242h
Port 5 Output P50UT 0242h
Port 6 Output P6OUT 0243h
Port C Direction PCDIR 0244h
Port 5 Direction P5DIR 0244h
Port 6 Direction P6DIR 0245h
Port C Resistor Enable PCREN 0246h
Port 5 Resistor Enable P5REN 0246h
Port 6 Resistor Enable P6REN 0247h
Port C Select 0 PCSELO 024Ah
Port 5 Select 0 P5SELO 024Ah
Port 6 Select 0 P6SELO 024Bh
Port C Select 1 PCSEL1 024Ch
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Table 9-63. Digital /0 Registers (continued)
REGISTER DESCRIPTION ACRONYM ADDRESS

Port 5 Select 1 P5SEL1 024Ch
Port 6 Select 1 P6SEL1 024Dh
Port 5 Interrupt Vector Register P5IV 024Eh
Port C Complement Select PCSELC 0256h
Port 5 Complement Select P5SELC 0256h
Port 6 Complement Select P6SELC 0257h
Port C Interrupt Edge Select PCIES 0258h
Port 5 Interrupt Edge Select P5IES 0258h
Port 6 Interrupt Edge Select PBIES 025%9h
Port C Interrupt Enable PCIE 025Ah
Port 5 Interrupt Enable P5IE 025Ah
Port 6 Interrupt Enable P6IE 025Bh
Port C Interrupt Flag PCIFG 025Ch
Port 5 Interrupt Flag P5IFG 025Ch
Port 6 Interrupt Flag PBIFG 025Dh
Port 6 Interrupt Vector Register P6IV 025Eh
Port D Input PDIN 0260h
Port 7 Input P7IN 0260h
Port D Output PDOUT 0262h
Port 7 Output P70UT 0262h
Port D Direction PDDIR 0264h
Port 7 Direction P7DIR 0264h
Port D Resistor Enable PDREN 0266h
Port 7 Resistor Enable P7REN 0266h
Port D Select 0 PDSELO 026Ah
Port 7 Select 0 P7SELO 026Ah
Port D Select 1 PDSELA1 026Ch
Port 7 Select 1 P7SEL1 026Ch
Port 7 Interrupt Vector Register P7IV 026Eh
Port D Complement Select PDSELC 0276h
Port 7 Complement Select P7SELC 0276h
Port D Interrupt Edge Select PDIES 0278h
Port 7 Interrupt Edge Select P7IES 0278h
Port D Interrupt Enable PDIE 027Ah
Port 7 Interrupt Enable P7IE 027Ah
Port D Interrupt Flag PDIFG 027Ch
Port 7 Interrupt Flag P7IFG 027Ch
Port J Input PJIN 0320h
Port J Output PJOUT 0322h
Port J Direction PJDIR 0324h
Port J Resistor Enable PJREN 0326h
Port J Select 0 PJSELO 032Ah
Port J Select 1 PJSEL1 032Ch
Port J Complement Select PJSELC 0336h
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Table 9-64. TAO Registers

REGISTER DESCRIPTION ACRONYM ADDRESS
Timer_AO Control Register TAOCTL 0340h
Timer_AO Capture/Compare Control Register TAOCCTLO 0342h
Timer_AOQ Capture/Compare Control Register TAOCCTL1 0344h
Timer_AO Capture/Compare Control Register TAOCCTL2 0346h
Timer_AO register TAOR 0350h
Timer_AO Capture/Compare Register TAOCCRO 0352h
Timer_AO Capture/Compare Register TAOCCR1 0354h
Timer_AO Capture/Compare Register TAOCCR2 0356h
Timer_AO Expansion 0 Register TAOEXO 0360h
Timer_AO Interrupt Vector Register TAOIV 036Eh

Table 9-65. TA1 Registers

REGISTER DESCRIPTION ACRONYM ADDRESS
Timer_A1 Control Register TA1CTL 0380h
Timer_A1 Capture/Compare Control Register TA1CCTLO 0382h
Timer_A1 Capture/Compare Control Register TA1CCTLA1 0384h
Timer_A1 Capture/Compare Control Register TA1CCTL2 0386h
Timer_A1 register TA1TR 0390h
Timer_A1 Capture/Compare Register TA1CCRO 0392h
Timer_A1 Capture/Compare Register TA1CCR1 0394h
Timer_A1 Capture/Compare Register TA1CCR2 0396h
Timer_A1 Expansion 0 Register TA1EXO 03A0h
Timer_A1 Interrupt Vector Register TA1IV 03AEh

Table 9-66. TBO Registers

REGISTER DESCRIPTION ACRONYM ADDRESS
Timer_BO Control Register TBOCTL 03C0h
Timer_BO Capture/Compare Control Register TBOCCTLO 03C2h
Timer_BO0 Capture/Compare Control Register TBOCCTLA1 03C4h
Timer_BO0 Capture/Compare Control Register TBOCCTL2 03C6h
Timer_BO Capture/Compare Control Register TBOCCTL3 03C8h
Timer_BO Capture/Compare Control Register TBOCCTL4 03CAh
Timer_BO Capture/Compare Control Register TBOCCTL5 03CCh
Timer_BO0 Capture/Compare Control Register TBOCCTL6 03CEh
Timer_BO count register TBOR 03DO0Oh
Timer_BO Capture/Compare Register TBOCCRO 03D2h
Timer_BO Capture/Compare Register TBOCCR1 03D4h
Timer_BO Capture/Compare Register TBOCCR2 03D6h
Timer_BO Capture/Compare Register TBOCCR3 03D8h
Timer_BO Capture/Compare Register TBOCCR4 03DAh
Timer_BO Capture/Compare Register TBOCCR5 03DCh
Timer_BO0 Capture/Compare Register TBOCCRG6 03DEh
Timer_BO Expansion Register 0 TBOEXO 03EOh
Timer_BO Interrupt Vector Register TBOIV 03EEh
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Table 9-67. TA2 Registers

REGISTER DESCRIPTION ACRONYM ADDRESS
Timer_A2 Control Register TA2CTL 0400h
Timer_A2 Capture/Compare Control Register TA2CCTLO 0402h
Timer_A2 Capture/Compare Control Register TA2CCTL1 0404h
Timer_A2 register TA2R 0410h
Timer_A2 Capture/Compare Register TA2CCRO 0412h
Timer_A2 Capture/Compare Register TA2CCR1 0414h
Timer_A2 Expansion 0 Register TA2EX0 0420h
Timer_A2 Interrupt Vector Register TA2IV 042Eh

Table 9-68. TA3 Registers

REGISTER DESCRIPTION ACRONYM ADDRESS
Timer_A3 Control Register TA3CTL 0440h
Timer_A3 Capture/Compare Control Register TA3CCTLO 0442h
Timer_A3 Capture/Compare Control Register TA3CCTLA 0444h
Timer_A3 register TA3R 0450h
Timer_A3 Capture/Compare Register TA3CCRO 0452h
Timer_A3 Capture/Compare Register TA3CCR1 0454h
Timer_A3 Expansion 0 Register TA3EXO0 0460h
Timer_AS3 Interrupt Vector Register TA3IV 046Eh

Table 9-69. RTC_C Registers

REGISTER DESCRIPTION ACRONYM ADDRESS
RTCCTLO Register RTCCTLO 04A0h
RTCCTL13 Register RTCCTL13 04A2h
RTCOCAL Register RTCOCAL 04A4h
RTCTCMP Register RTCTCMP 04A6h
Real-Time Clock Prescale Timer 0 Control Register RTCPSOCTL 04A8h
Real-Time Clock Prescale Timer 1 Control Register RTCPS1CTL 04AAh
Real-Time Clock Prescale Timer Counter Register RTCPS 04ACh
Prescale timer O counter value RTOPS 04ACh
Prescale timer 1 counter value RT1PS 04ADh
Real-Time Clock Interrupt Vector Register RTCIV 04AEh
RTCTIMO Register — Hexadecimal Format RTCTIMO 04B0Oh
Real-Time Clock Hour, Day of Week RTCTIM1 04B2h
RTCDATE - Hexadecimal Format RTCDATE 04B4h
RTCYEAR Register — Hexadecimal Format RTCYEAR 04B6h
RTCMINHR - Hexadecimal Format RTCAMINHR 04B8h
RTCADOWDAY - Hexadecimal Format RTCADOWDAY 04BAh
Binary-to-BCD Conversion Register BIN2BCD 04BCh
BCD-to-Binary Conversion Register BCD2BIN 04BEh

Table 9-70. 32-bit Hardware Multiplier Registers

REGISTER DESCRIPTION ACRONYM ADDRESS
16-bit operand one — multiply MPY 04COh
16-bit operand one — signed multiply MPYS 04C2h
16-bit operand one — multiply accumulate MAC 04C4h
16-bit operand one — signed multiply accumulate MACS 04C6h
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Table 9-70. 32-bit Hardware Multiplier Registers (continued)

REGISTER DESCRIPTION ACRONYM ADDRESS
16-bit operand two OoP2 04C8h
16x16-bit result low word RESLO 04CAh
16x16-bit result high word RESHI 04CCh
16x16-bit sum extension register SUMEXT 04CEh
32-bit operand 1 — multiply — low word MPY32L 04DO0Oh
32-bit operand 1 — multiply — high word MPY32H 04D2h
32-bit operand 1 — signed multiply — low word MPYS32L 04D4h
32-bit operand 1 — signed multiply — high word MPYS32H 04D6h
32-bit operand 1 — multiply accumulate — low word MAC32L 04D8h
32-bit operand 1 — multiply accumulate — high word MAC32H 04DAh
32-bit operand 1 — signed multiply accumulate — low word MACS32L 04DCh
32-bit operand 1 — signed multiply accumulate — high word MACS32H 04DEh
32-bit operand 2 — low word OP2L 04EOh
32-bit operand 2 — high word OP2H 04E2h
32x32-bit result 0 — least significant word RESO 04E4h
32x32-bit result 1 RES1 04E6h
32x32-bit result 2 RES2 04E8h
32x32-bit result 3 — most significant word RES3 04EAh
MPY32 control register 0 MPY32CTLO 04ECh

Table 9-71. DMA Registers

REGISTER DESCRIPTION ACRONYM ADDRESS
DMA Control 0 DMACTLO 0500h
DMA Control 1 DMACTLA1 0502h
DMA Control 2 DMACTL2 0504h
DMA Control 4 DMACTL4 0508h
DMA Interrupt Vector DMAIV 050Eh
DMA Channel 0 Control DMAOCTL 0510h
DMA Channel 0 Source Address DMAOSA 0512h
DMA Channel 0 Destination Address DMAODA 0516h
DMA Channel 0 Transfer Size DMA0SZ 051Ah
DMA Channel 1 Control DMA1CTL 0520h
DMA Channel 1 Source Address DMA1SA 0522h
DMA Channel 1 Destination Address DMA1DA 0526h
DMA Channel 1 Transfer Size DMA1SZ 052Ah
DMA Channel 2 Control DMA2CTL 0530h
DMA Channel 2 Source Address DMA2SA 0532h
DMA Channel 2 Destination Address DMA2DA 0536h
DMA Channel 2 Transfer Size DMA2SZ 053Ah
DMA Channel 3 Control DMA3CTL 0540h
DMA Channel 3 Source Address DMA3SA 0542h
DMA Channel 3 Destination Address DMA3DA 0546h
DMA Channel 3 Transfer Size DMA3SzZ 054Ah
DMA Channel 4 Control DMA4CTL 0550h
DMA Channel 4 Source Address DMA4SA 0552h
DMA Channel 4 Destination Address DMA4DA 0556h
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Table 9-71. DMA Registers (continued)

REGISTER DESCRIPTION ACRONYM ADDRESS
DMA Channel 4 Transfer Size DMA4SzZ 055Ah
DMA Channel 5 Control DMASCTL 0560h
DMA Channel 5 Source Address DMAS5SA 0562h
DMA Channel 5 Destination Address DMAS5DA 0566h
DMA Channel 5 Transfer Size DMA5SZ 056Ah

Table 9-72. MPU Control Registers

REGISTER DESCRIPTION ACRONYM ADDRESS
Memory Protection Unit Control 0 MPUCTLO 05A0h
Memory Protection Unit Control 1 MPUCTLA 05A2h
Memory Protection Unit Segmentation Border 2 Register MPUSEGB2 05A4h
Memory Protection Unit Segmentation Border 1 Register MPUSEGB1 05A6h
Memory Protection Unit Segmentation Access Management Register MPUSAM 05A8h
Memory Protection Unit IP Control 0 Register MPUIPCO 05AAh
Memory Protection Unit IP Encapsulation Segment Border 2 Register MPUIPSEGB2 05ACh
Memory Protection Unit IP Encapsulation Segment Border 1 Register MPUIPSEGB1 05AEh

Table 9-73. eUSCI_AO0 Registers

REGISTER DESCRIPTION ACRONYM ADDRESS
eUSCI_AO Control Word Register 0 UCAOCTLWO 05COh
eUSCI_AO0 Control Word Register 1 UCAOCTLWA1 05C2h
eUSCI_AO0 Baud Rate Control Word Register UCAOBRW 05C6h
eUSCI_AO0 Modulation Control Word Register UCAOMCTLW 05C8h
eUSCI_AO0 Status Register UCAOSTATW 05CAh
eUSCI_AO0 Receive Buffer Register UCAORXBUF 05CCh
eUSCI_AO0 Transmit Buffer Register UCAOTXBUF 05CEh
eUSCI_AO0 Auto Baud Rate Control Register UCAOABCTL 05D0h
eUSCI_AO IrDA Control Word Register UCAOIRCTL 05D2h
eUSCI_AO Interrupt Enable Register UCAOIE 05DAh
eUSCI_AO Interrupt Flag Register UCAOQIFG 05DCh
eUSCI_AO Interrupt Vector Register UCAOIV 05DEh

Table 9-74. eUSCI_A1 Registers

REGISTER DESCRIPTION ACRONYM ADDRESS
eUSCI_A1 Control Word Register 0 UCA1CTLWO 05EO0h
eUSCI_A1 Control Word Register 1 UCA1CTLWA1 05E2h
eUSCI_A1 Baud Rate Control Word Register UCA1BRW 05E6h
eUSCI_A1 Modulation Control Word Register UCATMCTLW 05E8h
eUSCI_A1 Status Register UCA1STATW 05EAh
eUSCI_A1 Receive Buffer Register UCA1TRXBUF 05ECh
eUSCI_A1 Transmit Buffer Register UCA1TXBUF 05EEh
eUSCI_A1 Auto Baud Rate Control Register UCA1ABCTL 05F0h
eUSCI_A1 IrDA Control Word Register UCA1IRCTL 05F2h
eUSCI_A1 Interrupt Enable Register UCA1IE 05FAh
eUSCI_A1 Interrupt Flag Register UCAI1IFG 05FCh
eUSCI_A1 Interrupt Vector Register UCA1IV 05FEh
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Table 9-75. eUSCI_A2 Registers

REGISTER DESCRIPTION ACRONYM ADDRESS
eUSCI_A2 Control Word Register 0 UCA2CTLWO 0600h
eUSCI_A2 Control Word Register 1 UCA2CTLWA1 0602h
eUSCI_A2 Baud Rate Control Word Register UCA2BRW 0606h
eUSCI_A2 Modulation Control Word Register UCA2MCTLW 0608h
eUSCI_A2 Status Register UCA2STATW 060Ah
eUSCI_A2 Receive Buffer Register UCA2RXBUF 060Ch
eUSCI_A2 Transmit Buffer Register UCA2TXBUF 060Eh
eUSCI_A2 Auto Baud Rate Control Register UCA2ABCTL 0610h
eUSCI_A2 IrDA Control Word Register UCA2IRCTL 0612h
eUSCI_A2 Interrupt Enable Register UCAZ2IE 061Ah
eUSCI_A2 Interrupt Flag Register UCA2IFG 061Ch
eUSCI_A2 Interrupt Vector Register UCA2IV 061Eh

Table 9-76. eUSCI_A3 Registers

REGISTER DESCRIPTION ACRONYM ADDRESS
eUSCI_A3 Control Word Register 0 UCA3CTLWO 0620h
eUSCI_A3 Control Word Register 1 UCA3CTLWA1 0622h
eUSCI_A3 Baud Rate Control Word Register UCA3BRW 0626h
eUSCI_A3 Modulation Control Word Register UCA3MCTLW 0628h
eUSCI_A3 Status Register UCA3STATW 062Ah
eUSCI_A3 Receive Buffer Register UCA3RXBUF 062Ch
eUSCI_A3 Transmit Buffer Register UCA3TXBUF 062Eh
eUSCI_A3 Auto Baud Rate Control Register UCAS3ABCTL 0630h
eUSCI_A3 IrDA Control Word Register UCASIRCTL 0632h
eUSCI_A3 Interrupt Enable Register UCASIE 063Ah
eUSCI_AS3 Interrupt Flag Register UCASIFG 063Ch
eUSCI_AS3 Interrupt Vector Register UCA3IV 063Eh

Table 9-77. eUSCI_BO Registers

REGISTER DESCRIPTION ACRONYM ADDRESS
eUSCI_BO0 Control Word Register 0 UCBOCTLWO 0640h
eUSCI_BO0 Control Word Register 1 UCBOCTLWA1 0642h
eUSCI_BO0 Baud Rate Control Word Register UCBOBRW 0646h
eUSCI_BO Status Register UCBOSTATW 0648h
eUSCI_BO0 Byte Counter Threshold Register UCBOTBCNT 064Ah
eUSCI_BO0 Receive Buffer Register UCBORXBUF 064Ch
eUSCI_BO0 Transmit Buffer Register UCBOTXBUF 064Eh
eUSCI_BO0 12C Own Address 0 Register UCBO0I2COA0 0654h
eUSCI_BO0 12C Own Address 1 Register UCBO0I2COA1 0656h
eUSCI_BO0 12C Own Address 2 Register UCBO0I2COA2 0658h
eUSCI_BO0 I2C Own Address 3 Register UCBO0I2COA3 065Ah
eUSCI_BO I2C Received Address Register UCBOADDRX 065Ch
eUSCI_BO I2C Address Mask Register UCBOADDMASK 065Eh
eUSCI_BO0 12C Slave Address Register UCBOI2CSA 0660h
eUSCI_BO Interrupt Enable Register UCBOIE 066Ah
eUSCI_BO Interrupt Flag Register UCBOIFG 066Ch
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Table 9-77. eUSCI_BO0 Registers (continued)

REGISTER DESCRIPTION ACRONYM ADDRESS

eUSCI_BO Interrupt Vector Register ucBolv 066Eh
Table 9-78. eUSCI_B1 Registers

REGISTER DESCRIPTION ACRONYM ADDRESS
eUSCI_B1 Control Word Register 0 UCB1CTLWO 0680h
eUSCI_B1 Control Word Register 1 UCB1CTLWA1 0682h
eUSCI_B1 Baud Rate Control Word Register UCB1BRW 0686h
eUSCI_B1 Status Register UCB1STATW 0688h
eUSCI_B1 Byte Counter Threshold Register UCB1TBCNT 068Ah
eUSCI_B1 Receive Buffer Register UCB1RXBUF 068Ch
eUSCI_B1 Transmit Buffer Register UCB1TXBUF 068Eh
eUSCI_B1 12C Own Address 0 Register UCB1I12COA0 0694h
eUSCI_B1 12C Own Address 1 Register UCB112COA1 0696h
eUSCI_B1 12C Own Address 2 Register UCB112COA2 0698h
eUSCI_B1 12C Own Address 3 Register UCB112COA3 069Ah
eUSCI_B1 12C Received Address Register UCB1ADDRX 069Ch
eUSCI_B1 I2C Address Mask Register UCB1ADDMASK 069Eh
eUSCI_B1 I2C Slave Address Register UCB1I2CSA 06A0h
eUSCI_B1 Interrupt Enable Register UCB1IE 06AAh
eUSCI_B1 Interrupt Flag Register UCB1IFG 06ACh
eUSCI_B1 Interrupt Vector Register ucB1Ilv 06AEh

Table 9-79. TA4 Registers

REGISTER DESCRIPTION ACRONYM ADDRESS
Timer_A4 Control Register TA4CTL 07COh
Timer_A4 Capture/Compare Control Register TA4CCTLO 07C2h
Timer_A4 Capture/Compare Control Register TA4CCTL1 07C4h
Timer_A4 register TA4R 07DO0Oh
Timer_A4 Capture/Compare Register TA4CCRO 07D2h
Timer_A4 Capture/Compare Register TA4CCR1 07D4h
Timer_A4 Expansion 0 Register TA4EXO 07EOh
Timer_A4 Interrupt Vector Register TA4IV 07EEh

Table 9-80. ADC12_B Registers

REGISTER DESCRIPTION ACRONYM ADDRESS
ADC12_B Control 0 ADC12CTLO 0800h
ADC12_B Control 1 ADC12CTL1 0802h
ADC12_B Control 2 ADC12CTL2 0804h
ADC12_B Control 3 ADC12CTL3 0806h
ADC12_B Window Comparator Low Threshold Register ADC12LO 0808h
ADC12_B Window Comparator High Threshold Register ADC12HI 080Ah
ADC12_B Interrupt Flag 0 ADC12IFGRO 080Ch
ADC12_B Interrupt Flag 1 ADC12IFGR1 080Eh
ADC12_B Interrupt Flag 2 ADC12IFGR2 0810h
ADC12_B Interrupt Enable 0 ADC12IERO 0812h
ADC12_B Interrupt Enable 1 ADC12IER1 0814h
ADC12_B Interrupt Enable 2 ADC12IER2 0816h
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Table 9-80. ADC12_B Registers (continued)

REGISTER DESCRIPTION ACRONYM ADDRESS
ADC12_B Interrupt Vector ADC12IV 0818h
ADC12_B Memory Control 0 Register ADC12MCTLO 0820h
ADC12_B Memory Control 1 Register ADC12MCTLA1 0822h
ADC12_B Memory Control 2 Register ADC12MCTL2 0824h
ADC12_B Memory Control 3 Register ADC12MCTL3 0826h
ADC12_B Memory Control 4 Register ADC12MCTL4 0828h
ADC12_B Memory Control 5 Register ADC12MCTL5 082Ah
ADC12_B Memory Control 6 Register ADC12MCTL6 082Ch
ADC12_B Memory Control 7 Register ADC12MCTL7 082Eh
ADC12_B Memory Control 8 Register ADC12MCTL8 0830h
ADC12_B Memory Control 9 Register ADC12MCTL9 0832h
ADC12_B Memory Control 10 Register ADC12MCTL10 0834h
ADC12_B Memory Control 11 Register ADC12MCTL11 0836h
ADC12_B Memory Control 12 Register ADC12MCTL12 0838h
ADC12_B Memory Control 13 Register ADC12MCTL13 083Ah
ADC12_B Memory Control 14 Register ADC12MCTL14 083Ch
ADC12_B Memory Control 15 Register ADC12MCTL15 083Eh
ADC12_B Memory Control 16 Register ADC12MCTL16 0840h
ADC12_B Memory Control 17 Register ADC12MCTL17 0842h
ADC12_B Memory Control 18 Register ADC12MCTL18 0844h
ADC12_B Memory Control 19 Register ADC12MCTL19 0846h
ADC12_B Memory Control 20 Register ADC12MCTL20 0848h
ADC12_B Memory Control 21 Register ADC12MCTL21 084Ah
ADC12_B Memory Control 22 Register ADC12MCTL22 084Ch
ADC12_B Memory Control 23 Register ADC12MCTL23 084Eh
ADC12_B Memory Control 24 Register ADC12MCTL24 0850h
ADC12_B Memory Control 25 Register ADC12MCTL25 0852h
ADC12_B Memory Control 26 Register ADC12MCTL26 0854h
ADC12_B Memory Control 27 Register ADC12MCTL27 0856h
ADC12_B Memory Control 28 Register ADC12MCTL28 0858h
ADC12_B Memory Control 29 Register ADC12MCTL29 085Ah
ADC12_B Memory Control 30 Register ADC12MCTL30 085Ch
ADC12_B Memory Control 31 Register ADC12MCTL31 085Eh
ADC12_B Memory 0 Register ADC12MEMO 0860h
ADC12_B Memory 1 Register ADC12MEM1 0862h
ADC12_B Memory 2 Register ADC12MEM2 0864h
ADC12_B Memory 3 Register ADC12MEM3 0866h
ADC12_B Memory 4 Register ADC12MEM4 0868h
ADC12_B Memory 5 Register ADC12MEM5 086Ah
ADC12_B Memory 6 Register ADC12MEM6 086Ch
ADC12_B Memory 7 Register ADC12MEM7 086Eh
ADC12_B Memory 8 Register ADC12MEM8 0870h
ADC12_B Memory 9 Register ADC12MEM9 0872h
ADC12_B Memory 10 Register ADC12MEM10 0874h
ADC12_B Memory 11 Register ADC12MEM11 0876h
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Table 9-80. ADC12_B Registers (continued)

REGISTER DESCRIPTION ACRONYM ADDRESS
ADC12_B Memory 12 Register ADC12MEM12 0878h
ADC12_B Memory 13 Register ADC12MEM13 087Ah
ADC12_B Memory 14 Register ADC12MEM14 087Ch
ADC12_B Memory 15 Register ADC12MEM15 087Eh
ADC12_B Memory 16 Register ADC12MEM16 0880h
ADC12_B Memory 17 Register ADC12MEM17 0882h
ADC12_B Memory 18 Register ADC12MEM18 0884h
ADC12_B Memory 19 Register ADC12MEM19 0886h
ADC12_B Memory 20 Register ADC12MEM20 0888h
ADC12_B Memory 21 Register ADC12MEM21 088Ah
ADC12_B Memory 22 Register ADC12MEM22 088Ch
ADC12_B Memory 23 Register ADC12MEM23 088Eh
ADC12_B Memory 24 Register ADC12MEM24 0890h
ADC12_B Memory 25 Register ADC12MEM25 0892h
ADC12_B Memory 26 Register ADC12MEM26 0894h
ADC12_B Memory 27 Register ADC12MEM27 0896h
ADC12_B Memory 28 Register ADC12MEM28 0898h
ADC12_B Memory 29 Register ADC12MEM29 089Ah
ADC12_B Memory 30 Register ADC12MEM30 089Ch
ADC12_B Memory 31 Register ADC12MEM31 089Eh

Table 9-81. Comparator E Registers

REGISTER DESCRIPTION ACRONYM ADDRESS
Comparator Control Register 0 CECTLO 08COh
Comparator Control Register 1 CECTL1 08C2h
Comparator Control Register 2 CECTL2 08C4h
Comparator Control Register 3 CECTL3 08C6h
Comparator Interrupt Control Register CEINT 08CCh
Comparator Interrupt Vector Word Register CEIV 08CEh

Table 9-82. CRC32 Registers

REGISTER DESCRIPTION ACRONYM ADDRESS
CRC32 Data Input Word 0 CRC32DIW0 0980h
CRC32 Data Input Word 1 CRC32DIW1 0982h
CRC32 Data In Reverse Word 1 CRC32DIRBW1 0984h
CRC32 Data In Reverse Word 0 CRC32DIRBWO 0986h
CRC32 Initialization and Result Word 0 CRC32INIRESWO0 0988h
CRC32 Initialization and Result Word 1 CRC32INIRESW1 098Ah
CRC32 Result Reverse Word 1 CRC32RESRW1 098Ch
CRC32 Result Reverse Word 0 CRC32RESRWO 098Eh
CRC16 Data Input CRC16DIWO0 0990h
CRC16 Data In Reverse CRC16DIRBWO 0996h
CRC16 Init and Result CRC16INIRESWO 0998h
CRC16 Result Reverse CRC16RESRWO0 099Eh
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Table 9-83. AES256 Registers

REGISTER DESCRIPTION ACRONYM ADDRESS
AES Accelerator Control Register 0 AESACTLO 09COh
AES Accelerator Control Register 1 AESACTLA 09C2h
AES Accelerator Status Register AESASTAT 09C4h
AES Accelerator Key Register AESAKEY 09C6h
AES Accelerator Data In Register AESADIN 09C8h
AES Accelerator Data Out Register AESADOUT 09CAh
AES Accelerator XORed Data In Register AESAXDIN 09CCh
AES Accelerator XORed Data In Register AESAXIN 09CEh

Table 9-84. LEA Registers

REGISTER DESCRIPTION ACRONYM ADDRESS
LEA Capability Register LEACAP 0A80h
Configuration Register 0 LEACNFO 0A84h
Configuration Register 1 LEACNF1 0A88h
Configuration Register 2 LEACNF2 0A8Ch
Memory Bottom Register LEAMB 0A90h
Memory Top Register LEAMT 0A94h
Code Memory Access Register LEACMA 0A98h
Code Memory Control Register LEACMCTL 0A9Ch
LEA Command Status Register LEACMDSTAT 0AA8h
LEA Source 1 Status Register LEAS1STAT 0AACh
LEA Source 0 Status Register LEASOSTAT 0ABOh
LEA Result Status Register LEADSTSTAT 0AB4h
PM Control Register LEAPMCTL 0ACOh
PM Result Register LEAPMDST 0AC4h
PM Source 1 Register LEAPMS1 0AC8h
PM Source 0 Register LEAPMSO 0ACCh
PM Command Buffer Register LEAPMCB 0OADOh
Interrupt Flag and Set Register LEAIFGSET O0AFOh
Interrupt Enable Register LEAIE 0AF4h
Interrupt Flag and Clear Register LEAIFG 0AF8h
Interrupt Vector Register LEAIV 0AFCh

Table 9-85. SAPH_A Registers

REGISTER DESCRIPTION ACRONYM ADDRESS
Interrupt Index SAPH_AIIDX 0EQOOh
Masked Interrupt Satus SAPH_AMIS 0EO2h
Raw Interrupt Status SAPH_ARIS 0EO4h
Interrupt Mask SAPH_AIMSC 0EO6h
Interrupt Clear SAPH_AICR 0EQO8h
Interrupt Set SAPH_AISR OEOAh
Module-Descriptor Low Word SAPH_ADESCLO 0EOCh
Module-Descriptor High Word SAPH_ADESCHI OEOEh
Key SAPH_AKEY 0E10h
Physical Interface Output Control #0 SAPH_AOCTLO 0E12h
Physical Interface Output Control #1 SAPH_AOCTLA1 0E14h
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Table 9-85. SAPH_A Registers (continued)

REGISTER DESCRIPTION ACRONYM ADDRESS
Physical Interface Output Function Select SAPH_AOSEL OE16h
Channel 0 Pull UpTrim Register SAPH_ACHOPUT 0E20h
Channel 0 Pull DownTrim Register SAPH_ACHOPDT 0E22h
Channel 0 Termination Trim SAPH_ACHOTT 0E24h
Channel 1 Pull UpTrim SAPH_ACH1PUT O0E26h
Channel 1 Pull DownTrim SAPH_ACH1PDT 0E28h
Channel 1 Termination Trim SAPH_ACHATT 0E2Ah
Mode Configuration SAPH_AMCNF 0E2Ch
Trim Access Control SAPH_ATACTL OE2Eh
Physical Interface Input Control #0 SAPH_AICTLO 0E30h
Bias Control SAPH_ABCTL 0E34h
PPG Count SAPH_APGC OE40h
Pulse Generator Low Period SAPH_APGLPER 0E42h
Pulse Generator High Period SAPH_APGHPER 0E44h
PPG Control SAPH_APGCTL O0E46h
PPG Software Trigger SAPH_APPGTRIG 0E48h
Extended Pulse Control Register SAPH_AXPGCTL 0E4Ah
Extra Pulse Low Period Register SAPH_AXPGLPER 0E4Ch
Extra Pulse High Period Register SAPH_AXPGHPER OE4Eh
A-SEQ control register 0 SAPH_AASCTLO 0E60h
A-SEQ control register 1 SAPH_AASCTLA 0E62h
ASQ Software Trigger SAPH_AASQTRIG 0E64h
ASQ ping output polarity SAPH_AAPOL 0E66h
ASQ ping pause level SAPH_AAPLEV 0E68h
ASQ ping pause impedance SAPH_AAPHIZ 0E6Ah
A-SEQ start to 1st ping SAPH_AATM_A OE6Eh
ASQ start to ADC arm SAPH_AATM_B 0E70h
Count for the TIMEMARK C Event SAPH_AATM_C OE72h
ASQ start to ADC trig SAPH_AATM_D 0E74h
ASQ start to restart SAPH_AATM_E OE76h
ASQ start to timeout SAPH_AATM_F 0E78h
Time Base Control SAPH_ATBCTL 0E7Ah
Acquisition Timer Low Part SAPH_AATIMLO 0E7Ch
Acquisition Timer High Part SAPH_AATIMHI OE7Eh
Table 9-86. SDHS Registers
REGISTER DESCRIPTION ACRONYM ADDRESS
Interrupt Index Register SDHSIIDX 0E80h
Masked Interrupt Status and Clear Register SDHSMIS 0E82h
Raw Interrupt Status Register SDHSRIS 0E84h
Interrupt Mask Register SDHSIMSC 0E86h
Interrupt Clear Register. SDHSICR 0E88h
Interrupt Set Register. SDHSISR 0E8Ah
SDHS Descriptor Register L. SDHSDESCLO OE8Ch
SDHS Descriptor Register H. SDHSDESCHI OE8Eh
SDHS Control Register 0 SDHSCTLO 0E90h
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Table 9-86. SDHS Registers (continued)

REGISTER DESCRIPTION ACRONYM ADDRESS
SDHS Control Register 1 SDHSCTLA1 0E92h
SDHS Control Register 2 SDHSCTL2 0E94h
SDHS Control Register 3 SDHSCTL3 0E96h
SDHS Control Register 4 SDHSCTL4 0E98h
SDHS Control Register 5 SDHSCTL5 OE9Ah
SDHS Control Register 6 SDHSCTL6 0E9Ch
SDHS Control Register 7 SDHSCTL7 OE9Eh
SDHS Data Converstion Register SDHSDT 0EA2h
SDHS Window Comparator High Threshold Register. SDHSWINHITH 0EA4h
SDHS Window Comparator Low Threshold Register. SDHSWINLOTH 0EA6h
DTC destination address register SDHSDTCDA 0EA8h

Table 9-87. UUPS Registers

REGISTER DESCRIPTION ACRONYM ADDRESS
Interrupt Index Register UUPSIIDX 0ECOh
Masked Interrupt Status Register UUPSMIS 0EC2h
Raw Interrupt Status Register UUPSRIS 0EC4h
Interrupt Mask Register UUPSIMSC 0EC6h
Interrupt Clear Register. UUPSICR 0EC8h
Interrupt Flag Set Register. UUPSISR OECAh
UUPS Descriptor Register L. UUPSDESCLO OECCh
UUPS Descriptor Register H. UUPSDESCHI OECEh
UUPS Control UUPSCTL OEDOh

Table 9-88. HSPLL Registers

REGISTER DESCRIPTION ACRONYM ADDRESS
Interrupt Index Register HSPLLIIDX OEEOh
Masked Interrupt Status Register. HSPLLMIS OEE2h
Raw Interrupt Status Register HSPLLRIS OEE4h
Interrupt Mask Register HSPLLIMSC OEEG6h
Interrupt Flag Clear Register. HSPLLICR OEE8h
Interrupt Flag Set Register. HSPLLISR OEEAh
HSPLL Descriptor Register L. HSPLLDESCLO OEECh
HSPLL Descriptor Register H. HSPLLDESCHI OEEEh
HSPLL Control Register HSPLLCTL 0EFOh
USSXT Control Register HSPLLUSSXTLCTL OEF2h

Table 9-89. MTIF Registers

REGISTER DESCRIPTION ACRONYM ADDRESS
Pulse Generator Configuration Register MTIFPGCNF O0FO00h
Pulse Generator Value Register MTIFPGKVAL 0F02h
Pulse Generator Control Register MTIFPGCTL 0F04h
Pulse Generator Status Register MTIFPGSR 0F06h
Pulse Counter Configuration Register MTIFPCCNF 0F08h
Pulse Counter Value Register MTIFPCR OFOAh
Pulse Counter Control Register MTIFPCCTL OFOCh
Pulse Counter Status Register MTIFPCSR OFOEh
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Table 9-89. MTIF Registers (continued)

REGISTER DESCRIPTION ACRONYM ADDRESS
Measurement Test Port Control Register MTIFTPCTL OF10h
Table 9-90. LCD_C Regis
REGISTER DESCRIPTION ACRONYM ADDRESS

LCD_C control 0 LCDCCTLO 0AO0OCh
LCD_C control 1 LCDCCTL1 0A02h
LCD_C blinking control LCDCBLKCTL 0A04h
LCD_C memory control LCDCMEMCTL 0A06h
LCD_C voltage control LCDCVCTL 0A08h
LCD_C port control 0 LCDCPCTLO 0AOAh
LCD_C port control 1 LCDCPCTLA1 0AOCh
LCD_C port control 2 (2256 segments) LCDCPCTL2 OAOEh
LCD_C port control 3 (384 segments) LCDCPCTL3 0A10h
LCD_C charge pump control register LCDCCPCTL 0A12h
LCD_C interrupt vector LCDCIV 0A1Eh
Static and 2 to 4 mux modes

LCD_C memory 1 LCDM1 0A20h
LCD_C memory 2 LCDM2 0A21h
LCD_C memory 3 LCDM3 0A22h
LCD_C memory 4 LCDM4 0A23h
LCD_C memory 5 LCDM5 0A24h
LCD_C memory 6 LCDM6 0A25h
LCD_C memory 7 LCDM7 0A26h
LCD_C memory 8 LCDM8 0A27h
LCD_C memory 9 LCDM9 0A28h
LCD_C memory 10 LCDM10 0A2%h
LCD_C memory 11 LCDM11 0A2Ah
LCD_C memory 12 LCDM12 0A2Bh
LCD_C memory 13 LCDM13 0A2Ch
LCD_C memory 14 LCDM14 0A2Dh
LCD_C memory 15 LCDM15 0A2Eh
LCD_C memory 16 LCDM16 0A2Fh
LCD_C memory 17 LCDM17 0A30h
LCD_C memory 18 LCDM18 0A31h
LCD_C memory 19 LCDM19 0A32h
LCD_C memory 20 LCDM20 0A33h
Reserved 0A34h to 0A3Bh
LCD_C blinking memory 1 LCDBM!1 0A40h
LCD_C blinking memory 2 LCDBM2 0A41h
LCD_C blinking memory 3 LCDBM3 0A42h
LCD_C blinking memory 4 LCDBM4 0A43h
LCD_C blinking memory 5 LCDBM5 0A44h
LCD_C blinking memory 6 LCDBM6 0A45h
LCD_C blinking memory 7 LCDBM7 0A46h
LCD_C blinking memory 8 LCDBMS8 0A47h
LCD_C blinking memory 9 LCDBM9 0A48h
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Table 9-90. LCD_C Registers (continued)

REGISTER DESCRIPTION ACRONYM ADDRESS

LCD_C blinking memory 10 LCDBM10 0A49h
LCD_C blinking memory 11 LCDBM11 0A4Ah
LCD_C blinking memory 12 LCDBM12 0A4Bh
LCD_C blinking memory 13 LCDBM13 0A4Ch
LCD_C blinking memory 14 LCDBM14 0A4Dh
LCD_C blinking memory 15 LCDBM15 0A4Eh
LCD_C blinking memory 16 LCDBM16 0A4Fh
LCD_C blinking memory 17 LCDBM17 0A50h
LCD_C blinking memory 18 LCDBM18 0A51h
LCD_C blinking memory 19 LCDBM19 0A52h
LCD_C blinking memory 20 LCDBM20 0A53h
Reserved 0A54h to 0A5Bh
5 to 8 mux modes

LCD_C memory 1 LCDM1 0A20h
LCD_C memory 2 LCDM2 0A21h
LCD_C memory 3 LCDM3 0A22h
LCD_C memory 4 LCDM4 0A23h
LCD_C memory 5 LCDM5 0A24h
LCD_C memory 6 LCDM6 0A25h
LCD_C memory 7 LCDM7 0A26h
LCD_C memory 8 LCDM8 0A27h
LCD_C memory 9 LCDM9 0A28h
LCD_C memory 10 LCDM10 0A29h
LCD_C memory 11 LCDM11 0A2Ah
LCD_C memory 12 LCDM12 0A2Bh
LCD_C memory 13 LCDM13 0A2Ch
LCD_C memory 14 LCDM14 0A2Dh
LCD_C memory 15 LCDM15 0A2Eh
LCD_C memory 16 LCDM16 0A2Fh
LCD_C memory 17 LCDM17 0A30h
LCD_C memory 18 LCDM18 0A31h
LCD_C memory 19 LCDM19 0A32h
LCD_C memory 20 LCDM20 0A33h
LCD_C memory 21 LCDM21 0A34h
LCD_C memory 22 LCDM22 0A35h
LCD_C memory 23 LCDM23 0A36h
LCD_C memory 24 LCDM24 0A37h
LCD_C memory 25 LCDM25 0A38h
LCD_C memory 26 LCDM26 0A39h
LCD_C memory 27 LCDM27 0A3Ah
LCD_C memory 28 LCDM28 0A3Bh
LCD_C memory 29 LCDM29 0A3Ch
LCD_C memory 30 LCDM30 0A3Dh
LCD_C memory 31 LCDM31 0A3Eh
LCD_C memory 32 LCDM32 0A3Fh
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Table 9-90. LCD_C Registers (continued)

REGISTER DESCRIPTION ACRONYM ADDRESS
LCD_C memory 33 LCDM33 0A40h
LCD_C memory 34 LCDM34 0A41h
LCD_C memory 35 LCDM35 0A42h
LCD_C memory 36 LCDM36 0A43h
Reserved 0A44h to 0A53h

LDC memory is implemented for groups of segments. Memory for non-existent segment lines is accessible but
cannot be used.
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9.17 ldentification
9.17.1 Revision Identification

The device revision information is shown as part of the top-side marking on the device package. The device-
specific errata sheet describes these markings. For links to all of the errata sheets for the devices in this data
sheet, see Section 11.4.

The hardware revision is also stored in the Device Descriptor structure in the Info Block section. For details on
this value, see the "Hardware Revision" entries in the Device Descriptor structure (see Section 9.15).

9.17.2 Device Identification

The device type can be identified from the top-side marking on the device package. The device-specific errata
sheet describes these markings. For links to all of the errata sheets for the devices in this data sheet, see
Section 11.4.

A device identification value is also stored in the Device Descriptor structure in the Info Block section. For details
on this value, see the "Device ID" entries in the Device Descriptor structure (see Section 9.15).

9.17.3 JTAG Identification

Programming through the JTAG interface, including reading and identifying the JTAG ID, is described in MSP430
Programming With the JTAG Interface.
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10 Applications, Implementation, and Layout

Note

Information in the following applications sections is not part of the Tl component specification,
and Tl does not warrant its accuracy or completeness. TI's customers are responsible for
determining suitability of components for their purposes, as well as validating and testing their design
implementation to confirm system functionality.

10.1 Device Connection and Layout Fundamentals

This section discusses the recommended guidelines when designing with the MSP430 MCU. These guidelines
are to make sure that the device has proper connections for powering, programming, debugging, and optimum
analog performance.

10.1.1 Power Supply and Bulk Capacitors

Tl recommends connecting a combination of a 1-pyF plus a 100-nF low-ESR ceramic decoupling capacitor to
each AVCC and DVCC pin. Higher-value capacitors may be used but can impact supply rail ramp-up time.
Decoupling capacitors must be placed as close as possible to the pins that they decouple (within a few
millimeters). Additionally, TI recommends separated grounds with a single-point connection for better noise
isolation from digital to analog circuits on the board and to achieve high analog accuracy.

Digital Power
Supply Decoupling

Analog Power
Supply Decoupling

Figure 10-1. Power Supply Decoupling

For PVCC and PVSS, Tl recommends connecting a combination of a 1-uF plus a 22-pyF low-ESR ceramic
decoupling capacitor between the PVCC and PVSS pins and a serial 22-Q resistor to filter low-frequency noise
on the supply line (see Figure 10-2).

220
PvCC

> PVSS

USS module power supply decoupling

Figure 10-2. Power Supply Decoupling for PVCC and PVSS

10.1.2 External Oscillator (HFXT and LFXT)

Depending on the device variant (see Section 6), the device can support a low-frequency crystal (32 kHz) on
the LFXT pins, a high-frequency crystal on the HFXT pins, or both. External bypass capacitors for the crystal
oscillator pins are required.
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It is also possible to apply digital clock signals to the LFXIN and HFXIN input pins that meet the specifications
of the respective oscillator if the appropriate LFXTBYPASS or HFXTBYPASS mode is selected. In this case, the
associated LFXOUT and HFXOUT pins can be used for other purposes. If they are left unused, they must be
terminated according to Section 7.6.

Figure 10-3 shows a typical connection diagram.

LFXIN LFXOUT
or or
HFXIN HFXOUT

—{—

:O
\
\
{
§

‘\H
\\H

Figure 10-3. Typical Crystal Connection

See MSP430 32-kHz Crystal Oscillators for more information on selecting, testing, and designing a crystal
oscillator with MSP430 MCUs.

10.1.3 USS Oscillator (USSXT)

Depending on the device variant (see Section 6), the device with USS module supports a high-frequency crystal
on the USSXT pins. External bypass capacitors for the crystal oscillator pins are required. A 22-Q resistor is
required to be serially connected closely to the USSXTOUT pin as shown in Figure 10-4. The USSXT does not
support bypass mode, so it is not possible to apply digital clock signals to the USSXTIN pin. Never connect the
USSXTIN pin to a power supply line (AVCC, DVCC, or PVCC). If the USSXT pins are not used, terminate them
according to Section 7.6.

Figure 10-4 shows a typical connection diagram.
USSXTIN USSXTOUT

L D H%
L I

Cu

Figure 10-4. Typical Crystal Connection

Consider the following items for the USSXT layout:

»  Keep the trace of USSXTIN and USSXTOUT as short as possible. In case one must be longer than the other,
keep USSXTIN shorter because USSXTIN is more sensitive to EMI

* Make ground shield open ended without making a loop

» Use ground plane to reduce the impedance of ground trace

* In case USSXT_BOUT is used, keep coupling to USSXTIN and CHO_IN to a minimum

* In case USSXT_BOUT is feeding other clock or device inputs, apply a small capacitor (10 pF) as the line
termination load at end of line. This avoids reflection artifacts on sensitive inputs (for example, HFXTIN).

Figure 10-5 shows recommended PCB layout.
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Plane Plane
- I T |
i N < N\ Transducer Transducer
: ! o O N Interface Oscillator CL2 \ Interface
OS:;iZtor ! S\ \ Area Area \ Area
1 \ XTAL
: XTAL
i \ \ CL1 \ \
Ry 22R LS Y 22R \
Keep-out area for . (N — (|
. = Keep-out area for mEnEnEnisNeNE
P (;gnh ei;lg?\lnlss cf(a)nwen high currents down
P to next GND plane
L

USSXT_BOUT
-

USSXT_BOUT
-

Figure 10-5. USSXT PCB Layout Recommendation

10.1.4 Transducer Connection to the USS Module

Figure 10-6 shows a typical connection of two transducers to the USS output and input pins. Tl recommends 1%
error tolerance for the external termination resistors (Rterm0 and Rterm1) and the AC coupling capacitors (CacO
and Cac1). Typical value of the termination resistors is in the range of 150 to 400 Q, the AC coupling capacitors
are 1 to 2 nF. Actual values should be determined to meet the requirements of each application.

Rterm0
. — < CHO_OUT
Rterm1
I CH1_ouT
/] .3
TO T1
Cac0
H 5 CH1_IN
Cac1
H X CHO_IN

Figure 10-6. Typical Transducer Connection

10.1.5 Charge Pump Control of Input Multiplexer

Figure 10-7 shows the control logic of the charge pump control of the input multiplexer of CHx_IN. The charge
pump is enabled as long the SAPH_AMCNF.CPEO is high and during the arming of the SDHS. Use the CPDA
bit to control the CP during data acquisition.
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SAPH_ABCTL.CPDA
| ]

ASQ.acquisition

Charge
pump

ASQ.adc_arming enable

SAPH_AMCNF.CPEO m——
SDHS.adc_arming — |

SDHS.acquisition

en CP

CHO_IN
= To SDHS
CH1_IN

Figure 10-7. Control Of Input Multiplexer

MUX

10.1.6 JTAG

With the proper connections, the debugger and a hardware JTAG interface (such as the MSP-FET or MSP-
FET430UIF) can be used to program and debug code on the target board. In addition, the connections also
support the MSP-GANG production programmers, thus providing an easy way to program prototype boards, if
desired. Figure 10-8 shows the connections between the 14-pin JTAG connector and the target device required
to support in-system programming and debugging for 4-wire JTAG communication. Figure 10-9 shows the
connections for 2-wire JTAG mode (Spy-Bi-Wire).

The connections for the MSP-FET and MSP-FET430UIF interface modules and the MSP-GANG are identical.
Both can supply Vcc to the target board (through pin 2). In addition, the MSP-FET and MSP-FET430UIF
interface modules and MSP-GANG have a Vc-sense feature that, if used, requires an alternate connection (pin
4 instead of pin 2). The Vc-sense feature senses the local V¢ present on the target board (that is, a battery or
other local power supply) and adjusts the output signals accordingly. Figure 10-8 and Figure 10-9 show a jumper
block that supports both scenarios of supplying V¢ to the target board. If this flexibility is not required, the
desired V¢ connections may be hard-wired to eliminate the jumper block. Pins 2 and 4 must not be connected
at the same time.

For additional design information regarding the JTAG interface, see the MSP430 Hardware Tools User’s Guide.
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P Ir_n;o:ta_nt_to_co_n;ezt _____ : Voo
| | MSP430FRxxx
| |
O J1 (see Note A) |
| O | @ | AVCC/DVCC
—:—O J2 (see Note A) :
| I
R ! R1 ST~ T
47 kQ §
JTAG -
® RST/NMI/SBWTDIO
VCC TOOL 2 1 TDO/TDI TDO/TDI
VCC TARGET 4 3 TDI oI
O 5 [T™s ™S
TEST 8 7 TCK TCK
F 10 9 GND
RST
X— 12 11 ®
X w6l
TEST/SBWTCK
C1
22nF —— AVSS/DVSS
(see Note B)

Copyright © 2016, Texas Instruments Incorporated

A. If alocal target power supply is used, make connection J1. If power from the debug or programming adapter is used, make connection

J2.
B. The upper limit for C1 is 2.2 nF when using current Tl tools.

Figure 10-8. Signal Connections for 4-Wire JTAG Communication
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A. Make connection J1 if a local target power supply is used, or make connection J2 if the target is powered from the debug or
programming adapter.
B. The device RST/NMI/SBWTDIO pin is used in 2-wire mode for bidirectional communication with the device during JTAG access, and
any capacitance that is attached to this signal may affect the ability to establish a connection with the device. The upper limit for C1 is
2.2 nF when using current Tl tools.

Figure 10-9. Signal Connections for 2-Wire JTAG Communication (Spy-Bi-Wire)

10.1.7 Reset
The reset pin can be configured as a reset function (default) or as an NMI function in the SFRRPCR register.

In reset mode, the RST/NMI pin is active low, and a pulse applied to this pin that meets the reset timing
specifications generates a BOR-type device reset.

Setting SYSNMI causes the RST/NMI pin to be configured as an external NMI source. The external NMI is edge
sensitive, and its edge is selectable by SYSNMIIES. Setting the NMIIE enables the interrupt of the external NMI.
When an external NMI event occurs, the NMIIFG is set.

The RST/NMI pin can have either a pullup or pulldown resistor that is enabled or not. SYSRSTUP selects either
pullup or pulldown, and SYSRSTRE causes the pullup (default) or pulldown to be enabled (default) or not. If the
RST/NMI pin is unused, either select and enable the internal pullup or connect an external 47-kQ pullup resistor
to the RST/NMI pin with a 2.2-nF pulldown capacitor. The pulldown capacitor should not exceed 2.2 nF when
using devices with Spy-Bi-Wire interface in Spy-Bi-Wire mode or in 4-wire JTAG mode with Tl tools like FET
interfaces or GANG programmers.

See the MSP430FR58xx, MSP430FR59xx, and MSP430FR6xx Family User's Guide for more information on the
referenced control registers and bits.

10.1.8 Unused Pins

For details on the connection of unused pins, see Section 7.6.
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10.1.9 General Layout Recommendations

» Use proper grounding and short traces for the external crystal to reduce parasitic capacitance. See MSP430
32-kHz Crystal Oscillators for recommended layout guidelines.

» Place the proper bypass capacitors on DVCC, AVCC, and reference pins, if used.

* Avoid routing any high-frequency signal close to an analog signal line. For example, keep digital switching
signals (for example, PWM or JTAG signals) away from the oscillator circuit.

» Design for proper ESD level protection to protect the device from unintended high-voltage electrostatic
discharge. See MSP430 System-Level ESD Considerations for guidelines.

10.1.10 Do's and Don'ts

Tl recommends powering AVCC and DVCC pins from the same source. At a minimum, during power up,
power down, and device operation, the voltage difference between AVCC and DVCC must not exceed the limits
specified in Absolute Maximum Ratings. Exceeding the specified limits may cause malfunction of the device
including erroneous writes to RAM and FRAM.

10.2 Peripheral- and Interface-Specific Design Information

10.2.1 ADC12_B Peripheral

10.2.1.1 Partial Schematic

Figure 10-10 shows the recommended decoupling circuit when an external voltage reference is used. The
internal reference module has a maximum drive current as specified in the lowrer+) specification of the REF

module.
/ AVSS
VREF+/VEREF+

Using an "
External +
Positive
Reference
10 yF 4.7 uF
. > VEREF-
Using an
External +
Negative
Reference
10 yF 4.7 uF

Figure 10-10. ADC12_B Grounding and Noise Considerations

10.2.1.2 Design Requirements

As with any high-resolution ADC, follow appropriate PCB layout and grounding techniques to eliminate ground
loops, unwanted parasitic effects, and noise.

Ground loops are formed when return current from the ADC flows through paths that are common with other
analog or digital circuitry. If care is not taken, this current can generate small unwanted offset voltages that can
add to or subtract from the reference or input voltages of the ADC. The general guidelines in Section 10.1.1
combined with the connections shown in Section 10.2.1.1 prevent these offsets.

In addition to grounding, ripple and noise spikes on the power-supply lines that are caused by digital switching or
switching power supplies can corrupt the conversion result. TI recommends a noise-free design using separate
analog and digital ground planes with a single-point connection to achieve high accuracy.

The reference voltage must be a stable voltage for accurate measurements. The capacitor values that are
selected in the general guidelines filter out the high- and low-frequency ripple before the reference voltage enters
the device. In this case, the 10-uF capacitor buffers the reference pin and filters low-frequency ripple. A 4.7-uF
bypass capacitor filters out high-frequency noise.
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10.2.1.3 Detailed Design Procedure

For additional design information, see the application report Designing With the MSP430FR58xx, FR59xx,
FR68xx, and FR69xx ADC.

10.2.1.4 Layout Guidelines

Component that are shown in the partial schematic (see Figure 10-10) should be placed as close as possible
to the respective device pins. Avoid long traces, because they add additional parasitic capacitance, inductance,
and resistance on the signal.

Avoid routing analog input signals close to a high-frequency pin (for example, a high-frequency PWM), because
the high-frequency switching can be coupled into the analog signal.

If differential mode is used for the ADC12_B, the analog differential input signals must be routed closely together
to minimize the effect of noise on the resulting signal.

10.2.2 LCD_C Peripheral
10.2.2.1 Partial Schematic

Required LCD connections greatly vary by the type of display that is used (static or multiplexed), whether
external or internal biasing is used, and whether the on-chip charge pump is employed. Also, there is a fair
amount of flexibility as to how the segment (Sx) and common (COMXx) signals are connected to the MCU
which can provide unique benefits. Since LCD connections are application specific, it is difficult to provide a
single one-fits-all schematic. However, for examples and how-to circuit-design guidance, see Designing With
MSP430™ MCUs and Segment LCDs.

10.2.2.2 Design Requirements

Due to the flexibility of the LCD_C peripheral module to accommodate various segment-based LCDs,
selecting the right display for the application in combination with determining specific design requirements is
often an iterative process. Tl strongly recommends reviewing the LCD_C peripheral module chapter in the
MSP430FR58xx, MSP430FR59xx, and MSP430FR6xx Family User's Guide and Designing With MSP430™
MCUs and Segment LCDs during the initial design requirements and decision process.

10.2.2.3 Detailed Design Procedure

A major component in designing the LCD solution is determining the exact connections between the LCD_C
peripheral module and the display itself. Two basic design processes can be employed for this step, although in
reality often a balanced co-design approach is recommended:

« PCB layout-driven design, optimizing signal routing
» Software-driven design, focusing on optimizing computational overhead

For a detailed discussion of the design procedure as well as for design information regarding the LCD controller
input voltage selection including internal and external options, contrast control, and bias generation, see
Designing With MSP430™ MCUs and Segment LCDs and the LCD_C Controller chapter in the MSP430FR58xXx,
MSP430FR59xx, and MSP430FR6xx Family User's Guide.

10.2.2.4 Layout Guidelines

LCD segment (Sx) and common (COMXx) signal traces are continuously switching while the LCD is enabled and
should, therefore, be kept away from sensitive analog signals such as ADC inputs to prevent any noise coupling.
Tl recommends keeping the LCD signal traces on one side of the PCB grouped together in a bus-like fashion.
A ground plane underneath the LCD traces and guard traces employed alongside the LCD traces can provide
shielding.

If the internal charge pump of the LCD module is used, place the externally provided capacitor on the LCDCAP
pin as close as possible to the MCU. Connect the capacitor to the device using a short and direct trace and have
a solid connection to the ground plane that supplies the VSS pins of the MCU.

For an example layouts and a more in-depth discussion of this topic, see Designing With MSP430™ MCUs and
Segment LCDs.
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11 Device and Documentation Support
11.1 Getting Started

For more information on the MSP family of microcontrollers and the tools and libraries that are available to help
with your development, visit the MSP430™ ultra-low-power sensing & measurement MCUs overview.

11.2 Device Nomenclature

To designate the stages in the product development cycle, Tl assigns prefixes to the part numbers of all MSP
MCU devices. Each MSP MCU commercial family member has one of two prefixes: MSP or XMS. These
prefixes represent evolutionary stages of product development from engineering prototypes (XMS) through fully
qualified production devices (MSP).

XMS — Experimental device that is not necessarily representative of the final device's electrical specifications
MSP - Fully qualified production device

XMS devices are shipped against the following disclaimer:

"Developmental product is intended for internal evaluation purposes.”

MSP devices have been characterized fully, and the quality and reliability of the device have been demonstrated
fully. Tl's standard warranty applies.

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

Tl device nomenclature also includes a suffix with the device family name. This suffix indicates the temperature
range, package type, and distribution format. Figure 11-1 provides a legend for reading the complete device
name.

MSP 430 FR 6 0431 | PN R
) Feature Set T
Processor Family - Distribution Format
MCU Platform Packagin

Memory Type Temperature Range
Series
AES Optional: BSL

Oscillators, LEA FRAM

Processor Family MSP = Mixed-Signal Processor
XMS = Experimental Silicon
MCU Platform 430 = MSP430 16-Bit Low-Power Platform
Memory Type FR = FRAM
Series 6 = FRAM 6 Series up to 16 MHz with LCD
5 = FRAM 5 Series up to 16 MHz without LCD
Feature Set First Digit: Feature | Second Digit: Oscillators, LEA | Third Digit: FRAM (KB) | Optional Fourth Digit: BSL
0=USS 4 = HFXT + LFXT + LEA+ USS | 7 =256 1=1C
3 = HFXT + LFXT + LEA 6 =192 No value = UART
2 = HFXT + LFXT 5=128
1=LFXT 4 =96
3=64
1=32
Temperature Range | | =-40°C to 85°C
Packaging http://www.ti.com/packaging
Distribution Format | T = Small reel
R = Large reel
No markings = Tube or tray

Figure 11-1. Device Nomenclature
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11.3 Tools and Software

Table 11-1 lists the debug features supported by these microcontrollers.

For details on the available features, see the Code Composer Studio™ IDE for MSP430™ MCUs User's Guide.
For further usage information, see these application reports:

Advanced Debugging Using the Enhanced Emulation Module (EEM) With Code Composer Studio™ IDE
MSP430™ Advanced Power Optimizations: ULP Advisor™ and EnergyTrace™ Technology

Table 11-1. Hardware Features

BREAK- RANGE LPMx.5
MSP 4-WIRE 2-WIRE CLOCK STATE TRACE
POINTS BREAK- DEBUGGING | EnergyTrace++™
ARCHITECTURE JTAG JTAG N) POINTS CONTROL | SEQUENCER | BUFFER SUPPORT
MSP430Xv2 Yes Yes 3 Yes Yes No No Yes Yes

Design Kits and Evaluation Modules
EVM430-FR6043

The EVM430-FR6043 is a development platform to evaluate the performance of the MSP430FR6043 MCU for
ultrasonic sensing applications.

MSP-TS430PN80C

The MSP-TS430PN80C is a stand-alone 80-pin ZIF socket target board used to program and debug the
MSP430 MCU in-system through the JTAG interface or the Spy Bi-Wire (2-wire JTAG) protocol.

Ultrasonic Sensing Subsystem Reference Design for Gas Flow Measurement

This reference design helps designers develop an ultrasonic gas-metering subsystem using an integrated,
ultrasonic sensing solution (USS) module, which provides superior metrology performance, with low-power
consumption and maximum integration.

Software
MSP430Ware™ Software

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

MSP430FR604x, MSP430FR504x Code Examples

C code examples are available for every MSP device that configures each of the integrated peripherals for
various application needs.

MSP Driver Library

The abstracted API of MSP Driver Library provides easy-to-use function calls that free you from directly
manipulating the bits and bytes of the MSP430 hardware. Thorough documentation is delivered through a helpful
API Guide, which includes details on each function call and the recognized parameters. Developers can use
Driver Library functions to write complete projects with minimal overhead.

MSP EnergyTrace™ Technology

EnergyTrace technology for MSP430 microcontrollers is an energy-based code analysis tool that measures and
displays the energy profile of the application and helps to optimize it for ultra-low-power consumption.
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ULP (Ultra-Low Power) Advisor

ULP Advisor™ software is a tool for guiding developers to write more efficient code to fully use the unique
ultra-low-power features of MSP430 and MSP432™ microcontrollers. Aimed at both experienced and new
microcontroller developers, ULP Advisor checks your code against a thorough ULP checklist to help minimize
the energy consumption of your application. At build time, ULP Advisor provides notifications and remarks to
highlight areas of your code that can be further optimized for lower power.

FRAM Embedded Software Utilities for MSP Ultra-Low-Power Microcontrollers

The FRAM Utilities is designed to grow as a collection of embedded software utilities that leverage the ultra-low-
power and virtually unlimited write endurance of FRAM. The utilities are available for MSP430FRxx FRAM
microcontrollers and provide example code to help start application development. Included utilities include
Compute Through Power Loss (CTPL). CTPL is utility API set that enables ease of use with LPMx.5 low-power
modes and a powerful shutdown mode that allows an application to save and restore critical system components
when a power loss is detected.

IEC60730 Software Package

The IEC60730 MSP430 software package was developed to help customers comply with IEC 60730-1:2010
(Automatic Electrical Controls for Household and Similar Use — Part 1: General Requirements) for up to
Class B products, which includes home appliances, arc detectors, power converters, power tools, e-bikes, and
many others. The IEC60730 MSP430 software package can be embedded in customer applications running
on MSP430 MCUs to help simplify the customer's certification efforts of functional safety-compliant consumer
devices to IEC 60730-1:2010 Class B.

Fixed Point Math Library for MSP

The MSP IQmath and Qmath Libraries are a collection of highly optimized and high-precision mathematical
functions for C programmers to seamlessly port a floating-point algorithm into fixed-point code on MSP430 and
MSP432 devices. These routines are typically used in computationally intensive real-time applications where
optimal execution speed, high accuracy, and ultra-low energy are critical. By using the IQmath and Qmath
libraries, it is possible to achieve execution speeds considerably faster and energy consumption considerably
lower than equivalent code written using floating-point math.

Floating Point Math Library for MSP430

Continuing to innovate in the low-power and low-cost microcontroller space, Tl provides MSPMATHLIB.
Leveraging the intelligent peripherals of our devices, this floating-point math library of scalar functions that are up
to 26 times faster than the standard MSP430 math functions. Mathlib is easy to integrate into your designs. This
library is free and is integrated in both Code Composer Studio IDE and IAR Embedded Workbench IDE.

Development Tools
Code Composer Studio™ Integrated Development Environment for MSP Microcontrollers

Code Composer Studio (CCS) integrated development environment (IDE) supports all MSP microcontroller
devices. CCS comprises a suite of embedded software utilities used to develop and debug embedded
applications. It includes an optimizing C/C++ compiler, source code editor, project build environment, debugger,
profiler, and many other features.

IAR Embedded Workbench® IDE

IAR Embedded Workbench IDE for MSP430 MCUs is a complete C/C++ compiler toolchain for building and
debugging embedded applications based on MSP430 microcontrollers. The debugger can be used for source
and disassembly code with support for complex code and data breakpoints. It also provides a hardware
simulator that allows debugging without a physical target connected.
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Uniflash Standalone Flash Tool

CCS Uniflash is a stand-alone tool used to program on-chip flash memory on TI MCUs. Uniflash has a GUI,
command line, and scripting interface. Uniflash is a software tool available by Tl Cloud Tools or desktop
application download from the Tl web page.

MSP MCU Programmer and Debugger

The MSP-FET is a powerful emulation development tool — often called a debug probe — which lets users quickly
begin application development on MSP low-power MCUs. Creating MCU software usually requires downloading
the resulting binary program to the MSP device for validation and debugging.

MSP-GANG Production Programmer

The MSP Gang Programmer is an MSP430 or MSP432 device programmer that can program up to eight
identical MSP430 or MSP432 flash or FRAM devices at the same time. The MSP Gang Programmer connects
to a host PC using a standard RS-232 or USB connection and provides flexible programming options that let the
user fully customize the process.

TIREX Resource Explorer (TIRex)

An online portal to examples, libraries, executables, and documentation for your device and development board.
TIRex can be accessed directly in Code Composer Studio IDE or in Tl Cloud Tools.

TI Cloud Tools

Start development immediately on dev.ti.com. Begin by using the Resource Explorer interface to quickly find all
the files you need. Then, edit, build, and debug embedded applications in the cloud, using industry-leading Code
Composer Studio Cloud IDE.

GCC - Compiler for MSP

MSP430 and MSP432 GCC open source packages are complete debugger and open source C/C++ compiler
toolchains for building and debugging embedded applications based on MSP430 and MSP432 microcontrollers.
These free GCC compilers support all MSP430 and MSP432 devices without code size limitations. In addition,
these compilers can be used stand-alone from the command-line or within Code Composer Studio v6.0 or later.
Get started today whether you are using a Windows®, Linux®, or OS X® environment.

11.4 Documentation Support

The following documents describe the MSP430FR604x and MSP430FR504x MCUs. Copies of these documents
are available on the Internet at www.ti.com.

Receiving Notification of Document Updates

To receive notification of documentation updates—including silicon errata—go to the product folder for your
device on ti.com (for example, MSP430FR6043). In the upper right corner, click the "Alert me" button. This
registers you to receive a weekly digest of product information that has changed (if any). For change details,
check the revision history of any revised document.

Errata

MSP430FR6043 Device Errata

Describes the known exceptions to the functional specifications for each silicon revision of this device.
MSP430FR60431 Device Errata

Describes the known exceptions to the functional specifications for each silicon revision of this device.
MSP430FR6041 Device Errata

Describes the known exceptions to the functional specifications for each silicon revision of this device.
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MSP430FR5043 Device Errata

Describes the known exceptions to the functional specifications for each silicon revision of this device.
MSP430FR50431 Device Errata

Describes the known exceptions to the functional specifications for each silicon revision of this device.
MSP430FR5041 Device Errata

Describes the known exceptions to the functional specifications for each silicon revision of this device.
User's Guides

MSP430FR58xx, MSP430FR59xx, and MSP430FR6xx Family User's Guide

Detailed description of all modules and peripherals available in this device family.

MSP430 FRAM Devices Bootloader (BSL) User's Guide

The bootloader (BSL) on MSP430 MCUs lets users communicate with embedded memory in the MSP430 MCU
during the prototyping phase, final production, and in service. Both the programmable memory (FRAM memory)
and the data memory (RAM) can be modified as required.

MSP430 Programming With the JTAG Interface

This document describes the functions that are required to erase, program, and verify the memory module
of the MSP430 flash-based and FRAM-based microcontroller families using the JTAG communication port. In
addition, it describes how to program the JTAG access security fuse that is available on all MSP430 devices.
This document describes device access using both the standard 4-wire JTAG interface and the 2-wire JTAG
interface, which is also referred to as Spy-Bi-Wire (SBW).

MSP430 Hardware Tools User's Guide

This manual describes the hardware of the TI MSP-FET430 Flash Emulation Tool (FET). The FET is the
program development tool for the MSP430 ultra-low-power microcontroller. Both available interface types, the
parallel port interface and the USB interface, are described.

Application Reports
MSP430 32-kHz Crystal Oscillators

Selection of the right crystal, correct load circuit, and proper board layout are important for a stable crystal
oscillator. This application report summarizes crystal oscillator function and explains the parameters to select the
correct crystal for MSP430 ultra-low-power operation. In addition, hints and examples for correct board layout
are given. The document also contains detailed information on the possible oscillator tests to ensure stable
oscillator operation in mass production.

MSP430 System-Level ESD Considerations

System-level ESD has become increasingly demanding with silicon technology scaling towards lower voltages
and the need for designing cost-effective and ultra-low-power components. This application report addresses
three different ESD topics to help board designers and OEMs understand and design robust system-level
designs. A few real-world system-level ESD protection design examples and their results are also discussed.

11.5 Support Resources

TI E2E™ support forums are an engineer's go-to source for fast, verified answers and design help — straight
from the experts. Search existing answers or ask your own question to get the quick design help you need.

MSP Academy is a starting point for all developers to learn about the MSP430 MCU Platform, which provides
affordable solutions for many applications. MSP Academy delivers easy-to-use training modules that span a
wide range of topics and LaunchPad development kits in the MSP430 MCU portfolio.

Linked content is provided "AS IS" by the respective contributors. They do not constitute Tl specifications and do
not necessarily reflect Tl's views; see TlI's Terms of Use.
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11.6 Trademarks

MSP430Ware™, EnergyTrace™, ULP Advisor™, MSP432™, Code Composer Studio™, and TI E2E™ are
trademarks of Texas Instruments.

Arm® and Cortex® are registered trademarks of Arm Limited.

Microsoft® and Windows® are registered trademarks of Microsoft Corporation.

IAR Embedded Workbench® is a registered trademark of IAR Systems.

Linux® is a registered trademark of Linus Torvalds.

OS X® s a registered trademark of Apple, Inc.

All trademarks are the property of their respective owners.

11.7 Electrostatic Discharge Caution
This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled

‘ with appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

‘Q \ ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may
be more susceptible to damage because very small parametric changes could cause the device not to meet its published
specifications.

11.8 Glossary
Tl Glossary This glossary lists and explains terms, acronyms, and definitions.

11.9 Export Control Notice

Recipient agrees to not knowingly export or re-export, directly or indirectly, any product or technical data (as
defined by the U.S., EU, and other Export Administration Regulations) including software, or any controlled
product restricted by other applicable national regulations, received from disclosing party under nondisclosure
obligations (if any), or any direct product of such technology, to any destination to which such export or re-export
is restricted or prohibited by U.S. or other applicable laws, without obtaining prior authorization from U.S.
Department of Commerce and other competent Government authorities to the extent required by those laws.
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12 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)
MSP430FR50411PM Active Production LQFP (PM) | 64 160 | JEDEC Yes NIPDAU Level-3-260C-168 HR -40to 85 FR5041
TRAY (10+1)
MSP430FR50411PM.A Active Production LQFP (PM) | 64 160 | JEDEC Yes NIPDAU Level-3-260C-168 HR -40to 85 FR5041
TRAY (10+1)

MSP430FR5041IPMR Active Production LQFP (PM) | 64 1000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40to 85 FR5041
MSP430FR5041IPMR.A Active Production LQFP (PM) | 64 1000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40to 85 FR5041
MSP430FR5041IRGCR Active Production VQFN (RGC) | 64 2000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 85 FR5041

MSP430FR5041IRGCR.A Active Production VQFN (RGC) | 64 2000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 85 FR5041

MSP430FR5041IRGCT Active Production VQFN (RGC) | 64 250 | SMALL T&R Yes NIPDAU Level-3-260C-168 HR -40to 85 FR5041
MSP430FR5041IRGCT.A Active Production VQFN (RGC) | 64 250 | SMALL T&R Yes NIPDAU Level-3-260C-168 HR -40to 85 FR5041

MSP430FR50431I1PM Active Production LQFP (PM) | 64 160 | JEDEC Yes NIPDAU Level-3-260C-168 HR -40 to 85 FR50431

TRAY (10+1)
MSP430FR50431IPM.A Active Production LQFP (PM) | 64 160 | JEDEC Yes NIPDAU Level-3-260C-168 HR -40to 85 FR50431
TRAY (10+1)

MSP430FR50431IPMR Active Production LQFP (PM) | 64 1000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40to 85 FR50431
MSP430FR50431IPMR.A Active Production LQFP (PM) | 64 1000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 85 FR50431
MSP430FR50431IRGCR Active Production VQFN (RGC) | 64 2000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40to 85 FR50431

MSP430FR50431IRGCR.A Active Production VQFN (RGC) | 64 2000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40to 85 FR50431

MSP430FR50431IRGCT Active Production VQFN (RGC) | 64 250 | SMALL T&R Yes NIPDAU Level-3-260C-168 HR -40to 85 FR50431

MSP430FR50431IRGCT.A Active Production VQFN (RGC) | 64 250 | SMALL T&R Yes NIPDAU Level-3-260C-168 HR -40 to 85 FR50431

MSP430FR5043IPM Active Production LQFP (PM) | 64 160 | JEDEC Yes NIPDAU Level-3-260C-168 HR -40to 85 FR5043
TRAY (10+1)

MSP430FR5043IPM.A Active Production LQFP (PM) | 64 160 | JEDEC Yes NIPDAU Level-3-260C-168 HR -40 to 85 FR5043
TRAY (10+1)

MSP430FR5043IPMR Active Production LQFP (PM) | 64 1000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 85 FR5043
MSP430FR5043IPMR.A Active Production LQFP (PM) | 64 1000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40to 85 FR5043
MSP430FR5043IRGCR Active Production VQFN (RGC) | 64 2000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40to 85 FR5043

MSP430FR5043IRGCR.A Active Production VQFN (RGC) | 64 2000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40to 85 FR5043

MSP430FR5043IRGCT Active Production VQFN (RGC) | 64 250 | SMALL T&R Yes NIPDAU Level-3-260C-168 HR -40 to 85 FR5043

MSP430FR5043IRGCT.A Active Production VQFN (RGC) | 64 250 | SMALL T&R Yes NIPDAU Level-3-260C-168 HR -40to 85 FR5043
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Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
(1) %) @3) Ball material Peak reflow (6)
4 (©)]
MSP430FR6041IPN Active Production LQFP (PN) | 80 119 | JEDEC Yes NIPDAU Level-3-260C-168 HR -40 to 85 FR6041
TRAY (10+1)
MSP430FR60411PN.A Active Production LQFP (PN) | 80 119 | JEDEC Yes NIPDAU Level-3-260C-168 HR -40 to 85 FR6041
TRAY (10+1)
MSP430FR6041IPNR Active Production LQFP (PN) | 80 1000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 85 FR6041
MSP430FR6041IPNR.A Active Production LQFP (PN) | 80 1000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40to 85 FR6041
MSP430FR60431IPN Active Production LQFP (PN) | 80 119 | JEDEC Yes NIPDAU Level-3-260C-168 HR -40 to 85 FR60431
TRAY (10+1)
MSP430FR60431IPN.A Active Production LQFP (PN) | 80 119 | JEDEC Yes NIPDAU Level-3-260C-168 HR -40 to 85 FR60431
TRAY (10+1)
MSP430FR60431IPNR Active Production LQFP (PN) | 80 1000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 85 FR60431
MSP430FR60431IPNR.A Active Production LQFP (PN) | 80 1000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 85 FR60431
MSP430FR6043IPN Active Production LQFP (PN) | 80 119 | JEDEC Yes NIPDAU Level-3-260C-168 HR -40 to 85 FR6043
TRAY (10+1)
MSP430FR6043IPN.A Active Production LQFP (PN) | 80 119 | JEDEC Yes NIPDAU Level-3-260C-168 HR -40 to 85 FR6043
TRAY (10+1)
MSP430FR6043IPNR Active Production LQFP (PN) | 80 1000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 85 FR6043
MSP430FR6043IPNR.A Active Production LQFP (PN) | 80 1000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 85 FR6043

@ status: For more details on status, see our product life cycle.

@ Mmaterial type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the TI RoHS Statement for additional information and value definition.

@ | ead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

® part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.
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Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the previous line and the two
combined represent the entire part marking for that device.

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
A |<— KO 4 P1—p|
IR T
& © o|( Bo W
el |
L & Diameter ' '
Cavity +| A0 |¢
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
T Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O O O O 0 0 Sprocket Holes
| |
T T
Nt I )
A-—q-—4 t-—T--1
Q3 1 Q4 Q3 | User Direction of Feed
% |
T T
=
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
MSP430FR5041IPMR LQFP PM 64 1000 330.0 24.4 13.0 | 13.0 2.1 16.0 | 24.0 Q2
MSP430FR5041IRGCR | VQFN RGC 64 2000 330.0 16.4 9.3 9.3 11 12.0 | 16.0 Q2
MSP430FR5041IRGCT | VQFN RGC 64 250 180.0 16.4 9.3 9.3 1.1 12.0 | 16.0 Q2
MSP430FR50431IPMR LQFP PM 64 1000 330.0 24.4 13.0 | 13.0 2.1 16.0 | 24.0 Q2
MSP430FR50431IRGCR | VQFN RGC 64 2000 330.0 16.4 9.3 9.3 1.1 12.0 | 16.0 Q2
MSP430FR50431IRGCT | VQFN RGC 64 250 180.0 16.4 9.3 9.3 11 12.0 | 16.0 Q2
MSP430FR5043IPMR LQFP PM 64 1000 330.0 24.4 13.0 | 13.0 2.1 16.0 | 240 Q2
MSP430FR5043IRGCR | VQFN RGC 64 2000 330.0 16.4 9.3 9.3 1.1 12.0 | 16.0 Q2
MSP430FR5043IRGCT | VQFN RGC 64 250 180.0 16.4 9.3 9.3 1.1 12.0 | 16.0 Q2
MSP430FR6043IPNR LQFP PN 80 1000 330.0 24.4 15.0 | 150 | 2.1 | 20.0 | 24.0 Q2
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TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
MSP430FR5041IPMR LQFP PM 64 1000 336.6 336.6 41.3
MSP430FR5041IRGCR VQFN RGC 64 2000 367.0 367.0 38.0
MSP430FR5041IRGCT VQFN RGC 64 250 210.0 185.0 35.0
MSP430FR50431IPMR LQFP PM 64 1000 336.6 336.6 41.3
MSP430FR50431IRGCR VQFN RGC 64 2000 367.0 367.0 38.0
MSP430FR50431IRGCT VQFN RGC 64 250 210.0 185.0 35.0
MSP430FR5043IPMR LQFP PM 64 1000 336.6 336.6 41.3
MSP430FR5043IRGCR VQFN RGC 64 2000 367.0 367.0 38.0
MSP430FR5043IRGCT VQFN RGC 64 250 210.0 185.0 35.0
MSP430FR6043IPNR LQFP PN 80 1000 350.0 350.0 43.0
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PACKAGE MATERIALS INFORMATION
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TRAY
L - Outer tray length without tabs KO -
< > Outer
tray
+++++++++++++++ height
i+ +++++++++++++ 4] '
= W-
+++++++++++++ 4+ A+ ||owe
+++++++++F 4+ S
= width
He s 1
F+++++4++++++++ .
] T [
i ||
P1 - Tray unit pocket pitch
CW - Measurement for tray edge (Y direction) to corner pocket center
— CL - Measurement for tray edge (X direction) to corner pocket center
Chamfer on Tray corner indicates Pin 1 orientation of packed units.
*All dimensions are nominal
Device Package | Package | Pins | SPQ |Unit array Max L (mm)] W KO P1 CL Ccw
Name Type matrix [temperature (mm) | (um) [ (mm) | (mm) [ (mm)
(°C)
MSP430FR5041IPM PM LQFP 64 | 160 | 8X20 150 315 [1359] 7620 | 152 | 13.1 | 13
MSP430FR5041IPM.A PM LQFP 64 | 160 | 8X20 150 315 |135.9 | 7620 | 15.2 | 131 | 13
MSP430FR50431IPM PM LQFP 64 | 160 | 8X20 150 315 | 1359 | 7620 | 15.2 | 13.1 | 13
MSP430FR50431IPM.A|  PM LQFP 64 | 160 | 8X20 150 315 [135.9] 7620 [ 152 | 13.1 | 13
MSP430FR5043IPM PM LQFP 64 | 160 | 8X20 150 315 [1359] 7620 | 152 | 13.1 | 13
MSP430FR5043IPM.A PM LQFP 64 | 160 | 8X20 150 315 |135.9 | 7620 | 15.2 | 131 | 13
MSP430FR6041IPN PN LQFP 80 | 119 | 7x17 150 315 |135.9 | 7620 | 17.9 | 14.3 [ 13.95
MSP430FR6041IPN.A PN LQFP 80 | 119 | 7x17 150 315 [135.9] 7620 | 17.9 | 14.3 [13.95
MSP430FR60431IPN PN LQFP 80 | 119 | 7x17 150 315 [ 1359|7620 | 17.9 | 14.3 [13.95
MSP430FR60431IPN.A PN LQFP 80 | 119 | 7x17 150 315 |135.9 | 7620 | 17.9 | 14.3 [ 13.95
MSP430FR6043IPN PN LQFP 80 | 119 | 7x17 150 315 |135.9 | 7620 | 17.9 | 14.3 [ 13.95
MSP430FR6043IPN.A PN LQFP 80 | 119 | 7x17 150 315 [135.9] 7620 | 17.9 | 14.3 [13.95
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PMOO64A

PACKAGE OUTLINE
LQFP - 1.6 mm max height

PLASTIC QUAD FLATPACK
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4215162/A 03/2017

NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing

per ASME Y14.5M.
2. This drawing is subject to change without notice.

3. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not

exceed 0.15 mm per side.
4. Reference JEDEC registration MS-026.
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EXAMPLE BOARD LAYOUT
PMOO64A LQFP - 1.6 mm max height

PLASTIC QUAD FLATPACK
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4215162/A 03/2017

NOTES: (continued)

5. Publication IPC-7351 may have alternate designs.
6. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
7. For more information, see Texas Instruments literature number SLMA004 (www.ti.com/lit/sima004).
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EXAMPLE STENCIL DESIGN
PMOO64A LQFP - 1.6 mm max height

PLASTIC QUAD FLATPACK

HHHHHHHHHHHHHHHH ********* :
i ——:
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== | = |
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| | |
S

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE:8X

4215162/A 03/2017

NOTES: (continued)

8. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
9. Board assembly site may have different recommendations for stencil design.
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GENERIC PACKAGE VIEW
RGC 64 VQFN - 1 mm max height

9x 9, 0.5 mm pitch PLASTIC QUAD FLATPACK - NO LEAD

Images above are just a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.

4224597/A
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PACKAGE OUTLINE
RGC0064B VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD
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4219010/A 10/2018

NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

2. This drawing is subject to change without notice.

3. The package thermal pad must be soldered to the printed circuit board for thermal and mechanical performance.
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EXAMPLE BOARD LAYOUT
VQFN - 1 mm max height
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(4.25)
SYMM SEE SOLDER MASK
64X (0.6) o4 ¢ 49 DETAIL
ey | B0goosoeoaposd —— — .
N cH | s
_ _ | | |
60X (0.5 -
% ) e | Co
0 @— - —|]-—-—- —-
‘ T
(R0.05) TYP % | | ‘ (118) TYP
. o o ! 0 —e—-—-—Li— ©8)
SYMM | 65
¢— | —-—-— |- - b -
[:I:] Lo o ! o0 —a+— [:I:] (0.695) TYP
LT g
| |
0O p—eo— |
©@0.2) TYP |
via D i | I D
|
S,
|
16 () ! | (D33
| |
_ . _1
0008008008090080
17
| (0.695) TYP —|=—= ! |
| I @18 TYP |
L 8.8) 4
LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE: 10X
0.07 MIN
ALL 297 MAX ﬁ r ALL AROUND T
g METAL UNDER
METAL EDGE ! \/SOLDER MASK
EXPOSED METAL ™\_soLDER MASK EXPOSED—/ T SOLDER MASK
OPENING METAL | OPENING
NON SOLDER MASK
DEFINED SOLDER MASK DEFINED
(PREFERRED)
SOLDER MASK DETAILS
4219010/A 10/2018

NOTES: (continued)
4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature

number SLUA271 (www.ti.com/lit/slua271).
5. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown

on this view. It is recommended that vias under paste be filled, plugged or tented.

/]
INSTRUMENTS
www.ti.com



EXAMPLE STENCIL DESIGN
RGC0064B VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD
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NOTES: (continued)

6. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
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PNOOSOA

PACKAGE OUTLINE
LQFP - 1.6 mm max height

PLASTIC QUAD FLATPACK
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NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing

per ASME Y14.5M.
2. This drawing is subject to change without notice.
3. Reference JEDEC registration MS-026.
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EXAMPLE BOARD LAYOUT
PNOOSOA LQFP - 1.6 mm max height
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NOTES: (continued)

4. Publication IPC-7351 may have alternate designs.
5. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
6. For more information, see Texas Instruments literature number SLMAO04 (www.ti.com/lit/sima004).
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EXAMPLE STENCIL DESIGN
PNOOSOA LQFP - 1.6 mm max height
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NOTES: (continued)

7. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
8. Board assembly site may have different recommendations for stencil design.
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATA SHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you
will fully indemnify Tl and its representatives against, any claims, damages, costs, losses, and liabilities arising out of your use of these
resources.

TI’'s products are provided subject to TI’s Terms of Sale or other applicable terms available either on ti.com or provided in conjunction with
such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable warranties or warranty disclaimers for
Tl products.

Tl objects to and rejects any additional or different terms you may have proposed.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2025, Texas Instruments Incorporated
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