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MSP430FR235x, MSP430FR215x Mixed-Signal Microcontrollers

1 Device Overview

1.1 Features

Embedded microcontroller — Configurable high-power and low-power

— 16-bit RISC architecture up to 24 MHz
— Extended temperature: —40°C to 105°C
— Wide supply voltage range from 3.6 V down to
1.8 V (operational voltage is restricted by SVS
levels, see Vgysh. and Vgysys in PMM, SVS and
BOR)
Optimized low-power modes (at 3 V)
— Active mode: 142 pA/MHz
— Standby:
— LPM3 with 32768-Hz crystal: 1.43 pA (with
SVS enabled)
— LPM3.5 with 32768-Hz crystal: 620 nA (with
SVS enabled)

— Shutdown (LPM4.5): 42 nA (with SVS disabled)

Low-power ferroelectric RAM (FRAM)

— Up to 32KB of nonvolatile memory

— Built-in error correction code (ECC)

— Configurable write protection

— Unified memory of program, constants, and
storage

— 10%® write cycle endurance

— Radiation resistant and nonmagnetic

Ease of use

— 20KB ROM library includes driver libraries and
FFT libraries

High-performance analog

— One 12-channel 12-bit analog-to-digital
converter (ADC)
— Internal shared reference (1.5, 2.0, or 2.5 V)
— Sample-and-hold 200 ksps

— Two enhanced comparators (eCOMP)

— Integrated 6-bit digital-to-analog converter
(DAC) as reference voltage

— Programmable hysteresis

— Configurable high-power and low-power
modes

— One with fast 100-ns response time

— One with 1-us response time with 1.5-pA low
power

— Four smart analog combo (SAC-L3)
(MSP430FR235x devices only)
— Supports General-Purpose Operational
Amplifier (OA)
— Rail-to-rail input and output
— Multiple input selections

modes
— Configurable PGA mode supports
— Noninverting mode: x1, x2, x3, x5, x9,
x17, x26, x33
— Inverting mode: x1, x2, x4, x8, x16, x25,
x32
— Built-in 12-bit reference DAC for offset and
bias settings
— 12-bit voltage DAC mode with optional
references
Intelligent digital peripherals
— Three 16-bit timers with three capture/compare
registers each (Timer_B3)
— One 16-bit timer with seven capture/compare
registers each (Timer_B7)
— One 16-bit counter-only real-time clock counter
(RTC)
— 16-bit cyclic redundancy checker (CRC)
— Interrupt compare controller (ICC) enabling
nested hardware interrupts
— 32-bit hardware multiplier (MPY32)
— Manchester codec (MFM)
Enhanced serial communications
— Two enhanced USCI_A (eUSCI_A) modules
support UART, IrDA, and SPI
— Two enhanced USCI_B (eUSCI_B) modules
support SPI and 1°C
Clock system (CS)
— On-chip 32-kHz RC oscillator (REFO)
— On-chip 24-MHz digitally controlled oscillator
(DCO) with frequency locked loop (FLL)
— #19% accuracy with on-chip reference at room
temperature
— On-chip very low-frequency 10-kHz oscillator
(VLO)
— On-chip high-frequency modulation oscillator
(MODOSC)
— External 32-kHz crystal oscillator (LFXT)
— External high-frequency crystal oscillator up to
24 MHz (HFXT)
— Programmable MCLK prescaler of 1 to 128
— SMCLK derived from MCLK with programmable
prescaler of 1, 2, 4, or 8

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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» General input/output and pin functionality » Family members (also see Device Comparison)
— 44 1/0s on 48-pin package — MSP430FR2355:; 32KB of program FRAM,
— 32 interrupt pins (P1, P2, P3, and P4) can wake 512 bytes of data FRAM, 4KB of RAM
MCU from LPMs — MSP430FR2353: 16KB of program FRAM,
+ Development tools and software (also see Tools 512 bytes of data FRAM, 2KB of RAM
and Software) — MSP430FR2155: 32KB of program FRAM,
— LaunchPad™ development kit 512 bytes of data FRAM, 4KB of RAM
(MSP-EXP430FR2355) — MSP430FR2153: 16KB of program FRAM,
— Target development board (MSP-TS43048PT) 512 bytes of data FRAM, 2KB of RAM
— Free professional development environments « Package options

1.2

1.3

— 48-pin: LQFP (PT)

— 40-pin: VQFN (RHA)

— 38-pin: TSSOP (DBT)
— 32-pin: VQFN (RSM)

Applications
Smoke and heat detectors » Wired industrial communications
Sensor transmitters e Optical modules
Circuit breakers e Battery pack management
Sensor signal conditioning e Toll tags

Description

MSP430FR215x and MSP430FR235x microcontrollers (MCUs) are part of the MSP430™ MCU value line
portfolio of ultra-low-power low-cost devices for sensing and measurement applications. MSP430FR235x
MCUs integrate four configurable signal-chain modules called smart analog combos, each of which can be
used as a 12-bit DAC or a configurable programmable-gain Op-Amp to meet the specific needs of a
system while reducing the BOM and PCB size. The device also includes a 12-bit SAR ADC and two
comparators. The MSP430FR215x and MSP430FR235x MCUs all support an extended temperature
range from —40° up to 105°C, so higher temperature industrial applications can benefit from the devices'
FRAM data-logging capabilities. The extended temperature range allows developers to meet requirements
of applications such as smoke detectors, sensor transmitters, and circuit breakers.

The MSP430FR215x and MSP430FR235x MCUs feature a powerful 16-bit RISC CPU, 16-bit registers,
and a constant generator that contribute to maximum code efficiency. The digitally controlled oscillator
(DCO) allows the device to wake up from low-power modes to active mode typically in less than 10 ps.

The MSP430 ultra-low-power (ULP) FRAM microcontroller platform combines uniquely embedded FRAM
and a holistic ultra-low-power 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 nonvolatile behavior of flash.

MSP430FR215x and MSP430FR235x 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-EXP430FR2355 LaunchPad™ development kit and the MSP-TS430PT48 48-pin
target development board. Tl also provides free MSP430Ware™ software, which is available as a
component of Code Composer Studio™ IDE desktop and cloud versions within TI Resource Explorer. The
MSP430 MCUs are also supported by extensive online collateral, training, and online support through the
E2E™ support forums.

For complete module descriptions, see the MSP430FR4xx and MSP430FR2xx Family User's Guide.
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Device Information®

OPERATING
TEMPERATURE

PART NUMBER PACKAGE BODY SIZE®@

MSP430FR2355TPT

MSP430FR2353TPT

MSP430FR2155TPT

MSP430FR2153TPT

MSP430FR2355TRHA
MSP430FR2353TRHA
MSP430FR2155TRHA
MSP430FR2153TRHA
MSP430FR2355TDBT
MSP430FR2353TDBT
MSP430FR2155TDBT
MSP430FR2153TDBT
MSP430FR2355TRSM
MSP430FR2353TRSM
MSP430FR2155TRSM
MSP430FR2153TRSM

—40°C to 105°C LQFP (48) 7 mmx 7 mm

—40°C to 105°C VQFN (40) 6 mm x 6 mm

—40°C to 105°C TSSOP (38) 9.7 mm x 4.4 mm

—40°C to 105°C VQFN (32) 4 mm x 4 mm

(1) For the most current part, package, and ordering information, see the Package Option Addendum in
Section 9, or see the Tl web site at www.ti.com.

(2) The sizes shown here are approximations. For the package dimensions with tolerances, see the
Mechanical Data in Section 9.

CAUTION

System-level ESD protection must be applied in compliance with the device-
level ESD specification to prevent electrical overstress or disturbing of data or
code memory. See MSP430™ System-Level ESD Considerations for more
information.
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1.4 Functional Block Diagrams
Figure 1-1 shows the MSP430FR235x functional block diagram.

XIN XOUT P1.x, P2.x P3.x, P4.x P5.x, P6.x
t 4 4 4
v v
HF, LE XT1 ADC saco, sact1| | ecompo 110 Ports 110 Ports 10 Ports
77777 FRAM RAM SAC2, SAC3 eCOMP1 P1, P2 P3, P4 P5 P6
bvee — ¥ ROM Up to 12-ch Confiqurabl Enhanced |2*8 10s |2X8 10s 1x5 |0s
Power 24-MHz 32KB + 512B 4KB Single-end onfigurable nhance nterrupt nterrupt 1x7 10s
DVSS —f{Management Clock 16KB + 512B 20KB KB 12 bit OA, PGA, Comparator and Wakeup and Wakeup PC
Module System 200 ksps 12-bit DAC with 6-bit PA PB 1x12 10s
RST/NMI —] Combo DAC 1x16 10s 1x16 10s
MAB
24-MHz CPU
including
16 registers MDB
31T 1 1 1
\
EEM [ }
RTC
SYS TBO BAKMEM
oK b Infrared CRC16 MPY32 icc TB1 83 USCI_AO LUSC! B0 I Counter |
MFM ) B2 Timer_B eUSCI_A1 — | ’ 32Bytes ||
™S —»  j1aG 16-bit Timer B eUSCLBI || 16-bit Backup ||
TDI/TCLK —1 Cyclic 32-bit Interrupt - 7¢C (UART, , | Real-Time Memory
mo&— L __ | Redundancy | | Harere Compare 3cc Registers IrDA, SPI) (SPI.TC) Clock ‘
SBWICK —1 b gy Watchdog e P onireter Registers ‘ ‘
SBWTDIO <b| |__ _LPM35Domain

Figure 1-1. MSP430FR235x Functional Block Diagram

Figure 1-2 shows the MSP430FR215x functional block diagram.

XIN XOUT P1.x, P2.x P3.x, P4.x P5.x, P6.x
t b 4 4
v v
HF, LF XT1 ADC eCOMPO 1/0 Ports 1/0 Ports 1/0 Ports
77777 FRAM RAM eCOMP1 P1, P2 P3, P4 P5. P6
DVCC — | ROM Up to 12-ch 2x8 10s 2x8 10s et 108
Power 24-MHz 32KB + 5128 4KB Single-end Enhanced Interrupt Interrupt 1x7 10s
DVSS —f{Management Clock 20KB y Comparator and Wakeup and Wakeup
16KB + 512B 2KB 12 bit ith 6-bi PA PB PC
Module System 200 ksps with 6-bit 1x12 10s
RST/NMI —»] DAC 1%16 10s 1x16 10s
MAB
24-MHz CPU
including
16 registers MDB
I I I ER A 1
\
EEM | }
RTC
| ?YS CRC16 MPY32 ICC 80 | Counter BAKMEM |
TCK —p nfrared TB1 TB3 eUSCI_A0 eUSCI BO
MFM . TB2 Timer_B eUSCI_A1 - | . 32Bytes ||
™S — ¥ j1aG 16-bit Timer B eUSCLB1 || N 1?»tT:;t Backup ||
TDITCLK —P] Cyclic 32-bit Interrupt - 7¢C (UART, . eal-Time Memory
woar-——1  F———] Redundancy | | Niares Compare 3cc Registers IrDA, SPI) (SPLTC) } Clock }
SBWTCK —] Registers
Watchdo
sewTpDio «f»{__ SBW 9 | LPM35Domain

Figure 1-2. MSP430FR215x Functional Block Diagram

» The MCU has one main power pair of DVCC and DVSS pins that supplies digital and analog modules.
Recommended bypass and decoupling capacitors are 4.7 uF to 10 uF and 0.1 pF, respectively, with
+5% accuracy.

* P1, P2, P3, and P4 feature the pin-interrupt function and can wake the MCU from all LPMs, including
LPM4, LPM3.5, and LPM4.5.

» Each Timer_B3 has three capture/compare registers. Only CCR1 and CCR2 are externally connected.
Timer_B7 has seven capture/compare registers. Only CCR1 to CCR6 are externally connected. CCRO
registers can be used only for internal period timing and interrupt generation.

* In LPM3.5, the RTC counter and backup memory can be functional while the rest of peripherals are off.
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2 Revision History

Changes from revision C to revision D

Changes from March 6, 2019 to December 10, 2019 Page
Corrected the ROM size in Figure 1-1 MSP430FR235x Functional Block Diagram and Figure 1-2
MSP430FR215x Functional BIOCK DIiagram ... .. .eesireisisiiiiii i sae s s s s e s e nnaanens 4
Added a note on all VQFN pinouts to indicate that the thermal pad should be connected to VSS ..........ccconveetn. 11
Corrected Figure 4-4, 32-Pin RSM (VQFN) (Top View) — MSPA30FR235X .. uuuuiiiiuieiiiiinsiiiinsssiransessannneeanas 13
Changed the note that begins "Supply voltage changes faster than 0.2 V/us can trigger a BOR reset..." in
Section 5.3, Recommended Operating CoNAitioNS .. ..ueeiiiiieeiiii i sraineessaanressaannressaanreesaannresannnnes 27
Added the note that begins "Tl recommends that power to the DVCC pin must not exceed the limits..." in
Section 5.3, Recommended Operating CONAItIONS ....uvuueiieeiiseiiirir i a s rns 27
Changed the note that begins "A capacitor tolerance of £20% or better is required..." in Section 5.3,
Recommended Operating CONGItIONS ....uiuuueeiieeeiraite s s s et saaaas s ssaasse s saa s s s saaaneessannssaaannsssnnns 27
Combined former sections 5.8 and 5.10 into Section 5.9, Production Distribution of LPM Supply Currents ........... 31
Corrected the "SVS disabled"” condition fOr FIQUIE 5-1 ...uiiuiiiiieiieeiiiiniieiiisis i sarssnessansssnessannsaans 31
Added the note "See MSP430 32-kHz Crystal Oscillators for details on crystal section, layout, and testing" to
Table 5-3, XT1 Crystal OsCillator (LOW FrEQUENCY) .uuuuueiuuterseiiseiseerassisssssssssssanesanesasssasssanssasssnns 35
Changed the note that begins "Requires external capacitors at both terminals..." in Table 5-3, XT1 Crystal
(@ 1 ox1 | = Lo T g (oY =T o U= oo ) N 35
Added the trg cop parameter in Table 5-13, TIMEr_B....cviieinii e 45

Corrected the test conditions for the R, parameter in Table 5-20, ADC, Power Supply and Input Range Conditions. 51
Removed ADCDIV from the equation for the ADC conversion time because ADCCLK is after division in Table 5-

b2 N T O T 411 g To T = 1= T 1= =T £ S 51
Added the note that begins "tsampie = IN(2™?Y) x 1 ..." in Table 5-21, ADC, Timing Parameters ........cc.ovevveveueenenns 51
Changed the unit from "nV" to "uV" for the "Input noise voltage” in the Table 5-25, SAC, OA ...cccvviiiiiiiiiiinennnns 55
Changed the unit from "nv/Hz" to "nV/vVHz" for the "Input noise voltage density" in the Table 5-25, SAC, OA ........ 55
Removed the | trim parameter from Table 5-27, FRAM ...ttt iiie e rse s st ssanr s snannesananneeaanns 57
Changed the bitfield name from RTCCLK to RTCCKSEL in the table note on Table 6-9, Clock Distribution ......... 68
Added Section 6.10.17, Cross-Chip Interconnection (SACx are MSP430FR235x Devices Only) .....ccvvvvevvinninnnn, 83
Added P1SELC information in Table 6-41, Port P1, P2 Registers (Base Address: 0200h) ......ccooeeiiiiinnninnnnenns 86
Added P2SELC information in Table 6-41, Port P1, P2 Registers (Base Address: 0200N) ......ccveevviiinnnriinnnnenss 86
Added P3SELC information in Table 6-42, Port P3, P4 Registers (Base Address: 0220N) .....ivvveeiiiinneninnnnnenss 87
Added P4SELC information in Table 6-42, Port P3, P4 Registers (Base Address: 0220h) .....vvviveeviiiineniinnneenns 87
Added P5SELC information in Table 6-43, Port P5, P6 Registers (Base Address: 0240h) .......ccvvvieeiiiniiinnnnnns 87
Added P6SELC information in Table 6-43, Port P5, P6 Registers (Base Address: 0240h) .......covvviieiinniiinnnnnns 87
Changed CRC covered end address to 0x1AF7 in table note (1) in Table 6-70, Device Descriptors ................. 107

Changes from revision B to revision C

Changes from July 3, 2018 to March 5, 2019 Page
« Added 32-pin VQFN (RSM) package information in Section 1.1, FEatUreS.....cuveiiiiererrennrerrsnnnrersannressasnneesnnns 2
« Added 32-pin VQFN (RSM) package information to the Device Information table in Section 1.3, Description .......... 3
e Added 32-pin VQFN (RSM) package information in Table 3-1, Device COMPAriSON ......cvvveerisriinirinrinnrerieiines 8
e Added Figure 4-4, 32-Pin RSM (VQFN) (Top View) — MSPA30FR235X .. .uutirteianeiainerannssnnesansssarssansssnnesnns 13
e Added Figure 4-8, 32-Pin RSM (VQFN) (Top View) — MSPA30FR215X .. .ututirtsiinriniessansssinssansssanssansssnnesnns 17
e Added 32-pin VQFN (RSM) package information in Section 4.2, Pin Attributes.......ccvveiiiiiiiiiiiii s 18
e Added 32-pin VQFN (RSM) package information in Section 4.3, Signal DesSCriptioNS......cvveeeiviieerrainneriranneeens 22
« Added 32-pin VQFN (RSM) package information in Section 5.11, Thermal Resistance Characteristics ............... 32
* Added the trg o, parameter in Table 5-13, TIMEr_B......cooiiiiiii 45
* Removed the | trim parameter from Table 5-27, FRAM ... i s e e aas 57
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Changes from revision A to revision B

Changes from June 20, 2018 to July 2, 2018 Page
* Added the trg ., parameter in Table 5-13, TIMEr_B.......ocoiiiiiiii 45
* Removed the |, trim parameter from Table 5-27, FRAM ...uiiiiiiiiiiiiii s e 57
* Updated Section 8.3, TOOIS and SOMWAIE ...u.ueeiissiiieiiiiri i s raes 116
* Added errata in Section 8.4, DOCUMENLAtION SUPPOIT 1.uvuuseiiseirsriistiiistiirerareiasisastsiserarsrareraeaanns 118

Changes from initial release to revision A

Changes from May 11, 2018 to June 19, 2018 Page
* Changed the document status to0 PRODUCTION DATA .. .uutiiuiiiiiirriratrierasrr s ssaesa e aennsnsnens 1
* Added missing UCBOSCL signal to P1.3/UCBOSOMI/UCBOSCL/OAQ+/A3 in pinout figureS......cvvvvviiueiiineninninns 11
* Added the trg o, parameter in Table 5-13, TIMEr_B......coviiiiii i, 45
* Removed the | trim parameter from Table 5-27, FRAM ... e s n e e aas 57
« Added row for "Driver library and FFT library" in Table 6-4, Memory Organization .........cceeevveiieersesineessnnnnenss 65
o Added Section 7.3, ROM LiDraries ..iuuiiieeiiiinieeiiinisirs s s e ssss s ssss s sanssaasasiessannsanns 114
» Corrected the title and link to reference design in Table 7-1, Tools and Reference Designs ........ccvevveiieinaenns, 114
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3 Device Comparison

Table 3-1 summarizes the features of the available family members.

Table 3-1. Device Comparison® @

Product Folder Links: MSP430FR2355 MSP430FR2353 MSP430FR2155 MSP430FR2153

Submit Documentation Feedback

DEVICE PROGRAM FRAM | SRAM (bytes) | TBO, TB1, TB2 B3 eUSCI_A | eUSCI B éﬁi:\mig SAC | eCOMP /0s PACKAGE
MSP430FR2355PT 32KB + 512B 4096 3 x CCR® 7 x CCR® 2 2 12 4 2 44 48 PT (LQFP)
MSP430FR2353PT 16KB + 512B 2048 3 x CCR® 7 x CCR® 2 2 12 4 2 44 48 PT (LQFP)

MSP430FR2355RHA 32KB + 512B 4096 3 x CCR® 7 x CCR® 2 2 10 4 2 36 40 RHA (VQFN)
MSP430FR2353RHA 16KB + 512B 2048 3 x CCR® 7 x CCR® 2 2 10 4 2 36 40 RHA (VQFN)
MSP430FR2355DBT 32KB + 512B 4096 3 x CCR® 7 x CCR® 2 2 10 4 2 34 38 DBT (TSSOP)
MSP430FR2353DBT 16KB + 512B 2048 3 x CCR® 7 x CCR® 2 2 10 4 2 34 38 DBT (TSSOP)
MSP430FR2355RSM 32KB + 512B 4096 3 x CCR® 7 x CCR® 2 2® 8 4 2 28 32 RSM (VQFN)
MSP430FR2353RSM 16KB + 512B 2048 3 x CCR® 7 x CCR® 2 24 8 4 2 28 32 RSM (VQFN)
MSP430FR2155PT 32KB + 512B 4096 3 x CCR® 7 x CCR® 2 2 12 - 2 44 48 PT (LQFP)
MSP430FR2153PT 16KB + 512B 2048 3 x CCR® 7 x CCR® 2 2 12 - 2 44 48 PT (LQFP)
MSP430FR2155RHA 32KB + 512B 4096 3 x CCR® 7 x CCR® 2 2 10 - 2 36 40 RHA (VQFN)
MSP430FR2153RHA 16KB + 512B 2048 3 x CCR® 7 x CCR® 2 2 10 - 2 36 40 RHA (VQFN)
MSP430FR2155DBT 32KB + 512B 4096 3 x CCR® 7 x CCR® 2 2 10 - 2 34 38 DBT (TSSOP)
MSP430FR2153DBT 16KB + 512B 2048 3 x CCR® 7 x CCR® 2 2 10 - 2 34 38 DBT (TSSOP)
MSP430FR2155RSM 32KB + 512B 4096 3 x CCR® 7 x CCR® 2 2@ 8 - 2 28 32 RSM (VQFN)
MSP430FR2153RSM 16KB + 512B 2048 3 x CCR® 7 x CCR® 2 2@ 8 - 2 28 32 RSM (VQFN)

(1) Forthe most current device, package, and ordering information, see the Package Option Addendum in Section 9, or see the Tl web site 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) A CCR register is a configurable register that provides internal and external capture or compare inputs, or internal and external PWM outputs. Not all CCR channels are package specific.
See the definition in Section 4.3.

(4) eUSCI_B1 supports only I°C function.
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3.1 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 microcontrollers
One platform. One ecosystem. Endless possibilities.

Companion products for MSP430FR2355
Review products that are frequently purchased or used with this product.

Reference designs for MSP430FR2355
Find reference designs leveraging the best in Tl technology to solve your system-level challenges.

Copyright © 2018-2019, Texas Instruments Incorporated Device Comparison 9
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4 Terminal Configuration and Functions

4.1 Pin Diagrams

Figure 4-1 shows the pinout of the 48-pin PT package for the MSP430FR235x MCUs.

P1.2/UCB0SIMO/UCBOSDA/TBOTRG/OA0-/A2/Veref-
P1.1/UCBOCLK/ACLK/OA00/COMPO0.1/A1
P1.0/UCBOSTE/SMCLK/COMPO0.0/A0/Veref+
TEST/SBWTCK

RST/NMI/SBWTDIO

DvCC

DVSS

P2.7/TBOCLK/XIN

P2.6/MCLK/XOUT

P2.5/COMP1.0

P2.4/COMP1.1

P4.7/UCB1SOMI/UCB1SCL
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P3.6/0A3-

P3.7/0A3+

P1.4/UCAOSTE/TCK/A4
P1.5/UCAOCLK/TMS/OA10/A5
P1.6/UCAORXD/UCAO0SOMI/TBO.1/TDI/TCLK/OA1-/A6
P1.7/JUCAO0TXD/UCAO0SIMO/TB0.2/TDO/OA1+/A7/VREF+
P2.0/TB1.1/COMP0.0

P2.1/TB1.2/COMP1.0

P2.2/TB1CLK

P2.3/TB1TRG

P4.0/UCA1STE/ISOTXD/ISORXD

P4.1/UCA1CLK

Figure 4-1. 48-Pin PT (LQFP) (Top View) — MSP430FR235x
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Figure 4-2 shows the pinout of the 40-pin RHA package for the MSP430FR235x MCUs.
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P4.7/UCB1SOMI/UCB1SCL
P4.6/UCB1SIMO/UCB1SDA
P4.3/UCA1TXD/UCA1SIMO/UCA1TTXD
P4.2/UCATRXD/UCA1SOMI/UCATRXD
P4.0/lUCA1STE/ISOTXD/ISORXD

NOTE: Connect the exposed thermal pad to VSS.

P3.6/0A3-

P3.7/0A3+

P1.4/UCAOSTE/TCK/A4

P1.5/UCAOCLK/TMS/OA10/A5
P1.6/UCAORXD/UCAOSOMI/TBO.1/TDI/TCLK/OA1-/A6
P1.7/JUCAOTXD/UCAOSIMO/TB0.2/TDO/OA1+/A7/VREF+
P2.0/TB1.1/COMP0.0

P2.1/TB1.2/COMP1.0

P2.2/TB1CLK

P2.3/TB1TRG

Figure 4-2. 40-Pin RHA (VQFN) (Top View) — MSP430FR235x
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Figure 4-3 shows the pinout of the 38-pin DBT package for the MSP430FR235x MCUs.

P3.2/0A2-

P3.1/0A20

P3.0/MCLK
P1.3/UCBOSOMI/UCBOSCL/OA0+/A3
P1.2/UCBOSIMO/UCBOSDA/TBOTRG/OAQ-/A2/Veref-
P1.1/UCBOCLK/ACLK/OA0O/COMPO0.1/A1
P1.0/UCBOSTE/SMCLK/COMPO.0/A0/Veref+
TEST/SBWTCK

RST/NMI/SBWTDIO

DvVCC

DVSS

P2.7/TBOCLK/XIN

P2.6/MCLK/XOUT

P2.5/COMP1.0

P2.4/COMP1.1

P4.7/UCB1SOMI/UCB1SCL
P4.6/UCB1SIMO/UCB1SDA

P4.5/UCB1CLK

P4.4/UCB1STE

HAAAHHHAHAAAARAAHAHAAHA

/

S22 OO NOOOUOPRWN -

\
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MSP430FR2353TDBT
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P3.3/0A2+

P5.0/TB2.1/MFM.RX/A8

P5.1/TB2.2/MFM.TX/A9

P3.4/SMCLK

P3.5/0A30

P3.6/0A3-

P3.7/0A3+

P1.4/UCAOSTE/TCK/A4
P1.5/UCAOCLK/TMS/OA10/A5
P1.6/UCAORXD/UCA0SOMI/TBO.1/TDI/TCLK/OA1-/A6
P1.7/JUCAO0TXD/UCAQOSIMO/TB0.2/TDO/OA1+/A7/VREF+
P2.0/TB1.1/COMP0.0

P2.1/TB1.2/COMP1.0

P2.2/TB1CLK

P2.3/TB1TRG

P4.0/UCA1STE/ISOTXD/ISORXD

P4.1/UCA1CLK
P4.2/UCATRXD/UCA1SOMI/UCA1TRXD
P4.3/UCA1TXD/UCA1SIMO/UCATTXD

Figure 4-3. 38-Pin DBT (TSSOP) (Top View) — MSP430FR235x
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Figure 4-4 shows the pinout of the 32-pin RSM package for the MSP430FR235x MCUs.

32[] P1.2/UCB0SIMO/UCBOSDA/TBOTRG/OA0-/A2/Veref-

31[] P1.3/UCBOSOMI/UCBOSCL/OAQ+/A3
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P4.0/lUCA1STE/ISOTXD/ISORXD | 116

NOTE: Connect the exposed thermal pad to VSS.
Figure 4-4. 32-Pin RSM (VQFN) (Top View) — MSP430FR235x
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Figure 4-5 shows the pinout of the 48-pin PT package for the MSP430FR215x MCUs.

P1.2/UCB0SIMO/UCBOSDA/TBOTRG/A2/Veref-
P1.1/UCBOCLK/ACLK/COMPO.1/A1
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P1.4/UCAOSTE/TCK/A4

P1.5/UCAOCLK/TMS/A5
P1.6/lUCAORXD/UCAO0SOMI/TBO.1/TDI/TCLK/A6
P1.7/UCAOTXD/UCAOSIMO/TB0.2/TDO/A7/VREF+
P2.0/TB1.1/COMP0.0

P2.1/TB1.2/COMP1.0

P2.2/TB1CLK

P2.3/TB1TRG

P4.0/lUCA1STE/ISOTXD/ISORXD
P4.1/UCA1CLK

Figure 4-5. 48-Pin PT (LQFP) (Top View) — MSP430FR215x
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Figure 4-6 shows the pinout of the 40-pin RHA package for the MSP430FR215x MCUs.

P1.1/UCBOCLK/ACLK/COMPO.1/A1
P1.0/UCBOSTE/SMCLK/COMPO.0/A0/Veref+

TEST/SBWTCK
RST/NMI/SBWTDIO
DvCC

DVSS
P2.7/TBOCLK/XIN
P2.6/MCLK/XOUT
P2.5/COMP1.0
P2.4/COMP1.1

P1.2/UCB0SIMO/UCBOSDA/TBOTRG/A2/Veref-

NOTE: Connect the exposed thermal pad to VSS.
Figure 4-6. 40-Pin RHA (VQFN) (Top View) — MSP430FR215x
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P3.6

P3.7

P1.4/UCAQSTE/TCK/A4

P1.5/UCAOCLK/TMS/AS
P1.6/UCAORXD/UCA0SOMI/TB0.1/TDI/TCLK/AG
P1.7/JUCAO0TXD/UCAQSIMO/TBO0.2/TDO/A7/VREF+
P2.0/TB1.1/COMP0.0

P2.1/TB1.2/COMP1.0

P2.2/TB1CLK

P2.3/TB1TRG
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Figure 4-7 shows the pinout of the 38-pin DBT package for the MSP430FR215x MCUs.

P3.2

P3.1

P3.0/MCLK

P1.3/UCB0SOMI/UCBOSCL/A3
P1.2/UCB0SIMO/UCBOSDA/TBOTRG/A2/Veref-
P1.1/UCBOCLK/ACLK/COMPO.1/A1
P1.0/UCBOSTE/SMCLK/COMPO.0/A0/Veref+
TEST/SBWTCK

RST/NMI/SBWTDIO

DvCC

DVSS

P2.7/TBOCLK/XIN

P2.6/MCLK/XOUT

P2.5/COMP1.0

P2.4/COMP1.1

P4.7/JUCB1SOMI/UCB1SCL
P4.6/UCB1SIMO/UCB1SDA

P4.5/UCB1CLK

P4.4/UCB1STE
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/ AN
1 38
2 37
3 36
4 35
5 34
6 33
7 32
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9 30
10 MSP430FR2155TDBT 29

MSP430FR2153TDBT
1 28
12 27
13 26
14 25
15 24
16 23
17 22
18 21
19 20
\ /

P3.3

P5.0/TB2.1/MFM.RX/A8

P5.1/TB2.2/MFM.TX/A9

P3.4/SMCLK

P3.5

P3.6

P3.7

P1.4/UCAOSTE/TCK/A4

P1.5/UCAOCLK/TMS/A5
P1.6/UCAORXD/UCAO0SOMI/TBO.1/TDI/TCLK/AG
P1.7/UCAOTXD/UCAOSIMO/TB0.2/TDO/A7/VREF+
P2.0/TB1.1/COMP0.0

P2.1/TB1.2/COMP1.0

P2.2/TB1CLK

P2.3/TB1TRG

P4.0/UCA1STE/ISOTXD/ISORXD
P4.1/UCA1CLK
P4.2/UCA1RXD/UCA1SOMI/UCATRXD
P4.3/UCA1TXD/UCA1SIMO/UCATTXD

Figure 4-7. 38-Pin DBT (TSSOP) (Top View) — MSP430FR215x
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Figure 4-8 shows the pinout of the 32-pin RSM package for the MSP430FR215x MCUs.

32[] P1.2/UCBOSIMO/UCBOSDA/TBOTRG/A2/Veref-
[] P1.3/UCBOSOMI/UCBOSCL/A3
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TEST/SBWTCK [ 13 ! | 220 P1.4/UCAOSTE/TCK/A4
RST/NMISBWTDIO [ 14 | MSPA430FR21S5TRSM | 54| p1.5/UCAOCLK/TMS/AS
pvce [15 | MSP430FR2153TRSM | 20C] P1.6/UCAORXD/UCAOSOMI/TBO.1/TDI/TCLK/AG
DVSS [16 ! | 19 P1.7/UCAOTXD/UCAOSIMO/TBO.2/TDO/A7/VREF+
P2.7/TBOCLK/XIN |17 ! ' 18] P2.0/TB1.1/COMP0.0
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P4.0/UCA1STE/ISOTXD/ISORXD | 116

P4.3/UCA1TXD/UCA1SIMO/UCATTXD [ 113
P4.2/UCA1RXD/UCA1SOMI/UCATRXD | 114

NOTE: Connect the exposed thermal pad to VSS.
Figure 4-8. 32-Pin RSM (VQFN) (Top View) — MSP430FR215x
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4.2 Pin Attributes
Table 4-1 lists the attributes of all pins.
Table 4-1. Pin Attributes
PIN NUMBER SIGNAL POWER RESET STATE
® @ ()
o ~on | oeT | ”em SIGNAL NAME Type@ |BUFFER TYPE SOUREE AR PR
P1.2 (RD) 110 LVCMOS DVCC OFF
UCBOSIMO 110 LVCMOS DvCC -
UCBOSDA 110 LVCMOS DvCC -
1 40 5 32 TBOTRG | LVCMOS DvCC -
0A0-©® I Analog DVCC -
A2 | Analog DvCC -
Veref- | Analog DvCC -
P1.1 (RD) 110 LVCMOS DvCC OFF
UCBOCLK 1/0 LVCMOS DvCC -
ACLK O LVCMOS DvCC -
2 1 6 1 o
0A00® o} Analog DVCC -
COMPO_1 | Analog DvVCC -
Al | Analog DvCC -
P1.0 (RD) 110 LVCMOS DVCC OFF
UCBOSTE 1/0 LVCMOS DvCC -
3 ) . ) SMCLK (0] LVCMOS DvCC -
COMPO_0O | Analog DvVCC -
A0 | Analog DvCC -
Veref+ | Analog DvVCC -
4 3 8 3 TEST (RD) | LVCMOS DvCC OFF
SBWTCK | LVCMOS DvCC -
RST (RD) 110 LVCMOS DVCC OFF
5 4 9 4 NMI | LVCMOS DvCC -
SBWTDIO 110 LVCMOS DvCC -
10 DvCC P Power DvCC N/A
11 DVSS P Power DvCC N/A
P2.7 (RD) 110 LVCMOS DVCC OFF
8 7 12 7 TBOCLK | LVCMOS DvCC -
XIN | LVCMOS DvCC -
P2.6 (RD) 110 LVCMOS DVCC OFF
9 8 13 8 MCLK (0] LVCMOS DvCC -
XOUT O LVCMOS DvCC -
P2.5 (RD) 110 LVCMOS DVCC OFF
10 9 14 9
COMP1.0 | Analog DvVCC -
P2.4 (RD) 110 LVCMOS DVCC OFF
11 10 15 10
COMP1.1 | Analog DvCC -
(1) Signals names with (RD) denote the reset default pin name.
(2) To determine the pin mux encodings for each pin, see Section 6.11.
(3) Signal types: | = input, O = output, I/O = input or output
(4) Buffer types: LVCMOS, analog, or power
(5) Reset states:
OFF = High-impedance input with pullup or pulldown disabled (if available)
N/A = Not applicable
(6) MSP430FR235x devices only
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Table 4-1. Pin Attributes (continued)

PIN NUMBER SIGNAL POWER RESET STATE
@ @ @
o Y 0BT ey SIGNAL NAME TypE(® | BUFFER TYPE SOURCE AETER BOR®
P4.7 (RD) 110 LVCMOS DVCC OFF
12 11 16 11 |ucBisom® 110 LVCMOS DVCC -
UCB1SCL 110 LVCMOS DVCC -
P4.6 (RD) 110 LVCMOS DVCC OFF
13 12 17 12 |ucBisIMO® 110 LVCMOS DVCC -
UCB1SDA 110 LVCMOS DVCC -
P4.5 (RD) 110 LVCMOS DVCC OFF
14 13 18 =
UCB1CLK 110 LVCMOS DVCC -
P4.4 (RD) 110 LVCMOS DVCC OFF
15 14 19 =
UCB1STE 110 LVCMOS DVCC -
% P6.6 (RD) 110 LVCMOS DVCC OFF
TB3CLK I LVCMOS DVCC -
17 P6.5 (RD) 110 LVCMOS DVCC OFF
TB3.6 110 LVCMOS DVCC -
18 P6.4 (RD) 110 LVCMOS DVCC OFF
TB3.5 110 LVCMOS DVCC -
1 P6.3 (RD) 110 LVCMOS DVCC OFF
TB3.4 110 LVCMOS DVCC -
20 P6.2 (RD) 110 LVCMOS DVCC OFF
TB3.3 110 LVCMOS DVCC -
o1 15 P6.1 (RD) 110 LVCMOS DVCC OFF
TB3.2 110 LVCMOS DVCC -
- 1% P6.0 (RD) 110 LVCMOS DVCC OFF
TB3.1 110 LVCMOS DVCC -
P4.3 (RD) 110 LVCMOS DVCC OFF
UCA1TXD o) LVCMOS DVCC -
23 17 20 13
UCA1SIMO 110 LVCMOS DVCC -
UCALTXD o) LVCMOS DVCC -
P4.2 (RD) 110 LVCMOS DVCC OFF
UCA1RXD I LVCMOS DVCC -
24 18 21 14
UCA1SOMI 110 LVCMOS DVCC -
UCALRXD I LVCMOS DVCC -
P4.1 (RD) 110 LVCMOS DVCC OFF
25 19 22 15
UCA1CLK 110 LVCMOS DVCC -
P4.0 (RD) 110 LVCMOS DVCC OFF
UCA1STE 110 LVCMOS DVCC -
26 20 23 16
ISOTXD o) LVCMOS DVCC -
ISORXD I LVCMOS DVCC -
P2.3 (RD) 110 LVCMOS DVCC OFF
27 21 24 =
TB1TRG I LVCMOS DVCC -
P2.2 (RD) 110 LVCMOS DVCC OFF
28 22 25 =
TB1CLK I LVCMOS DVCC -
P2.1(RD) 110 LVCMOS DVCC OFF
29 23 26 17 | TB1.2 110 LVCMOS DVCC -
COMP1.0 o) LVCMOS DVCC -
(7) Not applicable in RSM package.
Copyright © 2018-2019, Texas Instruments Incorporated Terminal Configuration and Functions 19

Submit Documentation Feedback
Product Folder Links: MSP430FR2355 MSP430FR2353 MSP430FR2155 MSP430FR2153


http://www.ti.com/product/msp430fr2355?qgpn=msp430fr2355
http://www.ti.com/product/msp430fr2353?qgpn=msp430fr2353
http://www.ti.com/product/msp430fr2155?qgpn=msp430fr2155
http://www.ti.com/product/msp430fr2153?qgpn=msp430fr2153
http://www.ti.com
http://www.ti.com/feedbackform/techdocfeedback?litnum=SLASEC4D&partnum=MSP430FR2355
http://www.ti.com/product/msp430fr2355?qgpn=msp430fr2355
http://www.ti.com/product/msp430fr2353?qgpn=msp430fr2353
http://www.ti.com/product/msp430fr2155?qgpn=msp430fr2155
http://www.ti.com/product/msp430fr2153?qgpn=msp430fr2153

MSP430FR2355, MSP430FR2353, MSP430FR2155, MSP430FR2153
SLASEC4D —MAY 2018—REVISED DECEMBER 2019

I

TEXAS
INSTRUMENTS

www.ti.com

Table 4-1. Pin Attributes (continued)

PIN NUMBER SIGNAL POWER RESET STATE
(@Ne) @
o Y 0BT ey SIGNAL NAME TypE(® | BUFFER TYPE SOURCE AETER BOR®
P2.0 (RD) 110 LVCMOS DVCC OFF
30 24 27 18 |TB1.1 110 LVCMOS DVCC -
COMP0.0 o} LVCMOS DVCC -
P1.7 (RD) 110 LVCMOS DVCC OFF
UCAOTXD o} LVCMOS DVCC -
UCAO0SIMO 110 LVCMOS DVCC -
TB0.2 110 LVCMOS DVCC -
31 25 28 19
TDO o} LVCMOS DVCC -
OA1+® I Analog DVCC -
A7 | Analog DvCC -
VREF+ O Analog DvCC —
P1.6 (RD) 110 LVCMOS DVCC OFF
UCAORXD I LVCMOS DVCC -
UCAOSOMI 110 LVCMOS DVCC -
TBO.1 110 LVCMOS DVCC -
32 26 29 20
TDI I LVCMOS DVCC -
TCLK I LVCMOS DVCC -
0A1-® I Analog DVCC -
A6 | Analog DvCC -
P1.5 (RD) 110 LVCMOS DVCC OFF
UCAOCLK 110 LVCMOS DVCC -
33 27 30 21 |TMS I LVCMOS DVCC -
0A10® o} Analog DVCC -
A5 | Analog DvCC -
P1.4 (RD) 110 LVCMOS DVCC OFF
UCAOSTE 110 LVCMOS DVCC -
34 28 31 22
TCK I LVCMOS DVCC -
A4 | Analog DvCC —
P3.7 (RD) 110 LVCMOS DVCC OFF
35 29 32 23
0A3+®) I Analog DVCC -
P3.6 (RD) 110 LVCMOS DVCC OFF
36 30 33 24
0A3-® I Analog DVCC -
P3.5 (RD) 110 LVCMOS DVCC OFF
37 31 34 25
0A30® o} Analog DVCC -
P3.4 (RD) 110 LVCMOS DVCC OFF
38 32 35 26
SMCLK o} LVCMOS DVCC -
39 = = = P5.4 (RD) 110 LVCMOS DVCC OFF
P5.3 (RD) 110 LVCMOS DVCC OFF
40 = = = TB2TRG I LVCMOS DVCC -
All | Analog DvCC —
P5.2 (RD) 110 LVCMOS DVCC OFF
41 = = = TB2CLK I LVCMOS DVCC -
Al0 | Analog DvCC —
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Table 4-1. Pin Attributes (continued)

PIN NUMBER SIGNAL POWER RESET STATE
1) @ @
5 = e e SIGNAL NAME TYPE® BUFFER TYPE SOURCE AFTER BOR®
P5.1 (RD) 110 LVCMOS DVCC OFF
TB2.2 110 LVCMOS DVCC -
42 33 36 -
MFM.TX (e} LVCMOS DVCC -
A9 | Analog DvCC —
P5.0 (RD) 110 LVCMOS DVCC OFF
TB2.1 110 LVCMOS DVCC -
43 34 37 -
MFM.RX | LVCMOS DVCC -
A8 | Analog DvVCC —
P3.3 (RD) 110 LVCMOS DVCC OFF
44 35 38 27
0A2+®) I Analog DVCC -
P3.2 (RD) 110 LVCMOS DVCC OFF
45 36 1 28
OA2-® I Analog DVCC -
P3.1 (RD) 110 LVCMOS DVCC OFF
46 37 2 29
0A20® o} Analog DVCC -
P3.0 (RD) 110 LVCMOS DVCC OFF
47 38 3 30
MCLK (e} LVCMOS DVCC -
P1.3 (RD) 110 LVCMOS DVCC OFF
UCBOSOMI 110 LVCMOS DVCC -
48 39 4 31 UCBOSCL 110 LVCMOS DVCC -
0A0+® I Analog DVCC -
A3 | Analog DvVCC —
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4.3 Signal Descriptions

Table 4-2 describes the signals for all device variants and package options.

Table 4-2. Signal Descriptions

PIN NUMBER®

PIN

FUNCTION SIGNAL NAME PT RHA DBT | RSM TYPE®@ DESCRIPTION
A0 2 2 | Analog input AO
Al 1 1 | Analog input Al
A2 40 32 | Analog input A2
A3 48 39 31 | Analog input A3
A4 34 28 31 22 | Analog input A4
A5 33 27 30 21 | Analog input A5
ADC A6 32 26 29 20 | Analog input A6
A7 31 25 28 19 | Analog input A7
A8 43 34 37 - | Analog input A8
A9 42 33 36 - | Analog input A9
A10 41 - - - | Analog input A10
All 40 - - - | Analog input A11
Veref+ 3 2 7 2 | ADC positive reference
Veref- 1 40 5 32 | ADC negative reference
Co 3 2 7 | Comparator input channel CO
eCOMPO C1 2 6 | Comparator input channel C1
CouT 30 24 27 18 (0] Comparator output channel COUT
Co 10 9 14 9 | Comparator input channel CO
eCOMP1 C1 11 10 15 10 | Comparator input channel C1
CouT 29 23 26 17 (0] Comparator output channel COUT
OAO0+ 48 39 31 | SACO, OA positive input
sAco® OAO- 40 32 I SACO, OA negative input
OAO0O 1 1 (0] SACO, OA output
OAl+ 31 25 28 19 | SAC1, OA positive input
SAC1® OA1- 32 26 29 20 I SAC1, OA negative input
OA10 33 27 30 21 o SAC1, OA output
OA2+ 44 35 38 27 | SAC2, OA positive input
SAC2® OA2- 45 36 28 I SAC2, OA negative input
0OA20 46 37 29 o SAC2, OA output
OA3+ 35 29 32 23 | SAC3, OA positive input
SAC3® OA3- 36 30 33 24 I SAC3, OA negative input
OAO 37 31 34 25 o SAC3, OA output
ACLK 6 (0] ACLK output
MCLK 13 © MCLK output
47 38 30 o
Clock 3 2 2 (0]
SMCLK SMCLK output
38 32 35 26 o
XIN 8 7 12 | Input terminal for crystal oscillator
XOouT 13 (0] Output terminal for crystal oscillator

(1) Any pin that is not bonded out in a smaller package must be initialized by software after reset to achieve the lowest leakage current.
(2) | =input, O = output, I/O = input/output, P = power
(3) MSP430FR235x devices only
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Table 4-2. Signal Descriptions (continued)

PIN NUMBER® PIN
FUNCTION SIGNAL NAME @ DESCRIPTION
PT | RHA | DBT | RSM | TYPE
SBWTCK 4 3 8 3 | Spy-Bi-Wire input clock
SBWTDIO 5 4 9 4 1/0 Spy-Bi-Wire data input/output
TCK 34 28 31 22 | Test clock
TCLK 32 26 29 20 | Test clock input
Debug -
TDI 32 26 29 20 | Test data input
TDO 31 25 28 19 (0] Test data output
TMS 33 27 30 21 | Test mode select
TEST 4 3 8 3 | Test mode pin — selected digital /O on JTAG pins
NMI 5 4 4 | Nonmaskable interrupt input
System p— - -
RST 5 4 9 4 1/0 Reset input, active-low
DvVCC 6 5 10 5 P Power supply
Power DVSS 7 6 11 6 P Power ground
VREE+ 31 25 28 19 = Output of positive reference voltage with ground as
reference
P1.0 3 2 7 1/0 General-purpose 1/0
P1.1 2 1 6 1/0 General-purpose 1/0
P1.2 1 40 5 32 1/0 General-purpose 1/0
P1.3 48 39 4 31 1/0 General-purpose 1/0
GPIO, Port 1
P1.4 34 28 31 22 110 General-purpose 1/0 ®)
P15 33 27 30 21 110 General-purpose 1/0 4
P1.6 32 26 29 20 110 General-purpose /0™
P1.7 31 25 28 19 110 General-purpose /0™
P2.0 30 24 27 18 1/0 General-purpose 1/0
P2.1 29 23 26 17 1/0 General-purpose 1/0
pP2.2 28 22 25 - 1/0 General-purpose 1/0
P2.3 27 21 24 - 1/0 General-purpose 1/0
GPIO, Port 2
P2.4 11 10 15 10 1/0 General-purpose 1/0
P2.5 10 9 14 9 1/0 General-purpose 1/0
P2.6 9 8 13 8 1/0 General-purpose 1/0
P2.7 8 7 12 7 1/0 General-purpose 1/0
P3.0 a7 38 3 30 1/0 General-purpose 1/0
P3.1 46 37 2 29 1/0 General-purpose 1/0
P3.2 45 36 1 28 1/0 General-purpose 1/0
P3.3 44 35 38 27 1/0 General-purpose 1/0
GPIO, Port 3
P3.4 38 32 35 26 1/0 General-purpose 1/0
P3.5 37 31 34 25 1/0 General-purpose 1/0
P3.6 36 30 33 24 1/0 General-purpose 1/0
P3.7 35 29 32 23 1/0 General-purpose 1/0

(4) Because this pin is multiplexed with the JTAG function, TlI recommends disabling the pin interrupt function while in JTAG debug to
prevent collisions.
Functions shared with these four pins cannot be debugged if 4-wire JTAG is used for debug.
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Table 4-2. Signal Descriptions (continued)

PIN NUMBER® PIN
FUNCTION SIGNAL NAME TYPE® DESCRIPTION
PT RHA | DBT | RSM

P4.0 26 20 23 16 1/0 General-purpose 1/0
P4.1 25 19 22 15 1/0 General-purpose 1/0
P4.2 24 18 21 14 1/0 General-purpose 1/0

GPIO, Port 4 P4.3 23 17 20 13 1/0 General-purpose 1/0
P4.4 15 14 19 - 1/0 General-purpose 1/0
P4.5 14 13 18 - 1/0 General-purpose 1/0
P4.6 13 12 17 12 1/0 General-purpose 1/0
P4.7 12 11 16 11 1/0 General-purpose 1/0
P5.0 43 34 37 - 1/0 General-purpose 1/0
P5.1 42 33 36 - 1/0 General-purpose 1/0

GPIO, Port5 | P5.2 41 - - - 1/0 General-purpose 1/0
P5.3 40 - - - 1/0 General-purpose 1/0
P5.4 39 - - - 1/0 General-purpose 1/0
P6.0 22 16 - - 1/0 General-purpose 1/0
P6.1 21 15 - - 1/0 General-purpose 1/0
P6.2 20 - - - 1/0 General-purpose 1/0

GPIO, Port 6 | P6.3 19 - - - 1/0 General-purpose 1/0
P6.4 18 - - - 1/0 General-purpose 1/0
P6.5 17 - - - 1/0 General-purpose 1/0
P6.6 16 - - - 1/0 General-purpose 1/0
UCAQOTXD 31 25 28 19 (0] eUSCI_A0 UART transmit data

UART UCAORXD 32 26 29 20 | eUSCI_AO0 UART receive data
UCALTXD 23 17 20 13 (0] eUSCI_A1 UART transmit data
UCA1RXD 24 18 21 14 | eUSCI_A1 UART receive data

< ISOTXD 26 20 23 16 o IUS((:)Atlr._ar;](stéi:ncéa_trathzeBl)c)gical AND product of
ISORXD 26 20 23 16 | ISO receive data (to UCALIRXD and TB3.CCI2B)
UCAOSTE 34 28 31 22 1/0 eUSCI_AO SPI slave transmit enable
UCAOCLK 33 27 30 21 1/0 eUSCI_AO SPI clock input/output
UCAOSOMI 32 26 29 20 1/0 eUSCI_AO SPI slave out/master in
UCAOSIMO 31 25 28 19 1/0 eUSCI_AO SPI slave in/master out
UCALSTE 26 20 23 16 1/0 eUSCI_AL SPI slave transmit enable
UCAL1CLK 25 19 22 15 1/0 eUSCI_AL1 SPI clock input/output
UCA1SOMI 24 18 21 14 1/0 eUSCI_AL SPI slave out/master in
UCA1SIMO 23 17 20 13 1/0 eUSCI_AL SPI slave in/master out

SPI UCBOSTE 2 1/0 eUSCI_BO slave transmit enable
UCBOCLK 1 1/0 eUSCI_BO clock input/output
UCBOSIMO 40 32 1/0 eUSCI_BO SPI slave in/master out
UCBOSOMI 48 39 31 1/0 eUSCI_BO SPI slave out/master in
UCB1STE 15 14 19 - 1/0 eUSCI_BL1 slave transmit enable
UCB1CLK 14 13 18 - 1/0 eUSCI_B1 clock input/output
UCB1SIMO 13 12 17 - 1/0 eUSCI_B1 SPI slave in/master out
UCB1SOMI 12 11 16 - 1/0 eUSCI_B1 SPI slave out/master in
UCBOSCL 48 39 31 1/0 eUSCI_BO I°C clock

2c UCBOSDA 1 40 5 32 1/0 eUSCI_BO I°C data
UCB1SCL 12 11 16 11 1/0 eUSCI_B1 I°C clock
UCB1SDA 13 12 17 12 1/0 eUSCI_B1 I°C data
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Table 4-2. Signal Descriptions (continued)

PIN NUMBER® PIN
FUNCTION SIGNAL NAME @ DESCRIPTION
PT | RHA | DBT | RSM | TYPE
Timer TBO CCR1
TB0.1 32 26 29 20 Vo capture: CCI1A input, compare: Outl output
Timer TBO CCR2
TBO0.2 31 25 28 19 1/0 capture: CCI2A input
compare: Out2 output
TBOTRG 40 5 32 | TBO external trigger input for TBOOUTH
TBOCLK 7 12 7 | Timer clock input TBCLK for TBO
Timer TB1 CCR1
TB1.1 30 24 27 18 1/0 capture: CCI1A input
compare: Outl output
Timer TB1 CCR2
TB1.2 29 23 26 17 1/0 capture: CCI2A input
compare: Out2 output
TB1CLK 28 22 25 - | Timer clock input TBCLK for TB1
TB1TRG 27 21 24 - | TB1 external trigger input for TBIOUTH
Timer TB2 CCR1
TB2.1 43 34 37 - 1/0 capture: CCI1A input
compare: Outl output
Timer TB2 CCR2
TB2.2 42 33 36 - 1/0 capture: CCI2A input
Timer B compare: Out2 output
TB2CLK 41 - - - | Timer clock input TBCLK for TB2
TB2TRG 40 - - - | TB2 external trigger input for TB20OUTH
Timer TB3 CCR1
TB3.1 22 16 - - 1/0 capture: CCI1A input
compare: Outl output
Timer TB3 CCR2
TB3.2 21 15 - - 1/0 capture: CCI2A input
compare: Out2 output
Timer TB3 CCR3
TB3.3 20 - - - 1/0 capture: CCI3A input
compare: Out3 output
Timer TB3 CCR4
TB3.4 19 - - - 1/0 capture: CCI4A input
compare: Out4 output
Timer TB3 CCR5
TB3.5 18 - - - 1/0 capture: CCI5A input
compare: Out5 outputs
Timer TB3 CCR6
TB3.6 17 - - - 1/0 capture: CCI6A input
compare: Out6 output
TB3CLK 16 - - - | Timer clock input TBCLK for TB3
MEM TX 42 33 36 - (0] Manchester function module transmit
RX 43 34 37 - | Manchester function module receive
VQFN
thermal pad - Pad - Pad - Connect the exposed thermal pad to VSS.
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4.4  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 6.11.
4.5 Buffer Type
Table 4-3 defines the pin buffer types that are listed in Table 4-1.
Table 4-3. Buffer Type
NOMINAL
OUTPUT DRIVE
BUFFER TYPE NOMINAL PU OR PD OTHER
(STANDARD) | VOLTAGE | HYSTERESIS PE Ol STRENGTH STFEE]NA?TH CHARACTERISTICS
(HA)
o) See See
LVEMOS 3.0V Y Programmable | geition 5.12.5 | Section 5.12.5
See the analog modules in
Analog 3oV N NIA N/A NIA Section 5 for details
Power (DVCC) 3.0V N N/A N/A N/A g\\;gce”ab'es hysteresis on
Power (AVCC) 3.0V N N/A N/A N/A
(1) Only for input pins
4.6 Connection of Unused Pins
Table 4-4 lists the correct termination of unused pins.
Table 4-4. Connection of Unused Pins®
PIN POTENTIAL COMMENT
Px.0 to Px.7 Open Set to port function, output direction (PxDIR.n = 1)
RST/NMI DvCC 47-kQ pullup or internal pullup selected with 10-nF (or 1.1-nF) pulldown @
TEST Open This pin always has an internal pulldown enabled.
(1) Any unused pin with a secondary function that is shared with general-purpose I/O should follow the Px.0 to Px.7 unused pin connection
guidelines.
(2) The pulldown capacitor should not exceed 1.1 nF when using devices with Spy-Bi-Wire interface in Spy-Bi-Wire mode with Tl tools like
FET interfaces or GANG programmers.
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5 Specifications

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

gi\ggg MIN MAX UNIT
Voltage applied at DVCC pin to Vsg T -0.3 4.1 Y
Voltage applied to any pin® T -0.3 X%C\/+Moé§ Y
Current across the whole chip including 1O currents T +50 mA
Diode current at any device pin T +2 mA
Maximum junction temperature, T, T 115 °C
Storage temperature, Tgg © T —40 125 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings can 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 can affect device reliability.

(2) All voltages referenced to Vgs.

(3) 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.

5.2 ESD Ratings

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

DEVICE
omADE | VALUE | UNIT
v Electrostatic | Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001() T +1000 v
(ESD)  discharge Charged-device model (CDM), per JEDEC specification JESD22-C101?) T +250

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

(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process. Manufacturing with
less than 250-V CDM is possible with the necessary precautions. Pins listed as +250 V may actually have higher performance.

5.3 Recommended Operating Conditions

DEVICE
GRADE MIN  NOM  MAX| UNIT
Vee Supply voltage applied at DVCC pin® @G) () T 1.8 36| V
Vss Supply voltage applied at DVSS pin T 0 \%
Ta Operating free-air temperature T -40 105| °C
T; Operating junction temperature T -40 115 °C
Copvce  Recommended capacitor at DVCC® T 47 10 uF
No FRAM wait states T 0 8
(NWAITSx = 0)
. (4)(6) With FRAM wait states
fsystem Processor frequency (maximum MCLK frequency) (NWAITSX = 1) @ T 0 16| MHz
With FRAM wait states ®
(NWAITSx = 2)() T 0 24

(1) Supply voltage changes faster than 0.2 V/us can trigger a BOR reset even within the recommended supply voltage range. Following the
data sheet recommendation for capacitor Cpycc limits the slopes accordingly.

(2) Modules can have a different supply voltage range specification. See the specification of the respective module in this data sheet.

(3) Tl recommends that power to the DVCC pin must not exceed the limits specified in Recommended Operating Conditions. Exceeding the
specified limits can cause malfunction of the device including erroneous writes to RAM and FRAM.

(4) The minimum supply voltage is defined by the SVS levels. See the SVS threshold parameters in Table 5-1.

(5) A capacitor tolerance of +20% or better is required. A low-ESR ceramic capacitor of 100 nF (minimum) should be placed as close as
possible (within a few millimeters) to the respective pin pair.

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

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

(8) If clock sources such as HF crystals or the DCO with frequencies >24 MHz are used, the clock must be divided in the clock system to
comply with this operating condition.
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