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MSP430FR203x Mixed-Signal Microcontrollers

1 Device Overview

1.1 Features

Embedded microcontroller
— 16-bit RISC architecture up to 16 MHz

— Wide supply voltage range from 3.6 V down to
1.8 V (minimum supply voltage is restricted by
SVS levels, see the SVS Specifications)

Optimized low-power modes (at 3 V)
— Active: 126 pA/MHz
— Standby

— LPM3.5 with VLO: 0.4 pA

— Real-time clock (RTC) counter (LPM3.5 with
32768-Hz crystal): 0.77 pA

— Shutdown (LPM4.5): 15 nA

Low-power ferroelectric RAM (FRAM)

— Up to 15.5KB 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

Intelligent digital peripherals

— IR modulation logic

— Two 16-bit timers with three capture/compare
registers each (Timer_A3)

— One 16-bit counter-only RTC counter

— 16-bit cyclic redundancy check (CRC)

Enhanced serial communications

— Enhanced USCI A (eUSCI_A) supports UART,
IrDA, and SPI

- Ezghanced USCI B (eUSCI_B) supports SPI and
|

High-performance analog

— 10-channel 10-bit analog-to-digital converter
(ADC)
— Internal 1.5-V reference
— Sample-and-hold 200 ksps

1.2 Applications

Smoke or fire detectors

Glass breakage detectors

Industrial sensor management

System supervisor, low-power coprocessors

Clock system (CS)
— On-chip 32-kHz RC oscillator (REFO)

— On-chip 16-MHz digitally controlled oscillator
(DCO) with frequency locked loop (FLL)

— *1% accuracy with on-chip reference at room
temperature

— On-chip very low-frequency 10-kHz oscillator
(VLO)

— On-chip high-frequency modulation oscillator
clock (MODCLK)

— External 32-kHz crystal oscillator (XT1)

— Programmable MCLK prescalar of 1 to 128

— SMCLK derived from MCLK with programmable
prescalar of 1, 2, 4, or 8

General input/output and pin functionality
— Total 60 1/Os on 64-pin package

— 16 interrupt pins (P1 and P2) can wake MCU
from LPMs

— All I/Os are capacitive touch 1/0s
Development tools and software

— Free professional development environments
Family members (also see Device Comparison)

— MSP430FR2033: 15KB of program FRAM +
512B of information FRAM + 2KB of RAM

— MSP430FR2032: 8KB of program FRAM +
512B of information FRAM + 1KB of RAM

Package options

— 64 pin: LQFP (PM)

— 56 pin: TSSOP (G56)
— 48 pin: TSSOP (G48)

Temperature sensors or controllers
Data storage, data integration
Human machine interface (HMI) controllers

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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1.3 Description

The TI MSP430™ family of low-power microcontrollers consists of several devices that feature different
sets of peripherals targeted for various applications. The architecture, combined with extensive low-power
modes, is optimized to achieve extended battery life in portable measurement applications. The device
features a powerful 16-bit RISC CPU, 16-bit registers, and constant generators that contribute to
maximum code efficiency. The DCO allows the device to wake up from low-power modes to active mode
in less than 10 ps.

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

Device Information®

PART NUMBER PACKAGE BODY SIZE®
MSP430FR2033IPM LQFP (64) 10 mm x 10 mm
MSP430FR2033IG56 TSSOP (56) 14.0 mm x 6.1 mm
MSP430FR20331G48 TSSOP (48) 12.5 mm x 6.1 mm
MSP430FR2032IPM LQFP (64) 10 mm x 10 mm
MSP430FR2032IG56 TSSOP (56) 14.0 mm x 6.1 mm
MSP430FR20321G48 TSSOP (48) 12.5 mm x 6.1 mm

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

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

Figure 1-1 shows the functional block diagram.

XIN  XOUT P1.x, P2.x P3.x, P4.x P5.x, P6.x P7.x, P8.
A A A A A
A
Capacitive Touch I/O
XT1 ADC FRAM RAM 7o Port
| - T T Pt gzs /O Ports 1/0 Ports 1/0 Ports
bvee Up to 10 %8 105 P3, P4 P5, P6 P7, P8
Power Clock _channels, 15KB+512B 2KB Interrupt 2x8 10s 2x8 10s 1x8 10s
DVSS Management System smg1le ended, 8KB+512B 1KB and Wakeup, 1x4 |0s
Module Control 208 EIL PA PB PC PD
RST/NMI sps 1%16 10s 1x16 10s 1x16 10s 1x12 10s
MAB
16-MHz CPU
with
16 registers MDB
I B
EEM \ [
sYs CRC16 TAO TA1 eusciao | | eusciso |' RTC |1
TCK — — | Counter |
™S 4 16-bit [ 16-bit \
TDITCLK p| JTAG Cydlic Timer_A Timer_A ReaiTime
TDO < Redundancy 3cc 3cc (UART, L aock |1
SBWTCK - — — — - — — — Check Registers Registers IrDA, SPI) (SPI, I'C) | |
Watchd )
SBWTDIO SBW atchdog | LPM3.5 Domain |

Figure 1-1. Functional Block Diagram

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

* P1 and P2 feature the pin-interrupt function and can wake the MCU from LPM3.5.

» Each Timer_AS3 has three CC registers, but only the CCR1 and CCR2 are externally connected. CCRO
registers can only be used for internal period timing and interrupt generation.

* In LPM3.5, the RTC counter can be functional while the remaining peripherals are off.

* Not all I/Os are bonded in TSSOP-56 and TSSOP-48 packages (refer to Table 4-1). All I/Os can be
configured as Capacitive Touch 1/Os.
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2 Revision History

NOTE: Page numbers for previous revisions may differ from page numbers in the current version.

Changes from revision D to revision E

Changes from January 22, 2019 to December 9, 2019 Page
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 ... ...ueiiieeeiiiieiiiie e rare s raiars s st sraaar s saannresaanness 15
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 .. ..uueiiiiieeiiii i sraneessaanressaannressaanneesaannresaannnes 15
Changed the note that begins "A capacitor tolerance of +20% or better is required..." in Section 5.3,
Recommended Operating CONGIIONS .. .uuuuvseirserseirserstre s srs s raa e saar e ran s sssesanrsanerns 15
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 FIEOUENCY) «.uuuuueeiiiiiteiiiintasisastessaaatssssanssssaannssssannsssaaannessnnnes 22
Changed the note that begins "Requires external capacitors at both terminals..." in Table 5-3, XT1 Crystal
OSCillator (LOW FrEOUEBNCY) wuuiuetesieinteeseaneesssanneessaneeseasnnessasnneesssnnnessssnnessssnnnessesnnessssnnnesssnnneesnns 22
Added the t;, parameter in Table 5-8, Digital INPULS .........ooiiiiiiiii 24
Added the tr cop parameter in Table 5-10, TIMEI_A. ..o 25
Corrected the test conditions for the R, yyx parameter in Table 5-17, ADC, Power Supply and Input Range
L0 T 11110} 31
Added the note that begins "tsampie = In(2™Y) x 7 ..." in Table 5-18, ADC, 10-Bit Timing Parameters.................... 31

Changes from revision C to revision D

Changes from August 30, 2018 to January 21, 2019 Page
Throughout the document, changed Modulation Oscillator (MODOSC) to Modulation Oscillator Clock (MODCLK).... 1
Added "or memory corruption” to note (1) in Section 5.1, Absolute Maximum Ratings .......ccvvviiieiiiiiinniiiinnenns 15
Added the note that begins "The VLO clock frequency is reduced by..." after Table 5-6, Internal Very-Low-Power
LoW-Frequency OSCIllAator (WLO) ..uiueereeirstsressaaterssiaseesaessanssssssansssasstanessasssantsssnssannssaessannssnnssnns 23
Added the tra cop parameter in Table 5-10, TIMEr_A. . ..o 25
Changed the parameter symbol from R, to R, yux in Table 5-17, ADC, Power Supply and Input Range Conditions.. 31
Added the R, ysc parameter in Table 5-17, ADC, Power Supply and Input Range Conditions .............coevivennnns 31
Removed ADCDIV from the formula for the tconvert TYP value, because ADCCLK is after division, in Table 5-

18, ADC, 10-Bit TiMiNG ParameEters .....uiieuueeiiiuiesiisnetiaastesiaanre st ssaaassssaassnssasannstsasnnssiannns 31
Added note (2) for R, calculation in Table 5-18, ADC, 10-Bit Timing Parameters......c.cvivvieriiiireriiinneeriaannenanns 31
Removed "+3°C" on both temperatures in the note that begins "The device descriptor structure contains..." in

Table 5-19, ADC, 10-Bit Lin@arity Parameters .....euieeeeerieareersaaneessaannessasnneessasnnessaannesssaannessmsnnnessnnnes 32
Add "10b" for ADCSSEL bit in Table 6-6, CIOCK DiStriULION . ..uvvveeeseeiiieiierees s eeeeerareareeeeeereasnnraaaanreees 39
Added Figure 6-1, Clock Distribution BIOCK DIiagram ........eeiiueeiiiiineisiiaessaaassssaansssisasssssaanssssaannsesanns 39
Corrected the spelling of the IRDSSEL bit in the paragraph that begins "The IR functions are controlled by..." in
Section 6.9.8, Timers (TIMer0_A3, TiMEIL _AB) . .ueiiiieeeiiiitettaantestaantessaanteetaannreseasnnessesnneessssnnessesnnens 44
Changed two instances of "ADC 1.5-V Reference Temperature" to "ADC 1.5-V Reference Temperature Sensor"

N Table 6-29, DEVICE DS P ONS .ttt tuetettnteetsaannessaanneesaaneesaasnnessaanneesaasnnessasnnenssannnessmsnnessssnnnessnn 62

Changes from revision B to revision C

Changes from August 15, 2015 to August 29, 2018 Page
e Updated Section 3.1, Related PrOOUCES ..uueeiiiseeeiiisesisistesssasssssanssessaassssssaasssssaannssssasnssssainnsssssnnnss 7
* Replaced all notes on Section 5.11, Thermal CharacteriStiCS ....uvvuevrieriieirieriir i raarsrieesans 19
e Added note to Vgygy. and Vgysy, parameters in Table 5-1, PMM, SVS and BOR ......vviiiiiiiriiieriiinneenninneennnns 20
* Added the trac,p parameter in Table 5-10, TIMEI_A. ... .o 25
* Updated the link to the BSL user's guide in Section 6.4, Bootloader (BSL)........iviiiiiiiiiiiiiiiiiiiiiaeeeenas 36
« Changed all instances of "bootstrap loader" to "bootloader” throughout document .........coveeviiiiiiiiiiiiiiiiaens 36
« Corrected the ADCINCHx column heading in Table 6-12, ADC Channel Connections .......cccvviiieeiiiiineninninnens 45
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« Updated Section 8, Device and Documentation Support, with device-specific information and links.................... 76
Changes from revision A to revision B
Changes from December 23, 2014 to August 14, 2015 Page
* Corrected "10-BIT ADC CHANNELS" column for MSP430FR2032IPM in Table 3-1, Device Comparison .............. 7
e Added Tgg MIN @nd MAX VAIUES «..uvtiieii sttt 15
o Added Section 5.2, ESD RaAliNGS. . .uuuuetiieteiiiuteeiraatesraatesraastessaaaresaaanestaaasnessaasssstaanssssiaannesisannns 15
« Changed all graphs in Section 5.9, Typical Characteristics, Low-Power Mode Supply Currents, for new
T2 ES ] =T 1= £ 18
* Added Vggr 1oy parameter to Table 5-1, PMM, SVS and BOR .......iiiiiiiiiiiiiiiiii e 20
* Added the trac,p parameter in Table 5-10, TIMEI_A.. ..o 25
+ Changed tgrg gap MIN value at 2 V from 40 NS t0 50 NS w.uvvviiiiiiiiiii i 28
+ Changed tgrg gap MIN value at 3V from 24 NS0 45 NS wuvuviiiiiiiii e 28
» Changed tya pso MAX value at 2 V from 55 NS 10 B5 NS ...vuiiiiiiiiiiiiiiii e 28
+ Changed tya pso MAX value at 3V from 30 NS 10 40 NS ...iuuiuiiiiiiiiiiiiiiiii i 28
e Changed the fapcosc TYP value from 4.5 MHZ t0 5.0 MHZ...ouuiiiiiiiii i e e 31
* In Table 6-1, Operating Modes, changed the entry for "Power Consumption at 25°C, 3 V" in AM from
100 PA/MHZ £0 126 AIMHEZ . .e ettt ittt e e s e e e e saae s s e et e s s e e saas s s an s san e s s nesannsan e sannsannesnnnsannesnnes 34
e In Table 6-1, Operating Modes, added "with RTC only" to the entry for "Power Consumption at 25°C, 3 V" in
[ 0 34
« In Table 6-2, Interrupt Sources, Flags, and Vectors, removed "FRAM access time error" (ACCTEIFG) from the
BRSSP 35
Changes from initial release to revision A
Changes from October 3, 2014 to December 22, 2014 Page
*  Moved Ty to Absolute Maximum RAUNGS «.v.eueuieieieieie e 15
* Added the tra o, Parameter in Table 5-10, TIMEI_A. ... .o 25
e Changed link to BSL user's guide in Section 6.4, BOOtoAder (BSL) «.uuuurerreeseesrasnnnesrannressssnnesssmnnnesmmsnneeenns 36
L Vo [ (=T I o L= (1 I (o TR = o N 39
e Changed the values of ADC Calibration Tag and ADC Calibration Length in the ADC Calibration row................. 62
« Added Calibration Tag, Calibration Length, and 1.5-V Reference in the Reference and DCO Calibration row ........ 63
e Added row for BSL memory t0 Table 6-30....uuuuiiisiiiiiiiniiiiiiiii i 63
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3 Device Comparison

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

Table 3-1. Device Comparison®®)

PROGRAM

DEVICE INFOSMATION (E;SsﬁENé) TAO, TA1T | eUSCIA | eUSCI B éﬁi:\m‘a’ig 10 | PACKAGE

FRAM (BYTES)

MSP430FR2033IPM 15360 + 512 2048 3x CCR® 1 1 10 60 (LQ'T:'\F",G 2
MSP430FR2033IG56 | 15360 +512 | 2048 | 3x CCR® 1 1 8 52 | (rse0ps6)
MSP430FR2033IG48 | 15360 +512 | 2048 | 3x CCRO 1 1 8 44| resopas)
MSP430FR2032IPM | 8192+512 | 1024 | 3xCCR® 1 1 10 60 | (orrsa
MSP430FR2032IG56 | 8192 +512 | 1024 | 3x CCR® 1 1 8 52 | rssopss)
MSP430FR20321G48 | 8192 +512 | 1024 | 3x CCR® 1 1 8 44| rssopas)

(1) For the most current device, package, and ordering information, see the Package Option Addendum in Section 9, 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) A CCR register is a configurable register that provides internal and external capture or compare inputs, or internal and external PWM

outputs.

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 MCUs
One platform. One ecosystem. Endless possibilities.

Companion products for MSP430FR2033
Review products that are frequently purchased or used with this product.

Reference designs for MSP430FR2033
Find reference designs leveraging the best in Tl technology to solve your system-level challenges.
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4 Terminal Configuration and Functions

4.1 Pin Diagrams
Figure 4-1 shows the 64-pin PM package.
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Figure 4-1. 64-Pin PM (LQFP) Designation (Top View)
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Figure 4-2 shows the 56-pin G56 package.

P7.5

P7.4

P7.3

P7.2

P7.1

P7.0

P4.7

P4.6

P4.5

P4.4

P4.3

P4.2/XOUT

P4.1/XIN

DVSS

DvCC

RST/NMI/SBWTDIO
TEST/SBWTCK

P4.0/TA1.1

P8.3/TA1.2

P8.2/TA1CLK
P1.7/TA0.1/TDO/A7
P1.6/TA0.2/TDI/TCLK/AG
P1.5/TAOCLK/TMS/A5
P1.4/MCLK/TCK/A4/VREF+
P1.3/UCAOSTE/A3
P1.2/UCAOCLK/A2
P1.1/UCAORXD/UCAOSOMI/A1/Veref+
P1.0/UCAO0TXD/UCAQSIMO/AQ/Veref-

OO HHHHAAAAHAHHAAAAAAAHHHANA

/O N\

1 56 [1J P3.0

2 55 [1J P3.1

3 54 [TJ P3.2

4 53 [ P3.3

5 52 [TJ P34

6 51 [1J P35

7 50 [1TJ P3.6

8 49 [T P3.7

9 48 [T P6.0

10 47 1 P6.1

1 46 [T P6.2

12 45 [T P6.3

13 44 1 P6.4

14 43 [ P6.5

15 42 [T P2.0

16 41 [T P21

17 40 [ P2.2

18 39 [1J P23

19 38 [1J P24

20 37 [ P25

21 36 [0 P26

22 35 [ P2.7

23 34 [1J P5.0/UCBOSTE
24 33 [1J P5.1/UCBOCLK
25 32 [TJ P5.2/UCB0OSIMO/UCBOSDA
26 31 [1J P5.3/UCBOSOMI/UCBOSCL
27 30 [ P54

28 29 [ P55

N\ /

Figure 4-2. 56-Pin DGG (TSSOP) Designation (Top View)
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Figure 4-3 shows the 48-pin G48 package.

/ O N\

P3.1 O 1 48 [ P3.2

P3.0 O 2 47 [ P33

P73 O 3 46 [ P3.4

P72 I 4 45 [T P3.5

P71 O 5 44 1 P3.6

P7.0 (I 6 43 [T P3.7

P47 O 7 42 [ P6.0

P46 (1] 8 41 [T P6.1

P45 T4 9 40 [ P6.2

P44 T4 10 39 [ P6.3

P43 O] 11 38 [ P2.0

P4.2/XOUT [T} 12 37 [ P21

P4.1/XIN [T} 13 36 [ P22

Dvss [T 14 35 [ P23

DvcC (I 15 34 [0 P24

RST/NMI/SBWTDIO [T} 16 33 [ P25

TEST/SBWTCK [T 17 32 [ P26

P4.0/TA1.1 T4 18 31 [ P27

P1.7/TA0.1/TDO/A7 [T 19 30 [ P5.0/UCBOSTE
P1.6/TA0.2/TDI/TCLK/A6 [T} 20 29 M P5.1/UCBOCLK
P1.5/TAOCLK/TMS/A5 [T 21 28 [TJ P5.2/UCB0OSIMO/UCBOSDA
P1.4/MCLK/TCK/A4/VREF+ [T} 22 27 [1J P5.3/UCBOSOMI/UCBOSCL
P1.3/UCAOSTE/A3 [T} 23 26 [TJ P1.0/UCAOTXD/UCAOSIMO/AQ/Veref—
P1.2/UCAOCLK/A2 (T} 24 25 [T] P1.1/UCAORXD/UCAOSOMI/A1/Veref+
N\ /

Figure 4-3. 48-Pin DGG (TSSOP) Designation (Top View)
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4.2 Signal Descriptions

Table 4-1 describes the signals for all device variants and package options.

Table 4-1. Signal Descriptions

TERMINAL
PACKAGE SUFFIX 1/0 DESCRIPTION
NAME
PM G56 G48
P4.7 1 7 7 1/0 General-purpose /0
P4.6 2 1/0 General-purpose /0
P4.5 3 9 9 1/0 General-purpose /0
P4.4 4 10 10 1/0 General-purpose /0
P4.3 5 11 11 1/0 General-purpose /0
General-purpose /0
P4.2/XOUT 6 12 12 /0
Output terminal for crystal oscillator
General-purpose 1/0
P4.1/XIN 7 13 13 1/0
Input terminal for crystal oscillator
DVSS 14 14 Power ground
DvVCC 15 15 Power supply
Reset input, active low
RST/NMI/SBWTDIO 10 16 16 1/0 Nonmaskable interrupt input
Spy-Bi-Wire data input/output
Test Mode pin — selected digital /0O on JTAG pins
TEST/SBWTCK 11 17 17 |
Spy-Bi-Wire input clock
General-purpose 1/0
P4.0/TAL.1 12 18 18 1/0
Timer TAL1 CCR1 capture: CCI1A input, compare: Outl outputs
General-purpose /0
P8.3/TAL.2(M 13 19 110
Timer TA1 CCR2 capture: CCI2A input, compare: Out2 outputs
General-purpose 1/0
P8.2/TA1CLK®Y 14 20 110
Timer clock input TACLK for TA1
General-purpose /0
P8.1/ACLK/A9(M 15 /O | ACLK output
Analog input A9
General-purpose /0
P8.0/SMCLK/A8(M 16 I/O | SMCLK output
Analog input A8
General-purpose 1/0®@
Timer TAO CCR1 capture: CCI1A input, compare: Outl outputs
P1.7/TA0.1/TDO/A7® 17 21 19 110
Test data output
Analog input A7
General-purpose /0@
Timer TAO CCR2 capture: CCI2A input, compare: Out2 outputs
P1.6/TA0.2/TDI/TCLK/A6® 18 22 20 110
Test data input or test clock input
Analog input A6

(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) Because this pin is multiplexed with the JTAG function, TI recommends disabling the pin interrupt function while in JTAG debug to

prevent collisions.
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Table 4-1. Signal Descriptions (continued)

TERMINAL
PACKAGE SUFFIX /0 DESCRIPTION
NAME
PM G56 G48
General-purpose /0@
Timer clock input TACLK for TAO
P1.5/TAOCLK/TMS/A5® 19 23 21 I/O
Test mode select
Analog input A5
General-purpose /0@
MCLK output
P1.4/IMCLK/TCK/A4IVREF+® | 20 24 22 I/O | Test clock
Analog input A4
Output of positive reference voltage with ground as reference
General-purpose 1/0
P1.3/UCAOSTE/A3 21 25 23 1/0 eUSCI_AO SPI slave transmit enable
Analog input A3
General-purpose 1/0
P1.2/UCAOCLK/A2 22 26 24 1/0 eUSCI_AO SPI clock input/output
Analog input A2
General-purpose 1/0
P1.1/UCAORXD/UCAOSOMI/ | - - o | BUSCILAO UART receive data
Al/Veref+ eUSCI_AO SPI slave out/master in
Analog input A1, and ADC positive reference
General-purpose 1/0
eUSCI_AO0 UART transmit data
ié}SIUCfAOTXD/UCAOSIMO/ 2 28 26 /o !
erei- eUSCI_AO SPI slave in/master out
Analog input A0, and ADC negative reference
p5.7( 25 I/O | General-purpose I/O
P5.6() 26 I/O | General-purpose I/O
p5.51) 27 29 I/O | General-purpose I/O
P5.40) 28 30 I/O | General-purpose I/O
General-purpose 1/0
P5.3/UCBOSOMI/UCBOSCL 29 31 27 lfe} ]
eUSCI_BO SPI slave out/master in; eUSCI_BO I2C clock
General-purpose 1/0
P5.2/UCB0SIMO/UCBOSDA 30 32 28 /0
eUSCI_BO SPI slave in/master out; eUSCI_BO I2C data
General-purpose 1/0
P5.1/UCBOCLK 31 33 29 /10 )
eUSCI_BO clock input/output
General-purpose 1/0
P5.0/UCBOSTE 32 34 30 /0
eUSCI_BO slave transmit enable
pP2.7 33 35 31 1/0 General-purpose 1/0
P2.6 34 36 32 1/0 General-purpose 1/0
pP2.5 35 37 33 1/0 General-purpose 1/0
pP2.4 36 38 34 1/0 General-purpose 1/0
pP2.3 37 39 35 1/0 General-purpose 1/0
pP2.2 38 40 36 1/0 General-purpose 1/0
P2.1 39 41 37 1/0 General-purpose 1/0
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Table 4-1. Signal Descriptions (continued)

TERMINAL
NAME PACKAGE SUFFIX I/0 DESCRIPTION
PM G56 G48
P2.0 40 42 38 1/0 General-purpose 1/0
P6.7(M 41 I/O | General-purpose /O
P6.6(M 42 I/O | General-purpose /O
P6.5M 43 43 I/O | General-purpose I/O
P6.4M 44 44 I/O | General-purpose /O
P6.3 45 45 39 1/0 General-purpose 1/0
P6.2 46 46 40 1/0 General-purpose 1/0
P6.1 47 47 41 1/0 General-purpose 1/0
P6.0 48 48 42 1/0 General-purpose 1/0
P3.7 49 49 43 1/0 General-purpose 1/0
P3.6 50 50 44 1/0 General-purpose 1/0
P3.5 51 51 45 1/0 General-purpose 1/0
P3.4 52 52 46 1/0 General-purpose 1/0
P3.3 53 53 a7 1/0 General-purpose 1/0
P3.2 54 54 48 1/0 General-purpose 1/0
P3.1 55 55 1/0 General-purpose 1/0
P3.0 56 56 1/0 General-purpose 1/0
p7.7M 57 I/O | General-purpose /O
p7.6M 58 I/O | General-purpose /O
p7.5M 59 1 I/O | General-purpose /O
p7.4M 60 2 I/O | General-purpose /O
P7.3 61 3 3 1/0 General-purpose 1/0
P7.2 62 4 4 1/0 General-purpose 1/0
P7.1 63 5 5 1/0 General-purpose 1/0
P7.0 64 6 6 1/0 General-purpose 1/0
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4.3 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 6.9.12.
4.4 Connection of Unused Pins
Table 4-2 shows the correct termination of unused pins.
Table 4-2. 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 1/0 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)®

MIN MAX UNIT
Voltage applied at DVCC pin to Vgg -0.3 4.1 \Y
Voltage applied to any pin® -0.3 @1 l\)llggntuom:; \Y
Diode current at any device pin +2 mA
Maximum junction temperature, T, 85 °C
Storage temperature, Tgig® —40 125 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage or memory corruption to the device.
These are stress ratings only, and functional operation of the device at these or any other conditions beyond those indicated under
Recommended Operating Conditions is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect
device reliability.

(2) All voltages referenced to 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
VALUE UNIT
o Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001 () +1000
Vesp) Electrostatic discharge - — 2 \%
Charged-device model (CDM), per JEDEC specification JESD22-Cc101®@ +250

(1) 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.

(2) 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.

5.3 Recommended Operating Conditions
Typical values are specified at Voc = 3.3 V and T, = 25°C (unless otherwise noted)

MIN NOM MAX | UNIT

Vee Supply voltage applied at DVCC pin@®)®) 1.8 36| V
Vss Supply voltage applied at DVSS pin 0 \
Ta Operating free-air temperature -40 85 °C
T; Operating junction temperature -40 85 °C
Covee Recommended capacitor at DVCC® 4.7 10 UF

No FRAM wait states 0 8

. o (NWAITSx = 0)

fsysTEM Processor frequency (maximum MCLK frequency)( ) - - MHz

With FRAM wait states 0 16®

(NWAITSx = 1)
facLk Maximum ACLK frequency 40| kHz
fsmeLk Maximum SMCLK frequency 16®) | MHz

(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 may have a different supply voltage range specification. See the specification of the respective module in this data sheet.

(3) TI 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 may 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 >16 MHz are used, the clock must be divided in the clock system to
comply with this operating condition.
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5.4 Active Mode Supply Current Into V. Excluding External Current®

FREQUENCY (fwcLk = fsmcLk)
1 MHz 8 MHz 16 MHz
PARAMETER B ony | coNblons | OWAITSTATES | OWAITSTATES | 1WAITSTATE | UNIT
(NWAITSX = 0) (NWAITSX = 0) (NWAITSX = 1)
TYP MAX TYP MAX TYP MAX
. FRAM 3V, 25°C 504 2874 3156 3700
law. Fram(0%) 0% cache hit ratio 3V, 85°C 516 2919 3205 WA
. FRAM 3V, 25°C 209 633 1056 1298
lam, FrAM(100%) 100% cache hit ratio 3V, 85°C 217 647 1074 WA
lam, ram® RAM 3V, 25°C 231 809 1450 PA
(1) Allinputs are tied to 0 V or to V¢c. Outputs do not source or sink any current. Characterized with program executing typical data
processing.
fACLK = 32786 Hz, fMCLK = fSMCLK = fDCO at Specified frequency
Program and data entirely reside in FRAM. All execution is from FRAM.
(2) Program and data reside entirely in RAM. All execution is from RAM. No access to FRAM.
5.5 Active Mode Supply Current Per MHz
Vee =3V, T = 25°C (unless otherwise noted)
PARAMETER TEST CONDITIONS TYP UNIT
. ) | 9 i at 8 MHz) —
Active mode current consumption per MHz, ((tam, 7596 cache hit rate
dlam Fram/df execution from FRAM, no wait states® EléMMﬁ;A’ cache hit rate at 1 MHZ)) 126 | pA/MHz
(1) All peripherals are turned on in default settings.
5.6 Low-Power Mode LPMO Supply Currents Into V.- Excluding External Current
Vee = 3V, T, = 25°C (unless otherwise noted)®®
FREQUENCY (fsmcLk)
PARAMETER Vce 1 MHz 8 MHz 16 MHz UNIT
TYP MAX TYP MAX TYP MAX
| L de LPMO | " 2V 158 307 415 A
ow-power mode su curren
LPMO P PRY 3V 169 318 427 H
(1) Allinputs are tied to 0 V or to Vcc. Outputs do not source or sink any current.
(2) Current for watchdog timer clocked by SMCLK included.
facLk = 32786 Hz, fyck = 0 MHz, fsycLk at specified frequency.
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5.7 Low-Power Mode LPM3 and LPM4 Supply Currents (Into Vc) Excluding External Current
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted) ®
-40°C 25°C 85°C
PARAMETER Vee UNIT
TYP MAX TYP MAX TYP MAX
I Low-power mode 3, includes SVS@ ) ®) 3V 113 131 199] 300 A
LPM3.XTL P ’ 2V | 106 121 2.94 .
I Low-power mode 3, VLO, excludes SVS®) 3V 0.92 100 175| 289 A
LPM3VLO P e 2V | 086 1.00 2.75 .
ILpM3, RTC Low-power mode 3, RTC, excludes SVS® 3V 1.08 1.25 3.04 PA
| L de 4. includes SVS 3V 0.65 0.75 1.88 A
ow-power mode 4, includes
LPM4, SVS P 2V | 063 0.73 1.85 .
3V 0.51 0.58 1.51
ILpma Low-power mode 4, excludes SVS HA
2V 0.50 0.57 1.49
(1) Allinputs are tied to 0 V or to VCC. Outputs do not source or sink any current
(2) Not applicable for devices with HF crystal oscillator only.
(3) Characterized with a Golledge MS1V-TK/I_32.768KHZ crystal with a load capacitance chosen to closely match the required load.
(4) Low-power mode 3, includes 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),
fxr1 = 32768 Hz, facik = fxt1, fmcik = fsmeik = 0 MHz
(5) Low-power mode 3, VLO, excludes SVS test conditions:
Current for watchdog timer clocked by VLO included. RTC disabled. Current for brownout included. SVS disabled (SVSHE = 0).
CPUOFF =1, SCG0 =1 SCG1 = 1, OSCOFF =0 (LPM3),
fxr1 = 0 HZ, facik = fmcLk = fsmerk = 0 MHz
(6) RTC periodically wakes up every second with external 32768-Hz as source.
5.8 Low-Power Mode LPMx.5 Supply Currents (Into Vc) Excluding External Current
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
—40°C 25°C 85°C
PARAMETER Vece UNIT
TYP  MAX TYP  MAX TYP MAX
Low-power mode 3.5, includes SVS®W® @) 3V 0.71 077 125| 106 2.06
lLpm3.5, XT1 . N HA
(also see Figure 5-2) 2V 0.66 0.70 0.95
I Low-power mode 4.5, includes SVS® 3V 023 025 0375| 032 043 A
LPMAS, SVS P s 2V | 020 0.20 0.24 H
- 3V 0.010 0.015 0.070| 0.073 0.140
I pMas Low-power mode 4.5, excludes SVS® PA
2V 0.008 0.013 0.060
(1) Not applicable for devices with HF crystal oscillator only.
(2) Characterized with a Micro Crystal MS1V-T1K crystal with a load capacitance chosen to closely match the required load.
(3) Low-power mode 3.5, includes 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 = fxr1, fmcik = fsmeik = 0 MHz
(4) Low-power mode 4.5, includes 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),
fxt1 =0 Hz, facik = fwcik = fsmcik =0 MHz
(5) Low-power mode 4.5, excludes 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, facik = fmcLk = fsmerk = 0 MHz
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5.9 Typical Characteristics, Low-Power Mode Supply Currents
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Figure 5-1. LPM3 Supply Current vs Temperature Figure 5-2. LPM3.5 Supply Current vs Temperature
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Figure 5-3. LPM4.5 Supply Current vs Temperature
18 Specifications Copyright © 2014-2019, Texas Instruments Incorporated

Submit Documentation Feedback
Product Folder Links: MSP430FR2033 MSP430FR2032


http://www.ti.com/product/msp430fr2033?qgpn=msp430fr2033
http://www.ti.com/product/msp430fr2032?qgpn=msp430fr2032
http://www.ti.com
http://www.ti.com/feedbackform/techdocfeedback?litnum=SLASE45E&partnum=MSP430FR2033
http://www.ti.com/product/msp430fr2033?qgpn=msp430fr2033
http://www.ti.com/product/msp430fr2032?qgpn=msp430fr2032

13 TEXAS

INSTRUMENTS

www.ti.com

MSP430FR2033, MSP430FR2032
SLASE45E ~OCTOBER 2014-REVISED DECEMBER 2019

5.10 Typical Characteristics - Current Consumption Per Module

MODULE TEST CONDITIONS REFERENCE CLOCK TYP UNIT
Timer_A Module input clock 5 HA/MHz
eUSCI_A UART mode Module input clock 7 HA/MHz
eUSCI_A SPI mode Module input clock 5 HA/MHz
eUSCI_B SPI mode Module input clock 5 HA/MHz
eUSCI_B I°C mode, 100 kbaud Module input clock 5 HA/MHz
RTC 32 kHz 85 nA
CRC From start to end of operation MCLK 8.5 HA/MHz

5.11 Thermal Characteristics

THERMAL METRIC® PACKAGE VALUE® UNIT
03a Junction-to-ambient thermal resistance, still air 61.7 °CIW
03c, (Top) Junction-to-case (top) thermal resistance 25.4 °CIW
038 Junction-to-board thermal resistance LQFP-64 (PM) 32.7 °CIW
Y8 Junction-to-board thermal characterization parameter 324 °CIW
YT Junction-to-top thermal characterization parameter 25 °CIW
03a Junction-to-ambient thermal resistance, still air 62.4 °CIW
03c, (Top) Junction-to-case (top) thermal resistance 18.7 °CIW
038 Junction-to-board thermal resistance TSSOP-56 (DGG56) 314 °CIW
Y8 Junction-to-board thermal characterization parameter 311 °CIW
YT Junction-to-top thermal characterization parameter 0.8 °CIW
03a Junction-to-ambient thermal resistance, still air 68.9 °CIW
03c, (Top) Junction-to-case (top) thermal resistance 23 °CIW
038 Junction-to-board thermal resistance TSSOP-48 (DGG48) 35.8 °CIW
Y8 Junction-to-board thermal characterization parameter 35.3 °CIW
YT Junction-to-top thermal characterization parameter 11 °CIW

(1) For more information about traditional and new thermal metrics, see Semiconductor and IC Package Thermal Metrics.
(2) The values are based on a JEDEC-defined 2S2P system (with the exception of the Theta JC (R0,c) value, which is based on a JEDEC-

defined 1SOP system) and will change based on environment and application. For more information, see these EIA/JJEDEC 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
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5.12 Timing and Switching Characteristics

5.12.1 Power Supply Sequencing

Figure 5-4 shows the power supply reset parameters.

VA
Power Cycle Reset SVS Reset BOR Reset

—

VSVSv

VEOR

tEOR

\ e

Figure 5-4. Power Cycle, SVS, and BOR Reset Conditions

Table 5-1. PMM, SVS and BOR
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
VBOR, safe Safe BOR power-down level® 0.1 \Y
tBOR, safe Safe BOR reset delay® 10 ms
IsvsH,AM SVSy current consumption, active mode Vec =36V 15| pA
IsvsH,LPM SVSy current consumption, low-power modes Vec =36V 240 nA
Vsvsh- SVSy power-down level ® 1.71 1.81 187 V
VsvsH+ SVSy, power-up level® 1.76 1.88 199 V
VsvsH_hys SVSy hysteresis 70 mV
tpp,SVSH, AM SVSy propagation delay, active mode 10| ps
tpD,SVSH, LPM SVSy propagation delay, low-power modes 100| ps
VREF, 1.2V 1.2-V REF voltage® 1.158 1.200 1.242| Vv

(1) A safe BOR can be correctly generated only if DVCC drops below this voltage before it rises.

(2) When an BOR occurs, a safe BOR can be correctly generated only if DVCC is kept low longer than this period before it reaches Vsysp+-

(3) For additional information, see the Dynamic Voltage Scaling Power Solution for MSP430 Devices With Single-Channel LDO Reference
Design.

(4) This is a characterized result with external 1-mA load to ground from —40°C to 85°C.
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5.12.2 Reset Timing

Table 5-2. 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 Ve MIN TYP MAX | UNIT
Additional wake-up time to activate the FRAM in AM
t if previously disabled by the FRAM controller or from 3V 10 s
WAKE-UP FRAM 3 | PM if immediate activation is selected for H
wakeup®
i i 1) 200 ns +
tWAKE-UP LPMO Wake-up time from LPMO to active mode 3V
twake.up Lpmz  Wake-up time from LPM3 to active mode @ 3V 10 ps
tWAKE-UP LPM4 Wake-up time from LPM4 to active mode 3V 10 us
twake-UP LPm3s  Wake-up time from LPM3.5 to active mode @ 3V 350 ps
t Wak time from LPM4.5 to acti de @ SVSHE=1 3V 30 HS
: ake-up time from .5 to active mode
WAKE-UP LPM4.5 p SVSHE = 0 3V 1 ms
Wake-up time from RST or BOR event to active
WAKE-UP-RESET  ode @ 3V 1 ms
Pulse duration required at RST/NMI pin to accept a
tRESET reset q P a 3V 2 us

(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.
(2) 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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5.12.3 Clock Specifications

Table 5-3. XT1 Crystal Oscillator (Low Frequency)

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

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
fxT1, LF XT1 oscillator crystal, low frequency | LFXTBYPASS =0 32768 Hz
. Measured at MCLK, o o
DCxr1, LF XT1 oscillator LF duty cycle fLexs = 32768 Hz 30% 70%
XT1 oscillator logic-level square-wave _103@®
fXTl,SW input freqUenCy LFXTBYPASS =1 32768 Hz
DCy11 sw LFXT _oscnlator logic-level square- LEXTBYPASS = 1 40% 60%
, wave input duty cycle
Oscillation allowance for LF crystals | LFXTBYPASS = 0, LFXTDRIVE = {3},
OhLext ©) fLext = 32768 Hz, Cp o = 12.5 pF 200 kQ
Integrated effective load @
Cef capacitance ® See 1 pF
fosc = 32768 Hz,
tstarTLexT  Start-up time ® LFXTBYPASS = 0, LFXTDRIVE = {3}, 1000 ms
Ta = 25°C, Cper = 12.5 pF
fraultLEXT Oscillator fault frequency XTS =019 0 3500| Hz
(1) To improve EMI on the LFXT oscillator, the following guidelines should be observed.

()
©)

(4)
®)

(6)

@)

(8)
9)

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 XIN and XOUT.

Avoid running PCB traces underneath or adjacent to the XIN and XOUT pins.

Use assembly materials and processes that avoid any parasitic load on the oscillator XIN and XOUT pins.

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

See MSP430 32-kHz Crystal Oscillators for details on crystal section, layout, and testing.

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 gxrt. sw-

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| ¢ = 3.7 pF

+ For LFXTDRIVE = {1}, 6 pF < C_ ¢ < 9 pF

*+ For LFXTDRIVE = {2}, 6 pF < C__¢¢ < 10 pF

+ For LFXTDRIVE = {3}, 6 pF < C|_¢¢ < 12 pF

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

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.

Includes start-up counter of 1024 clock cycles.

Frequencies above the MAX specification do not set the fault flag. Frequencies between the MIN and MAX specification may set the
flag. A static condition or stuck at fault condition sets the flag.

(10) Measured with logic-level input frequency but also applies to operation with crystals.
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Table 5-4. DCO FLL, Frequency
over recommended operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Vee MIN TYP  MAX| UNIT
FLL lock frequency, 16 MHz, 25°C Measured at MCLK, Internal -1.0% 1.0%
; FLL lock frequency, 16 MHz, —40°C to 85°C trimmed REFO as reference 3y | —2:0% 2.0%
DCO, FLL
FLL lock frequency, 16 MHz, —40°C to 85°C yffsc‘ﬂ;‘;?af‘gg"%—ge e ~0.5% 0.5%
fouty Duty cycle 40% 50% 60%
Jitterge Cycle-to-cycle jitter, 16 MHz Measured at MCLK, 0.25%
Jitteripng  Long-term jitter, 16 MHz XT1 crystal as reference 3V 0.022%
tELL, lock FLL lock time 120 ms
Table 5-5. REFO
over recommended operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Vee MIN TYP  MAX| UNIT
IREFO REFO oscillator current consumption Tp=25°C 3V 15 MA
feero REFO calibrated frequency Measured at MCLK 3V 32768 Hz

REFO absolute calibrated tolerance —40°C to 85°C 1.8Vto3.6V | -3.5% 3.5%
dfrero/dr  REFO frequency temperature drift Measured at MCLK® 3V 0.01 %/°C
SI/RCECFO/ REFO frequency supply voltage drift g";"’gg{ed at MCLK at 1.8Vto3.6V 1 %/V
foc REFO duty cycle Measured at MCLK 1.8Vto3.6V 40% 50% 60%
tsTART REFO start-up time 40% to 60% duty cycle 50 us

(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(2 V to 3.6 V) — MIN(2 Vt0 3.6 V)) / MIN2Vt0 3.6 V) / (3.6 V-2V)

Table 5-6. Internal Very-Low-Power Low-Frequency Oscillator (VLO)
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Vce MIN TYP  MAX| UNIT
fuLo VLO frequency Measured at MCLK 3V 10 kHz
dfyo/dr  VLO frequency temperature drift Measured at MCLK®) 3V 0.5 %/°C
dfy o/dVce VLO frequency supply voltage drift Measured at MCLK @ 1.8Vto3.6V 4 %IV
fvLo,nc Duty cycle Measured at MCLK 3V 50%

(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 : - _
NOTE

The VLO clock frequency is reduced by 15% (typical) when the device switches from active

mode to LPM3 or LPM4, because the reference changes. This lower frequency is not a

violation of the VLO specifications (see Table 5-6).

Table 5-7. Module Oscillator Clock (MODCLK)

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

PARAMETER Vee MIN TYP  MAX| UNIT
fmobcLk MODCLK frequency 3V 3.8 4.8 5.8| MHz
fmopcLk/dT MODCLK frequency temperature drift 3V 0.102 %/°C
fuopck/dVee  MODCLK frequency supply voltage drift 1§6v\}o 1.02 %IV
fwobcLk,pc Duty cycle 3V 40% 50% 60%
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5.12.4 Digital I1/0s

Table 5-8. 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 2V 0.90 1.50

ViT+ Positive-going input threshold voltage 3V 135 225 \%
. o 2V 0.50 1.10

Vir_ Negative-going input threshold voltage 3V 075 165 \%
) 2V 0.3 0.8

Vhys Input voltage hysteresis (Vir+ — Vi) 3V 04 12 \%

Rpul Pullup or pulldown resistor Eg; BE::gg\:N\;I:NV:INV:S%CC 20 35 50| kQ

Ci,dig Input capacitance, digital only port pins V|n = Vss or Ve 3 pF

Input capacitance, port pins with shared analo
Ciana fuﬁctiong portp 9 | Vin=VssorVee 5 pF
lkgpxy) High-impedance leakage current®@ 2V,3V -20 20| nA
. o ) Ports with interrupt capability
tim External interrupt timing (external trigger pulse (see block diagram and 2V.3V 50 ns

duration to set interrupt flag)

terminal function descriptions)

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

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

(3) An external signal sets the interrupt flag every time the minimum interrupt pulse duration ty) is met. It may be set by trigger signals
shorter than tpny.

Table 5-9. Digital Outputs
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Vce MIN TYP  MAX| UNIT
[ =-3mAW® 2V 1.4 2.0
Vou High-level output voltage (OHmax) o v
I(OHmax) =-5mA 3V 2.4 3.0
[ =3mA® 2V 0.0 0.60
VoL Low-level output voltage (OLmax) o v
l©oHmax) = 5 MA 3V 0.0 0.60
5 2V 16
frort cuk  Clock output frequency C_=20pF® MHz
- 3V 16
L - . 2V 10
trise,dig Port output rise time, digital only port pins C_=20pF v = ns
) . ) 2V 10
tall,dig Port output fall time, digital only port pins C_=20pF v c ns
(1) The maximum total current, lioHmax) @nd lioLmax), for all outputs combined should not exceed +48 mA to hold the maximum voltage drop

specified.
(2) The port can output frequencies at least up to the specified limit and might support higher frequencies.
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5.12.4.1 Digital I/O Typical Characteristics

Low-Level Output Voltage (V)
Figure 5-5. Typical Low-Level Output Current vs Low-Level
Output Voltage (DVCC =3 V)
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Low-Level Output Voltage (V)

Figure 5-6. Typical Low-Level Output Current vs Low-Level
Output Voltage (DVCC =2 V)

High-Level Output Voltage (V)
Figure 5-7. Typical High-Level Output Current vs High-Level
Output Voltage (DVCC =3 V)
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High-Level Output Voltage (V)
Figure 5-8. Typical High-Level Output Current vs High-Level
Output Voltage (DVCC =2 V)

5.12.5 Timer_A

Table 5-10. Timer_A Recommended Operating Conditions
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Vee MIN MAX | UNIT
Internal: SMCLK or ACLK,
fra Timer_A input clock frequency External: TACLK, 2V,3V 16| MHz
Duty cycle = 50% +10%
) - All capture inputs, minimum pulse
tracap Timer_A capture timing duration required for capture 2V,3V 20 ns
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5.12.6 eUSCI

Table 5-11. eUSCI (UART Mode) Recommended Operating Conditions
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Vee MIN MAX| UNIT
Internal: SMCLK or MODCLK,
feusci  €USCI input clock frequency External: UCLK, 2V,3V 16| MHz

Duty cycle = 50% +10%

BITCLK clock frequency

(equals baud rate in Mbaud) 2V,3V 5| Mhz

fiTeLk

Table 5-12. eUSCI (UART Mode) Switching Characteristics
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Vce TYP | UNIT
UCGLITx =0 12
. . ) UCGLITx =1 40
t UART receive deglitch time @ 2V,3V ns
UCGLITx =2 68
UCGLITx =3 110

(1) Pulses on the UART receive input (UCXRX) shorter than the UART receive deglitch time are suppressed. To ensure that pulses are
correctly recognized, their duration should exceed the maximum specification of the deglitch time.

Table 5-13. eUSCI (SPI Master Mode) Recommended Operating Conditions

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN MAX | UNIT
Internal: SMCLK or MODCLK,

feusci eUSCI input clock frequency Duty cycle = 50% +10% 8| MHz
Table 5-14. eUSCI (SPI Master Mode) Switching Characteristics
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)®
PARAMETER TEST CONDITIONS Vee MIN MAX UNIT
. . _ _ UCxCLK
tsteteap  STE lead time, STE active to clock UCSTEM =1, UCMODEXx = 01 or 10 1 cycles
. o _ _ UCXCLK
tsTE LAG STE lag time, Last clock to STE inactive UCSTEM =1, UCMODEXx = 01 or 10 1 cycles
t SOMI i t dat; tup ti 2V 45
input data setup time ns
SUMI p p 3v 35
t SOMI input data hold ti 2V 0
input data hold time ns
HD,MI p 3V 0
o UCLK edge to SIMO valid 2V 20
t SIMO output data valid time ® ' ns
VALID,MO p C, =20 pF 3v 20
. 2V 0
tho.Mo SIMO output data hold time ©) C_ =20 pF Y 5 ns

(1) fucxerk = L2t o) With t o = Mmax(tvaLio,Moeusc) + tsu,si(slave) tsumieuscr) + tVALID,SO(Slave))
For the slave parameters tsy sisiave) and tyaLip,so(slave), S€€ the SPI parameters of the attached slave.

(2) 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 5-9 and Figure 5-10.

(3) 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 Figure 5-
9 and Figure 5-10.
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Figure 5-9. SPI Master Mode, CKPH =0
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Figure 5-10. SPI Master Mode, CKPH =1
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Table 5-15. 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
t, STE lead ti STE active to clock 2V >
ead time, active to cloc ns
STE,LEAD 3V 5
) . . 2V 20
tsTELAG STE lag time, Last clock to STE inactive ns
' 3V 20
. . 2V 65
tsTE ACC STE access time, STE active to SOMI data out ns
’ 3V 40
STE disable time, STE inactive to SOMI high 2V 40
tsTeE,DIS impedance ns
Impe 3V 35
t SIMO i t dat tup ti 2V
input data setup time ns
Su,SI p p 3V 2
t; SIMO input data hold ti 2V 12
input data hold time ns
HD,SI p 3V 12
i LK edge to SOMI valid 2V 65
t SOMI output data valid time? uc ’ ns
VALID,SO p C. =20 pF 3V 20
B 2V
thp,so SOMI output data hold time C_=20pF 3v ns

(1) fucxerk = L2t oy With t o 2 max(tyaLip,moMaster) * tsu,sieusc) tsu MiMaster) + tvALID,sOEUSCH)
For the master parameters tsy mimaster) aNd tyaLip,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 5-11 and Figure 5-12.

(3) Specifies how long data on the SOMI output is valid after the output changing UCLK clock edge. See the timing diagrams in Figure 5-11

and Figure 5-12.
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