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MSP430FR2422 Mixed-Signal Microcontroller
1 Features * Clock system (CS)

* Embedded microcontroller
— 16-bit RISC architecture
— Clock supports frequencies 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 ultra-low-power modes
— Active mode: 120 yA/MHz (typical)

— Standby: LPM3.5, real-time clock (RTC)
counter with 32768-Hz crystal: 710 nA (typical)

— Shutdown (LPM4.5): 36 nA without SVS
* Low-power ferroelectric RAM (FRAM)

— Up to 7.5 KB 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

— High FRAM-to-SRAM ratio, up to 4:1
* High-performance analog

— Up to 8-channel 10-bit analog-to-digital
converter (ADC)
* Internal 1.5-V reference
+ Sample-and-hold 200 ksps
+ Intelligent digital peripherals
— Two 16-bit timers with three capture/compare
registers each (Timer_A3)
— One 16-bit counter-only RTC
— 16-bit cyclic redundancy check (CRC)
» Enhanced serial communications with support for
pin remap feature (see Device Comparison)
— One eUSCI_A supports UART, IrDA, and SPI
— One eUSCI_B supports SPI and 12C

3 Description

— 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
(MODOSC)

— External 32-kHz crystal oscillator (LFXT)

— Programmable MCLK prescalar of 1 to 128

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

* General input/output and pin functionality
— Total of 15 1/0s on VQFN-20 package
— 15 interrupt pins (P1 and P2) can wake MCU
from low-power modes

» Development tools and software
— Development tools

+ Target development board
MSP-TS430RHL20

+ Family Members (Also See Device Comparison)

— MSP430FR2422: 7.25KB of program FRAM,
256B of information FRAM, 2KB of RAM

» Package options
— 20-pin: VQFN (RHL)
— 16-pin: TSSOP (PW)

2 Applications

* Industrial sensors

+ Battery packs

* Portable appliances

» Electric toothbrushes

» Low-power medical, health, and fitness

MSP430FR2422 is part of the MSP430™ value line microcontroller (MCU) portfolio, TI's lowest cost family of
MCUs for sensing and measurement applications. The MSP430FR2422 MCU provides 8KB of nonvolatile
memory with an 8-channel 10-bit ADC. The architecture, FRAM, and integrated peripherals, combined with
extensive low-power modes, are optimized to achieve extended battery life in portable and battery-powered
sensing applications. Available in a 16-pin TSSOP or a 20-pin VQFN package.

TI's MSP430 ultra-low-power 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

nonvolatility of flash.

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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The MSP430FR2422 MCU is 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-TS430RHL20
20-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.

Device Information

PART NUMBER (1) PACKAGE BODY SIZE®?
MSP430FR2422IPW16 TSSOP (16) 5mm x 4.4 mm
MSP430FR2422IRHL VQFN (20) 4.5 mm x 3.5 mm

(1)  For the most current part, package, and ordering information, see the Package Option Addendum
in Section 12, 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 12.

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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4 Functional Block Diagram

Figure 4-1 shows the functional block diagram.
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Figure 4-1. Functional Block Diagram

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

» P1 and P2 feature the pin interrupt function and can wake up the MCU from all LPMs, including LPM3.5 and
LPM4.

» Each Timer_A3 has three capture/compare registers, but only CCR1 and CCR2 are externally connected.
CCRO registers can be used only for internal period timing and interrupt generation.

* In LPM3.5, the RTC module can be functional while the rest of the peripherals are off.
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5 Revision History
NOTE: Page numbers for previous revisions may differ from page numbers in the current version.

Changes from revision C to revision D

Changes from December 11, 2019 to January 29, 2021 Page
» Updated the numbering format for tables, figures, and cross-references throughout the document.................. 1
* Added the TMS signal to pin 12 in Figure 7-2, 16-Pin PW Package (TOp VIEW) ............ccoooeceiviiveeiieeeeeeeeeeeens 8
» Corrected the assignments for TA0.2 and TAO.1 for RHL pins 16 and 17 and PW pins 12 and 13 in Table 7-1,
PN ATEFIDULES ...ttt ettt ettt e e e e e e e oo e aa ettt et e et e e e e e e e e e e e nbabeeeeeeeaeaeee e e e e nanreeneeeas 9

Changes from revision B to revision C

Changes from August 20, 2019 to December 10, 2019 Page
» Changed the note that begins "Supply voltage changes faster than 0.2 V/us can trigger a BOR reset..." in
Section 8.3, Recommended Operating CONAITIONS ..............c..uuuuiiiiiiiie ettt a e e e e e e e e e 14
* Added the note that begins "TI recommends that power to the DVCC pin must not exceed the limits..." in
Section 8.3, Recommended Operating CONAIIONS ...............c...uuueeiiiiiee i 14
» Changed the note that begins "A capacitor tolerance of £20% or better is required..." in Section 8.3,
Recommended Operating CONGILIONS ..............ouiuuuiii ittt e e e 14
* Added the note "See MSP430 32-kHz Crystal Oscillators for details on crystal section, layout, and testing" to
Section 8.12.3.1, XT1 Crystal OSCillator (LOW FreQUENCY) .........cocuueeiiiiiiiiee et 21
» Changed the note that begins "Requires external capacitors at both terminals..." in Section 8.12.3.1, XT1
Crystal OSCIllator (LOW FrEQUEINCY) ......uueeeeieeee ettt ettt e e e e e e e e e e e e e e e e e e e e e s e s easbsranreaaaaaeeanas 21
» Corrected the test conditions for the R, parameter in Section 8.12.8.1, ADC, Power Supply and Input Range
(00T 1104 KRS 34
+ Added the note that begins "tsample = In(2"*") x 1 ..." in Section 8.12.8.2, ADC, 10-Bit Timing Parameters ....34
* Added "1.5-V reference factor" in Table 9-18, Device DESCIIPIOIS .........ccueeiiiiiuiiiiiiiiiee e 56
» Changed the CRC covered end address to 0x1AF5 in note (1) in Table 9-18, Device Descriptors ................ 56

Changes from revision A to revision B

Changes from November 8, 2018 to August 19, 2019 Page
LG oTo =1 (Yo IRST=Tor 1 o] Wt IR == 1RSSR 1
* Changed CapTlvate BSWP demonstration board to CapTlvate phone demonstration board in note (11) on
Section 8.7, Low-Power Mode (LPM3, LPM4) Supply Currents (Into V¢) Excluding External Current ......... 16
» Changed CapTlvate BSWP demonstration board to CapTlvate phone demonstration board in note (19) on
Section 8.7, Low-Power Mode (LPM3, LPM4) Supply Currents (Into Vc¢) Excluding External Current ......... 16
*  Updated Section 11.2, Device NOMENCIALUIE ................uuuuiieaeiiiiie et e e e e e e e e e e ae e aeaens 71

Changes from initial release to revision A

Changes from January 12, 2018 to November 7, 2018 Page

* Changed list item "Wide supply voltage range from 3.6 V down to 1.8 V..." in Section 1, Features .................. 1

*  Updated Section 6.1, Related ProQUCES ..........cccuuieiiiiiii ittt a e e e e e e e e e e e e e e e e e e e e e e e e as 7

* Changed HBM limit to £1000 V and CDM limit to 250 V in Section 8.2, ESD Ratings ........ccccccccevviueeeeennnne 14

» Changed the MIN value of the V¢ parameter from 2 V to 1.8 V in Section 8.3, Recommended Operating
(00T oo /1[4 L T PP PT P PP PP PRRR PP 14

» Changed the crystal in the footnote that begins "Characterized with a Seiko Crystal SC-32S crystal..." in
Section 8.7, Low-Power Mode (LPM3, LPM4) Supply Currents (Into Vc¢) Excluding External Current ......... 16
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» Changed the crystal in the footnote that begins "Characterized with a Seiko Crystal SC-32S crystal..." in

Section 8.8, Low-Power Mode (LPMx.5) Supply Currents (Into Vcc) Excluding External Current .................. 17
* Added note on Vgysny. and Vgysh+ parameters to Section 8.12.1.1, PMM, SVS and BOR ..........cccccuveeeeeeen... 19
* Changed the minimum V¢ from 2.0 V to 1.8 V in the test conditions for the frero, dfrRero/ dvece, and fpe
parameters and in note (2) in Section 8.12.3.4, REFO ......c.uuiiii ittt 22
* Changed the minimum V¢ from 2.0 V to 1.8 V in the test conditions for the dfy o/dVcc parameter and in
note (2) in Section 8.12.3.5, Internal Very-Low-Power Low-Frequency Oscillator (VLO) .........c.ccccooiovieinnnne. 24
* Changed the minimum V¢ from 2.0 V to 1.8 V in the test conditions for the fyoposc/dVec parameter in
Section 8.12.3.6, Module Oscillator (MODOSC) ..........oocoiiueeiee et eee et a e e e e e eaaaeaaean 24
» Corrected bitfield from RTCCLK to RTCCKSEL in table note that starts "Controlled by ..." in Table 9-8, Clock
DISTIIDULION ...ttt e e oo oo oottt e et e e e e e e o e e e bbbt e et et e e e e e e e e ea e aanbbnbeeeeeeaaeeeaan 44
» Corrected bitfield from IRDSEL to IRDSSEL in Section 9.10.8, Timers (Timer0_A3, Timer1_A3), in the
description that starts "The interconnection of Timer0_A3 and ..." ... 49
* Corrected ADCINCHXx column heading in Table 9-13, ADC Channel Connections .............cccccoeceiviiieneennne. 50
* Added P1SELC information in Table 9-28, Port P1, P2 Registers (Base Address: 0200h) ............cccccceeeen.e. 58
* Added P2SELC information in Table 9-28, Port P1, P2 Registers (Base Address: 0200h) ..............cccceeeee...... 58
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6 Device Comparison

Table 6-1 summarizes the features of the available family members.

Table 6-1. Device Comparison

PROGRAM FRAM +
DEVICE(™ INFORMATION R TAO,TA1 eUSCIA | eusciB | 9:BITADC GPIOs | PACKAGE®
(bytes) CHANNELS
FRAM (bytes)
(3) 20 RHL
MSP430FR2422IRHL 7424 + 256 2048 | 2,3xCCR 1 1 8 15
(VQFN)
MSP430FR2422IPW16 7424 + 256 2048 | 2,3xCCR® 1 1 5 11 16 PW
' (TSSOP)

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

www.ti.com.

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

packaging.

(3) A CCRregister is a configurable register that provides internal and external capture or compare inputs, or internal and external PWM

outputs.

6.1 Related Products

For information about other devices in this family of products or related products, see the following links.

TI 16-bit and 32-bit microcontrollers

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

Products for MSP430 ultra-low-power sensing and measurement microcontrollers

One platform. One ecosystem. Endless possibilities.
Companion Products for MSP430FR2422

Review products that are frequently purchased or used in conjunction with this product.

Reference Designs

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

7.1 Pin Diagrams

Figure 7-1 shows the pinout of the 20-pin RHL package.
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Figure 7-1. 20-Pin RHL Package (Top View)

Figure 7-2 shows the pinout of the 16-pin PW package.
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Figure 7-2. 16-Pin PW Package (Top View)
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7.2 Pin Attributes
Table 7-1 lists the attributes of all pins.
Table 7-1. Pin Attributes

R:Ir NUMB:’:ZG SIGNAL NAME() (4) ??pNEA(‘zl)- BUFFER TYPE(®) POWER SOURCE®) EE.?E; gggg
P1.1 (RD) 110 LVCMOS DvVCC OFF
UCBOCLK 1/0 LVCMOS DvCC -
1 1 ACLK 110 LVCMOS DvCC -
A1 | Analog DvCC -
VREF+ | Analog Power -
P1.0 (RD) 1/0 LVCMOS DVCC OFF
5 5 UCBOSTE 1/0 LVCMOS DVCC -
A0 | Analog DVCC -
Veref+ | Analog Power —
TEST (RD) | LVCMOS DVCC OFF
3 3 SBWTCK | LVCMOS DvCC -
RST (RD) I LVCMOS DvCC OFF
4 4 NMI I LVCMOS DVCC -
SBWTDIO 1/0 LVCMOS DVCC -
5 DvCC P Power DVCC N/A
6 6 DVSS P Power DVCC N/A
P2.1 (RD) 110 LVCMOS DvVCC OFF
UCAORXD | LVCMOS DVCC -
! ! UCAOSOMI 1/0 LVCMOS DvVCC -
XIN I LVCMOS DvCC -
P2.0 (RD) 1/0 LVCMOS DvVCC OFF
UCAOTXD (e} LVCMOS DVCC -
8 8 UCAOSIMO 1/0 LVCMOS DVCC -
XOUT (e} LVCMOS DVCC -
P2.6 (RD) 110 LVCMOS DvVCC OFF
9 - UCBOSOMI 1/0 LVCMOS DVCC -
UCBOSCL 1/0 LVCMOS DvVCC -
P2.5 (RD) 1/0 LVCMOS DvCC OFF
uCBOSIMO 1/0 LVCMOS DvVCC -
10 ~ |ucBosDA 110 LVCMOS DvCC -
A7 | Analog DvCC -
P2.4 (RD) 1/0 LVCMOS DVCC OFF
TA1CLK | LVCMOS DvCC -
" - UCBOCLK 1/0 LVCMOS DvCC -
A6 | Analog DvVCC —
P2.3 (RD) 1/0 LVCMOS DvCC OFF
12 _ TA1.2 1/0 LVCMOS DvVCC -
UCBOSTE 1/0 LVCMOS DVCC -
A5 | Analog DvVCC -
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Table 7-1. Pin Attributes (continued)

PIN NUMBER SIGNAL RESET STATE
(1) (4) (3) (5)
Rl = SIGNAL NAME TYPE®@ BUFFER TYPE POWER SOURCE AFTER BOR®)
P2.2 (RD) 1/0 LVCMOS DvVCC OFF
13 9 TA1.1 1/0 LVCMOS DVCC -
A4 | Analog DvCC -
P1.7 (RD) 1/0 LVCMOS DVCC OFF
14 10 UCAOSTE 1/0 LVCMOS DvCC -
TDO (¢} LVCMOS DVCC -
P1.6 (RD) 1/0 LVCMOS DvCC OFF
UCAOCLK 1/0 LVCMOS DvCC -
15 1 TAOCLK I LVCMOS DvVCC -
TDI I LVCMOS DVCC -
TCLK I LVCMOS DVCC -
P1.5 (RD) 1/0 LVCMOS DVCC OFF
UCAORXD I LVCMOS DVCC -
16 12 UCAOQOSOMI 1/0 LVCMOS DvVCC -
TAO.2 1/0 LVCMOS DVCC -
T™MS I LVCMOS DvCC -
P1.4 (RD) 1/0 LVCMOS DvVCC OFF
UCAOTXD o LVCMOS DVCC -
17 13 UCAOSIMO 1/0 LVCMOS DVCC -
TAO.1 1/0 LVCMOS DVCC -
TCK I LVCMOS DVCC -
18 14 DNC - - - -
P1.3 (RD) 1/0 LVCMOS DvCC OFF
UCBOSOMI 1/0 LVCMOS DvCC -
19 15 UCBOSCL 1/0 LVCMOS DvCC -
MCLK e} LVCMOS DVCC -
A3 | Analog DvCC -
P1.2 (RD) 1/0 LVCMOS DVCC OFF
UCBOSIMO 110 LVCMOS DvVCC -
20 16 UCBOSDA 1/0 LVCMOS DvVCC -
SMCLK (¢} LVCMOS DvCC -
A2 | Analog DvCC -
Veref- | Analog Power -

(1)  Signals names with (RD) denote the reset default pin name.

(2) Signal Types: | = Input, O = Output, /O = Input or Output
(3) Buffer Types: LVCMOS, Analog, or Power (see Table 7-3)
(4) To determine the pin mux encodings for each pin, see Section 9.11.

(6) The power source shown in this table is the 1/0O power source, which may differ from the module power source.

(6) Reset States:

OFF = High-impedance with Schmitt trigger and pullup or pulldown (if available) disabled
N/A = Not applicable
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7.3 Signal Descriptions

Table 7-2 describes the signals for all device variants and package options.

Table 7-2. Signal Descriptions

PIN NUMBER PIN
FUNCTION SIGNAL NAME RHL = TYPE(® DESCRIPTION

AO 2 2 | Analog input A0
A1 1 | Analog input A1
A2 20 16 | Analog input A2
A3 19 15 | Analog input A3

ADC A4 13 9 | Analog input A4
A5 12 - | Analog input A5
A6 11 - | Analog input A6
A7 10 - | Analog input A7
Veref+ 2 | ADC positive reference
Veref- 20 16 | ADC negative reference
ACLK 1 1 1/0 ACLK output
MCLK 19 15 (0] MCLK output

Clock SMCLK 20 16 (0] SMCLK output
XIN 7 7 | Input terminal for crystal oscillator
XOuT 8 8 (0] Output terminal for crystal oscillator
SBWTCK 3 3 | Spy-Bi-Wire input clock
SBWTDIO 4 4 lfe} Spy-Bi-Wire data input/output
TCK 17 13 | Test clock
TCLK 15 11 | Test clock input

Debug
TDI 15 11 | Test data input
TDO 14 10 (0] Test data output
TEST 3 | Test mode pin — selected digital /0 on JTAG pins
TMS 16 12 | Test mode select
P1.0 2 1/0 General-purpose 1/0
P1.1 1 1 1/0 General-purpose /0
P1.2 20 16 1/0 General-purpose /0
P1.3 19 15 1/0 General-purpose 1/0
P1.4 17 13 110 General-purpose 1/0®)
P1.5 16 12 110 General-purpose 1/0®)
P1.6 15 1 110 General-purpose 1/0¢)

GPIO P1.7 14 10 I/O General-purpose 1/0¢)
P2.0 8 8 1/0 General-purpose /0
P2.1 7 7 1/0 General-purpose 1/0
P2.2 13 9 1/0 General-purpose 1/0
P2.3 12 - 1/0 General-purpose 1/0
P2.4 11 - 1/0 General-purpose 1/0
P2.5 10 - 1/0 General-purpose /0
P2.6 9 - 1/0 General-purpose 1/0
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Table 7-2. Signal Descriptions (continued)

PIN NUMBER PIN
FUNCTION SIGNAL NAME STl B TYPEM DESCRIPTION
UCBOSCL®@ 19 15 110 eUSCI_BO I2C clock
. UCBOSDA) 20 16 110 eUSCI_BO I2C data
e UCBOSCL®@ 9 - I/0 eUSCI_BO I2C clock
UCBOSDA®) 10 - 110 eUSCI_BO I°C data
DVCC 5 P Power supply
Power DVSS 6 P Power ground
VREF+ 1 1 P Output of positive reference voltage with ground as reference
UCAOSTE 14 10 1/0 eUSCI_AO0 SPI slave transmit enable
UCAOCLK 15 11 1/0 eUSCI_A0 SPI clock input/output
UCA0SOMI® (3) 16 12 110 eUSCI_AO SPI slave out/master in
UCAO0SIMO®@ (3 17 13 110 eUSCI_AQ SPI slave in/master out
UCAO0SOMI@) () 7 7 110 eUSCI_AO SP! slave out/master in
UCAO0SIMO®@ (3 8 8 110 eUSCI_AQ SPI slave in/master out
UCBOSTE®) 2 2 110 eUSCI_BO slave transmit enable
SPl UCBOCLK®@) 1 1 110 eUSCI_BO clock input/output
UCBOSOMI®?) 19 15 110 eUSCI_BO SPI slave out/master in
UCB0SIMO®@ 20 16 110 eUSCI_BO SPI slave in/master out
UCBOSTE®@ 12 - 110 eUSCI_BO slave transmit enable
UCBOCLK®) 1 - 1’0 eUSCI_BO clock input/output
UCBOSOMI®? 9 = 110 eUSCI_BO SPI slave out/master in
UCBO0SIMO®@) 10 = 110 eUSCI_BO SPI slave in/master out
NMI 4 4 | Nonmaskable interrupt input
System ——
RST 4 4 | Active-low reset input
TAO.1 17 13 1/0 Timer TAO CCR1 capture: CCI1A input, compare: Out1 outputs
TAOQ.2 16 12 1/0 Timer TAO CCR2 capture: CCI2A input, compare: Out2 outputs
TAOCLK 15 1 | Timer clock input TACLK for TAO
Timer_A
TA1.1 13 9 1/0 Timer TA1 CCR1 capture: CCI1A input, compare: Out1 outputs
TA1.2 12 - 1/0 Timer TA1 CCR2 capture: CCI2A input, compare: Out2 outputs
TA1CLK 11 - | Timer clock input TACLK for TA1
UCAORXD®) 16 12 | eUSCI_AO0 UART receive data
UCAOTXD® 17 13 o} eUSCI_AO0 UART transmit data
UART
UCAORXD® 7 7 | eUSCI_AO UART receive data
UCAO0TXD® 8 8 o eUSCI_AO0 UART transmit data
DNC Do not connect 18 14 - Do not connect
QFN Pad QFN thermal pad Pad _ _ \Q/L:SN package exposed thermal pad. TI recommends connecting to

M
)

(©)

(4)

Pin Types: | = Input, O = Output, 1/0 = Input or Output, P = Power

These signal assignments are controlled by the USCIARMP bit of the SYSCFG3 register or the USCIBRMP bit of the SYSCFG2

register. Only one group can be selected at one time.

Signal assignments on these pins are controlled by the remap functionality and are selected by the USCIARMP bit in the SYSCFG3
register. Only one group can be selected at one time. The CLK and STE assignments are fixed and shared by both SPI function

groups.

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

prevent collisions.
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7.4 Pin Multiplexing

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

9.11.
7.5 Buffer Types

Table 7-3 defines the pin buffer types that are listed in Table 7-1
Table 7-3. Buffer Types

NOMINAL
OUTPUT DRIVE
BUFFER TYPE NOMINAL PU OR PD OTHER
(STANDARD) | VOLTAGE | HYSTERESIS PUORPD | grRENGTH ST'?E’:‘);TH CHARACTERISTICS
(WA)
See Section See Section
(1)
LVCMOS 3.0V Y Programmable 8.12.4 8.12.4
See analog modules in
Analog 30V N N/A N/A N/A Section 8 for details.
Power (DVCC) 3.0V N N/A N/A N/A SVS enables hysteresis on
DVCC.
Power (AVCC) 3.0V N N/A N/A N/A

(1)  Only for input pins.
7.6 Connection of Unused Pins

Table 7-4 lists the correct termination of unused pins.
Table 7-4. Connection of Unused Pins

PIN() POTENTIAL COMMENT
Px.0 to Px.7 Open Switched to port function, output direction (PxDIR.n = 1)
RST/NMI DVce 47-kQ pullup or internal pullup selected with 10-nF (or 1.1-nF) pulldown(®)
TEST Open This pin always has an internal pull-down enabled.

(1)

guidelines.

@

FET interfaces or GANG programmers.

Any unused pin with a secondary function that is shared with general-purpose 1/0O should follow the Px.0 to Px.7 unused pin connection

The pulldown capacitor should not exceed 1.1 nF when using MCUs with Spy-Bi-Wire interface in Spy-Bi-Wire mode with Tl tools like
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8 Specifications
8.1 Absolute Maximum Ratings

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

U] MIN MAX UNIT
Voltage applied at DVCC pin to Vsg -0.3 4.1 \
Voltage applied to any other pin(® -0.3 (4\1(:\3 :\-Agxa; \Y
Diode current at any device pin +2 mA
Maximum junction temperature, T 85 °C
Storage temperature, Tgg ) —40 125 °C

M

)
(©)

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

All voltages referenced to Vgg.

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

8.2 ESD Ratings

VALUE UNIT

V(Esp) Electrostatic discharge \Y

Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001(") +1000

Charged-device model (CDM), per JEDEC specification JESD22-C101(2) +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.

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.

8.3 Recommended Operating Conditions

MIN NOM MAX| UNIT
Vee Supply voltage applied at DVCC pin(") 2 (3) (4) 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
Covce Recommended capacitor at DVCC(®) 4.7 10 uF
No FRAM wait states 0 8
(NWAITSx = 0)
fsysTEM Processor frequency (maximum MCLK frequency)®) (7) 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) 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 Section 8.12.1.1.

(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) Wait states only occur on actual FRAM accesses (that is, on FRAM cache misses). RAM and peripheral accesses are always executed

without wait states.

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

(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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8.4 Active Mode Supply Current Into V¢ Excluding External Current

See ()
FREQUENCY (fmcik = fsmcLk)
1 MHz 8 MHz 16 MHz
PARAMETER Eﬁiﬁg&g"l COLEDIS'I-'I;ON 0 WAIT STATES 0 WAIT STATES 1 WAIT STATE UNIT
(NWAITSx = 0) (NWAITSx = 0) (NWAITSx = 1)
TYP MAX TYP MAX TYP MAX
FRAM 3V, 25°C 454 2620 2935
Iam, FRam(0%) 0% cache hit rati . HA
o cache hit ratio 3V, 85°C 471 2700 2980 3250
FRAM 3V, 25°C 191 573 950
| 100% 100% cache hit A
. Fraw(100%) " atio 3V, 85°C 199 592 or4 1200 "
Iam, Ram @ RAM 3V, 25°C 216 772 1300 pA
(1)  Allinputs are tied to 0 V or to V. Outputs do not source or sink any current. Characterized with program executing typical data
processing.
facLk = 32768 Hz, fucik = fsmewk = foco 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.
8.5 Active Mode Supply Current Per MHz
Vee =3V, Tp = 25°C (unless otherwise noted)
PARAMETER TEST CONDITIONS TYP UNIT
dl Idf Active mode current consumption per MHz, [lam (75% cache hit rate) at 8 MHz — 120 A/MHz
AM.FRAM execution from FRAM, no wait states Iam (75% cache hit rate) at 1 MHz) / 7 MHz H
8.6 Low-Power Mode (LPMO0) Supply Currents Into V¢ Excluding External Current
Vee =3V, Ta = 25°C (unless otherwise noted)(!) (2)
FREQUENCY (fsmcLk)
PARAMETER Vee 1 MHz 8 MHz 16 MHz UNIT
TYP MAX TYP MAX TYP MAX
| 2V 145 292 395 A
LPVO 3V 155 300 394 g

(1) Allinputs are tied to 0 V or to V. Outputs do not source or sink any current.
(2)  Current for watchdog timer clocked by SMCLK included.
facLk = 32768 Hz, fyycLk = 0 MHz, fgycLk at specified frequency.
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8.7 Low-Power Mode (LPM3, LPM4) Supply Currents (Into V¢cc) Excluding External Current

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

-40°C 25°C 85°C
PARAMETER Vee UNIT
TYP MAX TYP MAX TYP MAX
| Low-power mode 3, 12.5-pF crystal, includes 3V 0.96 1.1 2.75 6.2 A
LPM3.XT1 SVs@ () @) 2V 0.93 1.08 2.78 g
| L de 3. VLO ludes SVS®) 3V 0.77 0.92 2.66 6.0 A
ow-power mode 3, , excludes
LPM3\LO P 2V | 075 0.90 2.60 g
ILPM3, RTC Low-power mode 3, RTC, excludes SVS(©) 3V 0.90 1.05 2.77 pA
| L de 4. includes SVS®) 3V 0.51 0.64 2.30 A
ow-power mode 4, includes
L4, VS P 2V | 049 0.61 225 g
3V 0.35 0.48 2.13
ILpMa Low-power mode 4, excludes SVS®) pA
2V 0.34 0.46 2.10
Low-power mode 4, RTC is soured from VLO, 3V 0.43 0.56 2.21
ILPma vLO @) WA
’ excludes SVS 2V 0.42 0.55 2.19
Low-power mode 4, RTC is soured from XT1, 3V 0.80 0.96 2.68
ILpMma,xT1 ®) HA
’ excludes SVS 2V 0.79 0.94 2.64

M
)
@)
(4)

®)

6)
@)

(©)

©

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

Not applicable for MCUs with HF crystal oscillator only.

Characterized with a Seiko Crystal SC-32S crystal with a load capacitance chosen to closely match the required load.
Low-power mode 3, 12.5-pF crystal, 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),

fyr1 = 32768 Hz, facik = fxT1, fvcLk = fsmeLk = 0 MHz

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 = 32768 Hz, facLk = fmcLk = fsmok = 0 MHz

Low-power mode 4, CPUOFF = 1, SCGO0 = 1 SCG1 =1, OSCOFF = 1 (LPM4), CPU and all clocks are disabled, WDT and RTC
disabled

Low-power mode 4, VLO, excludes SVS test conditions:

Current for RTC clocked by VLO included. Current for brownout included. SVS disabled (SVSHE = 0).

CPUOFF =1, SCG0 =1 SCG1 =1, OSCOFF =1 (LPM4)

fxt1 = 0 Hz, fucLk = fsmerk = 0 MHz

Low-power mode 4, XT1, excludes SVS test conditions:

Current for RTC clocked by XT1 included. Current for brownout included. SVS disabled (SVSHE = 0).

CPUOFF =1, SCG0 =1 SCG1 =1, OSCOFF = 1 (LPM4)

fXT1 = 32768 Hz, fMCLK = fSMCLK =0 MHz

RTC periodically wakes up every second with external 32768-Hz input as source.

16

Submit Document Feedback Copyright © 2021 Texas Instruments Incorporated

Product Folder Links: MSP430FR2422


https://www.ti.com/product/MSP430FR2422
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLASEE5D&partnum=MSP430FR2422
https://www.ti.com/product/msp430fr2422?qgpn=msp430fr2422

13 TEXAS
INSTRUMENTS

www.ti.com

MSP430FR2422
SLASEESD — JANUARY 2018 — REVISED JANUARY 2021

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

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

-40°C 25°C 85°C
PARAMETER Vce UNIT

TYP MAX TYP MAX TYP MAX
Low-power mode 3.5, 12.5-pF crystal, includes 3V 0.57 0.63 0.81 1.54

ILpm3.5, XT1 Svs @) HA

(also see Figure 8-3) 2V 0.54 0.60 0.79

) 3V 0.23 0.25 0.31 0.45

ILPM4.5, SVS Low-power mode 4.5, includes SVS®) PV o1 023 029 pA
3V 0.027 0.036 0.080 0.15

I pMas Low-power mode 4.5, excludes SVS®) oV 0,022 0,031 0073 pA

(1)  Not applicable for MCUs with HF crystal oscillator only.

(2) Characterized with a Seiko Crystal SC-32S crystal with a load capacitance chosen to closely match the required load.

(3) Low-power mode 3.5, 12.5-pF crystal, 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 = 0, fucik = 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)

fxr1 = 0 Hz, facik = fmoLk = fsmeik = 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)

fxt1 = 0 Hz, facik = fuewk = fsmeLk = 0 MHz
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8.9 Typical Characteristics - Low-Power Mode Supply Currents

Figure 8-1. LPM3 Supply Current vs Temperature
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Figure 8-2. LPM4 Supply Current vs Temperature

Figure 8-3. LPM3.5 Supply Current vs Temperature
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Figure 8-4. LPM4.5 Supply Current vs Temperature

8.10 Typical Characteristics — Current Consumption Per Module

MODULE TEST CONDITIONS REFERENCE CLOCK MIN TYP MAX UNIT
Timer_A Module input clock 5 WA/MHz
eUSCI_A UART mode Module input clock 7 WA/MHz
eUSCI_A SPI mode Module input clock 5 WA/MHz
eUSCI_B SPI mode Module input clock 5 WA/MHz
eUSCI_B I2C mode, 100 kbaud Module input clock 5 UA/MHz
RTC 32 kHz 85 nA
CRC From start to end of operation MCLK 8.5 WA/MHz
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8.11 Thermal Resistance Characteristics

THERMAL METRIC(") VALUE®) UNIT
] ) ) o VQFN 20 pin (RHL) 37.8

R6;n  Junction-to-ambient thermal resistance, still air - °C/W
TSSOP 16 pin (PW16) 101.7
) ) VQFN 20 pin (RHL) 34.1

RO,c  Junction-to-case (top) thermal resistance - °C/W
TSSOP 16 pin (PW16) 33.7
VQFN 20 pin (RHL) 15.3

ROy  Junction-to-board thermal resistance - °C/W
TSSOP 16 pin (PW16) 47.5

(1)
@)

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

These values are based on a JEDEC-defined 2S2P system (with the exception of the Theta JC (R6,¢) value, which is based on a
JEDEC-defined 1SOP system) and will change based on environment and application. For more information, see these EIA/JEDEC
standards:

+ JESD51-2, Integrated Circuits Thermal Test Method Environmental Conditions - Natural Convection (Still Air)

+ JESD51-3, Low Effective Thermal Conductivity Test Board for Leaded Surface Mount Packages

+ JESD51-7, High Effective Thermal Conductivity Test Board for Leaded Surface Mount Packages

+ JESD51-9, Test Boards for Area Array Surface Mount Package Thermal Measurements

8.12 Timing and Switching Characteristics
8.12.1 Power Supply Sequencing

Section 8.12.1.1 lists the characteristics of the SVS and BOR.
8.12.1.1 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 \%
teor, safe  Safe BOR reset delay®® 10 ms
IsvsH,AM SVSy current consumption, active mode Vee=3.6V 1.5 WA
Isvshpm  SVSy current consumption, low-power modes Vec =36V 240 nA
VsvsH- SVSy; power-down level®) 1.71 1.80 1.87 \Y
VsvsHs+ SVSy power-up level®) 1.76 1.88 1.99 \%
VsvsH hys  SVSy hysteresis 80 mV
tpp.svsH, am SVSy propagation delay, active mode 10 us
t;'ifvs”* SVS, propagation delay, low-power modes 100| s

(1)
@

(©)

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

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

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

V A
Power Cycle Reset SVS Reset BOR Reset
A <
SVS: VS\/S_
VBOR

taor t

A -

»

Figure 8-5. Power Cycle, SVS, and BOR Reset Conditions
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8.12.2 Reset Timing
Section 8.12.2.1 lists the timing characteristics of wakeup from LPMs and reset.
8.12.2.1 Wake-up Times From Low-Power Modes and Reset

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

TEST
PARAMETER CONDITIONS Vce MIN TYP MAX| UNIT
Additional wake-up time to activate the FRAM in
¢ AM if previously disabled by the FRAM controller or 3v 10 s
WAKE-UP FRAM  from a LPM if immediate activation is selected for H
wakeup(!)
. . ) 200 +
twake-up Lpmo  Wake-up time from LPMO to active mode 3V ns
2.5 /fDCO
twake-up LPM3  Wake-up time from LPM3 to active mode (@) 3V 10 us
tWAKE-UP LPM4 Wake-up time from LPM4 to active mode 3V 10 us
twake-up Lpm35  Wake-up time from LPM3.5 to active mode (@) 3V 350 us
t Wak time fi LPM4.5 to acti de @ SVSHE =1 3V 350 He
: ake-up time from .5 to active mode
WAKE-UP LPM4.5 p SVSHE = 0 1 ms
¢ Wake-up time from RST or BOR event to active 3v 1 ms
WAKE-UP-RESET 11 0de (2)
Pulse duration required at RST/NMI pin to accept a
tResET reset a P P 3V 2 s

(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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8.12.3 Clock Specifications
Section 8.12.3.1 lists the characteristics of the LF XT1.
8.12.3.1 XT1 Crystal Oscillator (Low Frequency)

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)(") (2)

PARAMETER TEST CONDITIONS Vee MIN TYP MAX| UNIT
frt L XT1 oscillator crystal, low LEXTBYPASS = 0 32768 Hz
' frequency
. Measured at MCLK, o o
DCxr1,Lr ~ XT1 oscillator LF duty cycle fLexr = 32768 Hz 30% 70%
1 sw XT1 o§C|IIator logic-level square- LFXTBYPASS = 1 3) () 32.768 KHz
' wave input frequency
DCyr1 sw LFXT osmllatgr logic-level LEXTBYPASS = 1 40% 60%
’ square-wave input duty cycle
OA Oscillation allowance for LFXTBYPASS = 0, LFXTDRIVE = {3}, 200 KO
LFXT LF crystals ©® fLpxT = 32768 Hz, Cp o = 12.5 pF
Integrated effective load )
Cefr capacitance(® See 1 pF
fosc = 32768 Hz,
tsTarTLEXT  Start-up time LFXTBYPASS = 0, LFXTDRIVE = {3}, 1000 ms
Ta= 25°C, CL‘eff =12.5pF
frautLrxr  Oscillator fault frequency (1) XTS =0 0 3500 Hz

M

@
(©)

(4)
®)

(6)
™

®)
©)
(10)

To improve EMI on the LFXT oscillator, observe the following guidelines:

+ Keep the trace between the device and the crystal as short as possible.

+ Design a good ground plane around the oscillator pins.

» Prevent crosstalk from other clock or data lines into oscillator pins 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 gxt 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.

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

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 specifications might set the
flag. A static condition or stuck at fault condition sets the flag.
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8.12.3.2 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 | 3V | —1.0% 1.0%
foco, FLL FLL lock frequency, 16 MHz, —40°C to 85°C timmed REFO as reference | 3v | —2.0% 2.0%
FLL lock frequency, 16 MHz, —40°C to 85°C ('i’:;:;‘fr::rzﬁ,gfn'ﬂ; XT1 3V | —05% 0.5%
fouTy Duty cycle 3V 40% 50%  60%
Jitterg Cycle-to-cycle jitter, 16 MHz Measured at MCLK, XT1 3V 0.25%
Jitteriong Long term jitter, 16 MHz crystal as reference 3V 0.022%
tFLL, lock FLL lock time, 16MHz 3V 280 ms

Section 8.12.3.3 lists the characteristics of the DCO.
8.12.3.3 DCO Frequency

over recommended operating free-air temperature (unless otherwise noted) (see Figure 8-6)
PARAMETER TEST CONDITIONS Vce TYP| UNIT

DCORSEL = 101b, DISMOD = 1b, DCOFTRIMEN = 1b,
DCOFTRIM = 000b, DCO =0

DCORSEL = 101b, DISMOD = 1b, DCOFTRIMEN = 1b,

DCOFTRIM = 000b, DCO = 511 ns
foco, 16mHz  DCO frequency, 16 MHz 3V MHz
' DCORSEL = 101b, DISMOD = 1b, DCOFTRIMEN = 1b,

71

DCOFTRIM = 111b, DCO = 0 7
DCORSEL = 101b, DISMOD = 1b, DCOFTRIMEN = 1b, 77
DCOFTRIM = 111b, DCO = 511 :
DCORSEL = 100b, DISMOD = 1b, DCOFTRIMEN = 1b, o5
DCOFTRIM = 000b, DCO = 0 :
DCORSEL = 100b, DISMOD = 1b, DCOFTRIMEN = 1b, o

DCOFTRIM = 000b, DCO = 511
foco 12mHz ~ DCO frequency, 12 MHz 3V MHz
' DCORSEL = 100b, DISMOD = 1b, DCOFTRIMEN = 1b,

DCOFTRIM = 111b, DCO =0 131
DCORSEL = 100b, DISMOD = 1b, DCOFTRIMEN = 1b, 215
DCOFTRIM = 111b, DCO = 511 '
DCORSEL = 011b, DISMOD = 1b, DCOFTRIMEN = 1b, 3.7
DCOFTRIM = 000b, DCO =0 '
DCORSEL = 011b, DISMOD = 1b, DCOFTRIMEN = 1b, 6.3

DCOFTRIM = 000b, DCO = 511
foco. sMHz DCO frequency, 8 MHz 3V MHz
' DCORSEL = 011b, DISMOD = 1b, DCOFTRIMEN = 1b,

DCOFTRIM = 111b, DCO = 0 9.0
DCORSEL = 011b, DISMOD = 1b, DCOFTRIMEN = 1b, .o
DCOFTRIM = 111b, DCO = 511 :
DCORSEL = 010b, DISMOD = 1b, DCOFTRIMEN = 1b, s
DCOFTRIM = 000b, DCO = 0 :
DCORSEL = 010b, DISMOD = 1b, DCOFTRIMEN = 1b, a2

DCOFTRIM = 000b, DCO = 511
fbco, amHz DCO frequency, 4 MHz 3V MHz
' DCORSEL = 010b, DISMOD = 1b, DCOFTRIMEN = 1b,

DCOFTRIM = 111b, DCO =0 4.6
DCORSEL = 010b, DISMOD = 1b, DCOFTRIMEN = 1b, 78
DCOFTRIM = 111b, DCO = 511 ’
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over recommended operating free-air temperature (unless otherwise noted) (see Figure 8-6)

Figure 8-6. Typical DCO Frequency

PARAMETER TEST CONDITIONS Vce TYP| UNIT
DCORSEL = 001b, DISMOD = 1b, DCOFTRIMEN = 1b, 0.96
DCOFTRIM = 000b, DCO =0 ’
DCORSEL = 001b, DISMOD = 1b, DCOFTRIMEN = 1b, 16
DCOFTRIM = 000b, DCO = 511 '
foco, 2MHz DCO frequency, 2 MHz 3V MHz
' DCORSEL =001b, DISMOD = 1b, DCOFTRIMEN = 1b, 23
DCOFTRIM = 111b, DCO =0 '
DCORSEL = 001b, DISMOD = 1b, DCOFTRIMEN = 1b, 4.0
DCOFTRIM = 111b, DCO = 511 '
DCORSEL = 000b, DISMOD = 1b, DCOFTRIMEN = 1b, 05
DCOFTRIM = 000b, DCO =0 '
DCORSEL = 000b, DISMOD = 1b, DCOFTRIMEN = 1b, 0.85
DCOFTRIM = 000b, DCO = 511 ’
fDCO 1MHz DCO frequency, 1 MHz 3V MHz
' DCORSEL = 000b, DISMOD = 1b, DCOFTRIMEN = 1b, 192
DCOFTRIM = 111b, DCO =0 ’
DCORSEL = 000b, DISMOD = 1b, DCOFTRIMEN = 1b, 20
DCOFTRIM = 111b, DCO =511 '
30 T T T T T
‘ ! [ ‘ | DCOFTRIM=7
1 I | I I
| | | | 1
25 # } # } }
1 I I I t
! ! ! " bcorRM=7" /
| | | | / |
1 I 1 I I
PR ) 1 ) 1 1
T | | | | |
E 1 t 1 t t /
T 1 | DCOFTRIM =7 1 1
? 15 ] T I I I
3 I [ I / [ [ /
g ) 1 ) 1 / 1
I t | | | |
T i i i — i
| | DCOFTRIM =7 | 1 1 /
I I I
——— / = / |
I DCOFTRIM=7l I | | -0
° | | // —/ | DCOFTRIM=0 ! peoTTRIN=0
DCOFTRIM = 7 - / | | | |
4 { / l DCOFTRIM =0 { DEOFTRIM=0 l l
0 " pcortrRiM=o T PCOFTRM=07 I [ [
I I I
DCO 0 511 : 0 511 1 0 511 : 0 5117 0 511, 0 511
DCORSEL o ' 1 2 '3 14 s
Vec =3V Ta =—-40°C to 85°C
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Section 8.12.3.4 lists the characteristics of the REFO.
8.12.3.4 REFO
over recommended operating free-air temperature (unless otherwise noted)
PARAMETER TEST CONDITIONS Vce MIN TYP MAX| UNIT
IReFo REFO oscillator current consumption Ta=25°C 3V 15 WA
¢ REFO calibrated frequency Measured at MCLK 3V 32768 Hz
REFO REFO absolute calibrated tolerance —40°C to 85°C 18V1036V | -3.5% +3.5%
dfrero/dr  REFO frequency temperature drift Measured at MCLK(") 3V 0.01 %I°C
ijEFO’ REFO frequency supply voltage drift Measured at MCLK at 25°C | 1.8V t0 3.6V 1 %IV
VCC
foc REFO duty cycle Measured at MCLK 18Vto36V 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(1.8 V to 3.6 V) — MIN(1.8 V to 3.6 V)) / MIN(1.8 Vt0 3.6 V) / (3.6 V- 1.8 V)

Section 8.12.3.5 lists the characteristics of the VLO.
8.12.3.5 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 TYP| UNIT
fuLo VLO frequency Measured at MCLK 3V 10| kHz
dfy o/dT VLO frequency temperature drift Measured at MCLK(") 3V 0.5| %/°C
dfy o/dVee  VLO frequency supply voltage drift Measured at MCLK®) 1.8Vto3.6V 4| %V
fuLo,pc 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 the box method: (MAX(1.8 V to 3.6 V) — MIN(1.8 V to 3.6 V/)) / MIN(1.8 V to 3.6 V) / (3.6 V — 1.8 V)

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 Section 8.12.3.5).

Section 8.12.3.6 lists the characteristics of the MODOSC.
8.12.3.6 Module Oscillator (MODOSC)

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

PARAMETER TEST CONDITIONS Vee MIN TYP MAX| UNIT
fmobosc MODOSC frequency 3V 3.8 4.8 58| MHz
fmoposc/dT MODOSC frequency temperature drift 3V 0.102 %/°C
fmoposc/dVec  MODOSC frequency supply voltage drift 1.8Vto36V 1.02 %IV
fmoposc,oc Duty cycle 3V 40% 50% 60%
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8.12.4 Digital 1/0s
Section 8.12.4.1 lists the characteristics of the digital inputs.
8.12.4.1 Digital Inputs

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

PARAMETER TEST CONDITIONS Vce MIN TYP MAX| UNIT
Vv Positi ing input threshold volt 2V 090 1:50 Y
ositive-going input threshold voltage
I gomg b 9 3V 135 2.25
Vv Negati ing input threshold volt 2V 050 110 \Y
_ egative-going input threshold voltage
T gative-gomg inp 9 3V 0.75 165
V, Input voltage hysteresis (Vi1+ — Vi1_) i 03 0'Sv
nput voltage hysteresis -V
hys p ge ny: IT+ IT Y 04 12
. For pullup: V|\ = Vss
Rpui Pullup or pulldown resistor For pulldown: Vi = Ve 20 35 50| kQ
Cidig Input capacitance, digital only port pins Vin = Vgs or Ve 3 pF
Input capacitance, port pins with shared analo
Cana o portp 91Vin = Vss or Vee 5 pF
Iikg(Px.y) High-impedance leakage current of GPIO pins |See (1) (@) 2V,3V -20 20| nA
Ports with interrupt capability
t External interrupt timing (external trigger pulse |(see block diagram and 2V 3V 50 ns
(in) 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 t;; is met. It may be set by trigger signals
shorter than tn).

Section 8.12.4.2 lists the characteristics of the digital outputs.
8.12.4.2 Digital Outputs

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

PARAMETER TEST CONDITIONS Vee MIN TYP  MAX| UNIT
I =-3mAM 2V 14 20
VoH High-level output voltage (OHmax) : y
I(OHmax) =-5mA(" 3V 24 30
I =3 mA(" 2V 0.0 0.60
VoL Low-level output voltage (OLmax) : y
I(OHmax) =5 mA( ) 3V 0.0 0.60
2 2V 16
frot ctk  Clock output frequency CL = 20 pF®@ o ° -
ise ti igi [ 2V 10
trise,dig Port output rise time, digital only port pins CL=20pF ~ . .
) .- ) oV 0
trail dig Port output fall time, digital only port pins CL =20 pF Y - ns

(1) The maximum total current, l(oHmax) @nd l(oLmax), 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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8.12.4.3 Typical Characteristics — Outputs at 3V and 2 V

24
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Figure 8-7. Typical Low-Level Output Current vs Low-Level
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Figure 8-8. Typical Low-Level Output Current vs Low-Level
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Figure 8-9. Typical High-Level Output Current vs High-Level
Output Voltage

0 02 04 06 08 1 12 14 16 18 2
High-Level Output Voltage (V)

DvCC=2V

Figure 8-10. Typical High-Level Output Current vs High-Level
Output Voltage
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8.12.5 VREF+ Built-in Reference
Section 8.12.5.1 lists the characteristics of the VREF+.
8.12.5.1 VREF+

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

PARAMETER TEST CONDITIONS Vce MIN TYP MAX| UNIT
VREF+ Positive built-in reference voltage EXTREFEN = 1 with 1-mA load current 2V,3V 1.15 1.19 123 V
Temperature coefficient of built-in o
TCREF+  eference voltage 30 uvre
8.12.6 Timer