Product w Sample & Technical 2 Tools & Support &
r._ Folder .E_. Buy b Documents y 4 Software Community
MSP430F67791A, MSP430F67781A, MSP430F67771A, MSP430F67761A, MSP430F67751A
i TEXAS MSP430F67691A, MSP430F67681A, MSP430F67671A, MSP430F67661A, MSP430F67651A
INSTRUMENTS MSP430F67491A, MSP430F67481A, MSP430F67471A, MSP430F67461A, MSP430F67451A

SLAS983 —MAY 2014

MSP430F677x1A, MSP430F676x1A, MSP430F674x1A Polyphase Metering SoCs

1 Device Overview

1.1 Features

Accuracy < 0.1% Over 2000:1 Dynamic Range for
Phase Current

Meets or Exceeds ANSI C12.20 and IEC 62053
Standards

Support for Multiple Sensors Such as Current
Transformers, Rogowski Coils, or Shunts

Power Measurement for up to Three Phases Plus
Neutral

Dedicated Pulse Output Pins for Active and
Reactive Energy for Calibration

Four-Quadrant Measurement per Phase or
Cumulative

Exact Phase-Angle Measurements

Digital Phase Correction for Current Transformers
Temperature Compensated Energy Measurements
40-Hz to 70-Hz Line Frequency Range Using
Single Calibration

Flexible Power Supply Options With Automatic
Switching

Display Operates at Very Low Power During AC
Mains Failure: 3 A in LPM3

LCD Driver With Contrast Control for up to 320
Segments

Password-Protected Real-Time Clock With Crystal
Offset Calibration and Temperature Compensation
Integrated Security Modules to Support Anti-
Tamper and Encryption

Multiple Communication Interfaces for Smart Meter
Implementations

High-Performance 25-MHz CPU With 32-Bit
Multiplier

Wide Input Supply Voltage Range:

1.2 Applications

Three-Phase Electronic Watt-Hour Meters
Utility Metering

3.6 VDownto1l8V

Ultra-Low Power Consumption During Energy
Measurement

— 2.9 mW at 10-MHz Operation (3 V)
Multiple Low-Power Modes

— Standby Mode (LPM3): 2.1 pA at 3V,
Wake Up in Less Than 5 us

— RTC Mode (LPM3.5): 0.34 pA at 3V

— Shutdown Mode (LPM4.5): 0.18 yA at 3 V

Up to 512KB of Single-Cycle Flash

Up to 32KB of RAM With Single-Cycle Access

Up to Seven Independent 24-Bit Sigma-Delta

ADCs With Differential Inputs and Variable Gain

System 10-Bit 200-ksps ADC

— Six Channels Plus Supply and Temperature
Sensor Measurement

Six Enhanced Communications Ports

— Configurable Among Four UART, Six SPI, and
Two I2C Interfaces

Four 16-Bit Timers With Nine Total

Capture/Compare Registers

128-Pin LQFP (PEU) Package With 90 1/O Pins

100-Pin LQFP (PZ) Package With 62 I/O Pins

Industrial Temperature Range of —40°C to 85°C

Three-Phase Electronic Watt-Hour Meter

Development Tools

— EVM430-F6779A With SLAA577 Application
Note

— MSP430™ Energy Library

For Complete Module Descriptions, See the
MSP430x5xx and MSP430x6xx Family User's

Guide (SLAU208)

Energy Monitoring

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 Texas Instruments MSP430F67xx1A family of polyphase metering SoCs are powerful highly
integrated solutions for revenue meters that offer accuracy and low system cost with few external
components. The MSP430F67xx1A uses the low-power MSP430™ CPU with a 32-bit multiplier to perform
all energy calculations, metering applications such as tariff rate management, and communications with
AMR and AMI modules.

The MSP430F67xx1A features Texas Instruments' 24-bit sigma-delta converter technology, which
provides better than 0.1% accuracy. Family members include up to 512KB of flash, 32KB of RAM, and an
LCD controller with support for up to 320 segments.

The ultra-low-power nature of the MSP430F67xx1A means that the system power supply can be
minimized to reduce overall cost. Low standby power means that backup energy storage can be
minimized, and critical data can be retained longer in case of a mains power failure.

The MSP430F67xx1A family executes the Texas Instruments energy measurement software library, which
calculates all relevant energy and power results. The energy measurement software library is available
with the MSP430F67xx1A at no cost. Industry standard development tools and hardware platforms are
available to speed development of meters that meet all of the ANSI and IEC standards globally.

Table 1-1. Device Information®

PART NUMBER PACKAGE DIMENSIONS
MSP430F67791APEU LQFP (128) 20 mm x 14 mm
MSP430F67791APZ LQFP (100) 14 mm x 14 mm

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

Figure 1-1 shows a typical application diagram.
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Figure 1-1. 3-Phase 4-Wire Star Connection Using MSP430F677x1A
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3 Device Comparison

Table 3-1 summarizes the available family members.

Table 3-1. Device Comparison®®)

eUSCI
: Flash | SRAM | SD24 B | ADC10 A | . @ | Channel | Channel Package
D (KB) (KB) Converters | Channels | T'Mer_A Al B: 2 e Type
UART, SPI, I°C
IrDA, SPI

MSP430F67791AIPEU 512 32 7 6 ext, 2 int 3,2,2,2 4 2 90 128 PEU
MSP430F67781AIPEU 512 16 7 6 ext, 2 int 3,2,2,2 4 2 90 128 PEU
MSP430F67771AIPEU 256 32 7 6 ext, 2 int 3,2,2,2 4 2 90 128 PEU
MSP430F67761AIPEU 256 16 7 6 ext, 2 int 3,2,2,2 4 2 90 128 PEU
MSP430F67751AIPEU 128 16 7 6 ext, 2 int 3,2,2,2 4 2 90 128 PEU
MSP430F67691AIPEU 512 32 6 6 ext, 2 int 3,2,2,2 4 2 90 128 PEU
MSP430F67681AIPEU 512 16 6 6 ext, 2 int 3,2,2,2 4 2 90 128 PEU
MSP430F67671AIPEU 256 32 6 6 ext, 2 int 3,2,2,2 4 2 90 128 PEU
MSP430F67661AIPEU 256 16 6 6 ext, 2 int 3,2,2,2 4 2 90 128 PEU
MSP430F67651AIPEU 128 16 6 6 ext, 2 int 3,2,2,2 4 2 90 128 PEU
MSP430F67491AIPEU 512 32 4 6 ext, 2 int 3,2,2,2 4 2 90 128 PEU
MSP430F67481AIPEU 512 16 4 6 ext, 2 int 3,2,2,2 4 2 90 128 PEU
MSP430F67471AIPEU 256 32 4 6 ext, 2 int 3,2,2,2 4 2 90 128 PEU
MSP430F67461AIPEU 256 16 4 6 ext, 2 int 3,2,2,2 4 2 90 128 PEU
MSP430F67451AIPEU 128 16 4 6 ext, 2 int 3,2,2,2 4 2 90 128 PEU
MSP430F67791AIPZ 512 32 7 6 ext, 2 int 3,2,2,2 4 2 62 100 PZ
MSP430F67781AIPZ 512 16 7 6 ext, 2 int 3,2,2,2 4 2 62 100 Pz
MSP430F67771AIPZ 256 32 7 6 ext, 2 int 3,2,2,2 4 2 62 100 PZ
MSP430F67761AIPZ 256 16 7 6 ext, 2 int 3,2,2,2 4 2 62 100 PZ
MSP430F67751AIPZ 128 16 7 6 ext, 2 int 3,2,2,2 4 2 62 100 Pz
MSP430F67691AIPZ 512 32 6 6 ext, 2 int 3,2,2,2 4 2 62 100 PZ
MSP430F67681AIPZ 512 16 6 6 ext, 2 int 3,2,2,2 4 2 62 100 PZ
MSP430F67671AIPZ 256 32 6 6 ext, 2 int 3,2,2,2 4 2 62 100 PZ
MSP430F67661AIPZ 256 16 6 6 ext, 2 int 3,2,2,2 4 2 62 100 PZ
MSP430F67651AIPZ 128 16 6 6 ext, 2 int 3,2,2,2 4 2 62 100 PZ
MSP430F67491AIPZ 512 32 4 6 ext, 2 int 3,2,2,2 4 2 62 100 PZ
MSP430F67481AI1PZ 512 16 4 6 ext, 2 int 3,2,2,2 4 2 62 100 Pz
MSP430F67471AIPZ 256 32 4 6 ext, 2 int 3,2,2,2 4 2 62 100 PZ
MSP430F67461AIPZ 256 16 4 6 ext, 2 int 3,2,2,2 4 2 62 100 PZ
MSP430F67451A1PZ 128 16 4 6 ext, 2 int 3,2,2,2 4 2 62 100 Pz

(1) For the most current package and ordering information, see the Package Option Addendum Section 9, or see the Tl web site at

www.ti.com.

(2) Package drawings, thermal data, and symbolization are available at www.ti.com/packaging.

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

4.1 Pin Diagrams
The following figures show the pin diagrams for the MSP430F677x1A, MSP430F676x1A, and
MSP430F674x1A devices.
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A. The secondary digital functions on Ports P2, P3 and P4 are fully mappable. The pin designation shows only the
default mapping. See Table 6-11 for details.
B. The pair of pins VDSYS1 and VDSYS2, VASYS1 and VASYS2 must be connected externally on board for proper
device operation.
C. CAUTION: The LCDCAP/R33 pin must be connected to DVSS if it is not used.
Figure 4-1. 128-Pin PEU Package (Top View)
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Table 4-1. Pinout Differences for PEU Package, F677x1A, F676x1A, and F674x1A

PIN PIN NAME

NUMBER MSP430F677x1AIPEU MSP430F676x1AIPEU MSP430F674x1AIPEU
46 P6.1/SD4DIO/S39 P6.1/SD4DIO/S39 P6.1/S39
47 P6.2/SD5DIO/S38 P6.2/SD5DIO/S38 P6.2/S38
48 P6.3/SD6DIO/S37 P6.3/S37 P6.3/S37
113 VREF VREF VREF
114 SD4P0 SD4P0 NC
115 SD4NO SD4NO NC
116 SD5P0 SD5P0 NC
117 SD5NO SD5NO NC
118 SD6PO NC NC
119 SD6NO NC NC
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A. The secondary digital functions on Ports P2, P3 and P4 are fully mappable. The pin designation shows only the
default mapping. See Table 6-11 for details.

B. The pair of pins VDSYS1 and VDSYS2, VASYS1 and VASYS2 must be connected externally on board for proper
device operation.

C. CAUTION: The LCDCAP/R33 pin must be connected to DVSS if it is not used.
Figure 4-2. 100-Pin PZ Package (Top View)
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Table 4-2. Pinout Differences for PZ Package, F677x1A, F676x1A, and F674x1A

PIN PIN NAME
NUMBER MSP430F677x1AIPZ MSP430F676x1AIPZ MSP430F674x1AIPZ
11 VREF VREF VREF
12 SD4P0 SD4PO NC
13 SD4NO SD4NO NC
14 SD5P0 SD5P0 NC
15 SD5NO SD5NO NC
16 SD6PO NC NC
17 SD6NO NC NC
72 P5.5/SD4DIO/S19 P5.5/SD4DIO/S19 P5.5/S19
73 P5.6/SD5DIO/S18 P5.6/SD5DIO/S18 P5.6/S18
74 P5.7/SD6DIO/S17 P5.7/S17 P5.7/S17
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4.2 Signal Descriptions

Table 4-3 describes the signals for all devices in the PEU package. See Table 4-4 for the signals in the

PZ package.
Table 4-3. Terminal Functions — PEU Package
TERMINAL
NO. | 1/o® DESCRIPTION
NAME
PEU
XIN 1 /o Input terminal for crystal oscillator
XouT 2 /o Output terminal for crystal oscillator
AUXVCC3 3 Auxiliary power supply AUXVCC3 for backup subsystem
RTCCAP1 4 ' External time capture pin 1 for RTC_C
RTCCAPO S ' External time capture pin O for RTC_C
General-purpose digital 1/0O with port interrupt
P1.5/SMCLK/CBO/AS 6 | 1o |SMCLK clock output
Comparator_B input CBO
Analog input A5 - 10-bit ADC
General-purpose digital /0 with port interrupt
P1.4IMCLK/CB1/A4 7 | 1o |MCLKclockoutput
Comparator_B input CB1
Analog input A4 - 10-bit ADC
General-purpose digital 1/0 with port interrupt
P1.3/ADC10CLK/A3 8 l[e} ADC10_A clock output
Analog input A3 - 10-bit ADC
General-purpose digital 1/0O with port interrupt
P1.2/ACLK/A2 9 /O | ACLK clock output
Analog input A2 - 10-bit ADC
General-purpose digital 1/0 with port interrupt
P1.1/TA2.1/VeREF+A1 10 o) Timer TA2 CCR1 capture: CCI1A input, compare: Outl output
Positive terminal for the ADC's reference voltage for an external applied reference voltage
Analog input Al - 10-bit ADC
General-purpose digital /0 with port interrupt
P1.0/TAL.1/VeREF-/AO 11 /o Timer TA1 CCR1 capture: CCI1A input, compare: Outl output
Negative terminal for the ADC's reference voltage for an external applied reference voltage
Analog input AO - 10-bit ADC
P2.4/PM_TA2.0 12 /o General-purpose digital 1/0 with port interrupt and mappable secondary function
Default mapping: Timer TA2 capture CCRO: CCIOA input, compare: OutO output
General-purpose digital I1/O with port interrupt and mappable secondary function
P2.5/PM_UCBOSOMI/ 13 /0
PM_UCBOSCL Default mapping: eUSCI_BO SPI slave out master in
Default mapping: eUSCI_BO I1°C clock

(1) 1=input, O = output
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Table 4-3. Terminal Functions — PEU Package (continued)

TERMINAL

NAME

NO. | 1/10® DESCRIPTION

PEU

P2.6/PM_UCBOSIMO/

General-purpose digital /0 with port interrupt and mappable secondary function

PM_UCAOSOMI

PM_UCBOSDA 14 /O | pefault mapping: eUSCI_BO SPI slave in master out
Default mapping: eUSCI_BO 1°C data
P2.7/PM_UCBOCLK 15 /o General-purpose digital /0 with port interrupt and mappable secondary function
Default mapping: eUSCI_BO clock input/output
General-purpose digital 1/0 with mappable secondary function
P3.0/PM_UCAORXD/ 16 o)

Default mapping: eUSCI_AO UART receive data
Default mapping: eUSCI_AO0 SPI slave out master in

P3.1/PM_UCAOTXD/
PM_UCAOSIMO

General-purpose digital /0 with mappable secondary function
17 | VO | pefault mapping: eUSCI_AO UART transmit data
Default mapping: eUSCI_AO0 SPI slave in master out

General-purpose digital /0 with mappable secondary function

PM_UCA1SOMI

P3.2/PM_UCAOCLK 18 110
Default mapping: eUSCI_AO clock input/output
P3.3/PM_UCA1CLK 19 /o General-purpose digital 1/0O with mappable secondary function
Default mapping: eUSCI_A1 clock input/output
General-purpose digital /0 with mappable secondary function
P3.4/PM_UCA1RXD/ 20 /o

Default mapping: eUSCI_A1 UART receive data
Default mapping: eUSCI_A1 SPI slave out master in

P3.5/PM_UCA1TXD/

General-purpose digital /0 with mappable secondary function

PM_UCA1SIMO 21 | VO | pefault mapping: eUSCI_A1 UART transmit data

Default mapping: eUSCI_A1 SPI slave in master out
Como 22 O | LcD common output COMO for LCD backplane
com1 23 O | LcD common output COML1 for LCD backplane
P1.6/COM2 24 /o General-purpose digital 1/0 with port interrupt

LCD common output COM2 for LCD backplane
P1.7/COM3 25 /o General-purpose digital /0 with port interrupt

LCD common output COM3 for LCD backplane
P5.0/COM4 26 /o General-purpose digital /0

LCD common output COM4 for LCD backplane
P5.1/COMS 27 /o General-purpose digital /0

LCD common output COMS5 for LCD backplane
P5.2/COM6 28 /o General-purpose digital /0

LCD common output COM6 for LCD backplane
P5.3/COM7 29 /o General-purpose digital /0

LCD common output COM7 for LCD backplane
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Table 4-3. Terminal Functions — PEU Package (continued)

TERMINAL
NO. | 1/o® DESCRIPTION
NAME
PEU
LCD capacitor connection
LCDCAP/R33 30 I'o Input/output port of most positive analog LCD voltage (V1)
CAUTION: This pin must be connected to DVSS if not used.
General-purpose digital /0
P5.4/SDCLK/R23 31 I'o SD24_B bhit stream clock input/output
Input/Output port of second most positive analog LCD voltage (V2)
General-purpose digital /0
P5.5/SD0ODIO/ 32 /0 SD24_B converter 0 bit stream data input/output
LCDREF/R13 :
External reference voltage input for regulated LCD voltage
Input/Output port of third most positive analog LCD voltage (V3 or V4)
General-purpose digital /0
P5.6/SD1DIO/R03 33 /o SD24_B converter 1 bit stream data input/output
Input/output port of lowest analog LCD voltage (V5)
General-purpose digital /0
P5.7/SD2DIO/CB2 34 /o SD24_B converter 2 bit stream data input/output
Comparator_B input CB2
P6.0/SD3DIO 35 /o General-purpose digital /0
SD24_B converter 3 bit stream data input/output
General-purpose digital I/0O with mappable secondary function
P3.6/PM_UCA2RXD/ 36 /o
PM_UCA2SOMI Default mapping: eUSCI_A2 UART receive data
Default mapping: eUSCI_A2 SPI slave out master in
General-purpose digital 1/0O with mappable secondary function
P3.7/IPM_UCA2TXD/ 37 /o
PM_UCA2SIMO Default mapping: eUSCI_A2 UART transmit data
Default mapping: eUSCI_A2 SPI slave in master out
P4.0/PM_UCA2CLK 38 /o General-purpose digital 1/0O with mappable secondary function
Default mapping: eUSCI_A2 clock input/output
General-purpose digital /0 with mappable secondary function
P4.1/PM_UCA3RXD/ 39 /o
PM_UCA3SOMI Default mapping: eUSCI_A3 UART receive data
Default mapping: eUSCI_A3 SPI slave out master in
General-purpose digital /0 with mappable secondary function
P4.2/PM_UCAS3TXD/ 40 /o
PM_UCA3SIMO Default mapping: eUSCI_A3 UART transmit data
Default mapping: eUSCI_A3 SPI slave in master out
P4.3/PM_UCA3CLK a1 /o General-purpose digital /0 with mappable secondary function
Default mapping: eUSCI_A3 clock input/output
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Table 4-3. Terminal Functions — PEU Package (continued)

TERMINAL
NO. | 1/o® DESCRIPTION
NAME
PEU
General-purpose digital 1/0O with mappable secondary function
P4.4/PM_UCB1SOMI/ a2 /o
PM_UCB1SCL Default mapping: eUSCI_B1 SPI slave out, master in
Default mapping: eUSCI_B1 1°C clock
General-purpose digital 1/0O with mappable secondary function
P4.5/PM_UCB1SIMO/ 43 /o
PM_UCB1SDA Default mapping: eUSCI_B1 SPI slave in, master out
Default mapping: eUSCI_B1 1°C data
P4.6/PM UCBLCLK a4 /o General-purpose digital 1/0O with mappable secondary function
- Default mapping: eUSCI_B1 clock input/output
P4.7/PM TA3.0 45 /o General-purpose digital /0 with mappable secondary function
- Default mapping: Timer TA3 capture CCRO: CCIOA input, compare: OutO output
General-purpose digital 1/0
P6.1/SD4DIO/S39 46 I'o SD24_B converter 4 bit stream data input/output (not available in F674x1A devices)
LCD segment output S39
General-purpose digital 1/0
P6.2/SD5DIO/S38 47 o SD24_B converter 5 bit stream data input/output (not available in F674x1A devices)
LCD segment output S38
General-purpose digital /0
P6.3/SD6DIO/S37 48 I'o SD24_B converter 6 bit stream data input/output (not available in F676x1A, F674x1A devices)
LCD segment output S37
P6.4/S36 49 /o General-purpose digital /0
LCD segment output S36
P6.5/S35 50 /o General-purpose digital /0
LCD segment output S35
P6.6/S34 51 /o General-purpose digital /0
LCD segment output S34
P6.7/S33 52 /o General-purpose digital /0
LCD segment output S33
P7.0/S32 53 /o General-purpose digital /0
LCD segment output S32
P7.1/S31 54 /o General-purpose digital /0
LCD segment output S31
P7.2/S30 55 /o General-purpose digital /0
LCD segment output S30
P7.3/S29 56 /o General-purpose digital /0
LCD segment output S29
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Table 4-3. Terminal Functions — PEU Package (continued)

TERMINAL
NAME NO. | 1/o® DESCRIPTION
PEU
P7.4/S28 57 /o General-purpose digital /0
LCD segment output S28
P7.5/S27 58 /o General-purpose digital /0
LCD segment output S27
P7.6/S26 59 /o General-purpose digital /0
LCD segment output S26
P7.7/S25 60 /o General-purpose digital /0
LCD segment output S25
P8.0/S24 61 /o General-purpose digital /0
LCD segment output S24
P8.1/S23 62 /o General-purpose digital /0
LCD segment output S23
P8.2/S22 63 /o General-purpose digital /0
LCD segment output S22
P8.3/S21 64 /o General-purpose digital /0
LCD segment output S21
P8.4/S20 65 /o General-purpose digital /0
LCD segment output S20
P8.5/S19 66 /o General-purpose digital /0
LCD segment output S19
P8.6/S18 67 /o General-purpose digital /0
LCD segment output S18
P8.7/S17 68 /o General-purpose digital /0
LCD segment output S17
2
vDsYs2® 69 Digital power supply for 1/Os
DvsSS2 70 Digital ground supply
P9.0/S16 71 /o General-purpose digital /0
LCD segment output S16
P9.1/S15 72 /o General-purpose digital /0
LCD segment output S15
P9.2/S14 73 /o General-purpose digital /0
LCD segment output S14
P9.3/S13 74 /o General-purpose digital /0
LCD segment output S13

(2) The pins VDSYS1 and VDSYS2 must be connected externally on board for proper device operation.
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Table 4-3. Terminal Functions — PEU Package (continued)

TERMINAL
NAME NO. | 1/o® DESCRIPTION
PEU
PO.4/S12 75 /o General-purpose digital /0
LCD segment output S12
P9.5/S11 76 /o General-purpose digital /0
LCD segment output S11
P9.6/S10 77 /o General-purpose digital /0
LCD segment output S10
P9.7/S9 78 /o General-purpose digital /0
LCD segment output S9
P10.0/S8 79 /o General-purpose digital /0
LCD segment output S8
P10.1/S7 80 /o General-purpose digital /0
LCD segment output S7
P10.2/S6 81 /o General-purpose digital /0
LCD segment output S6
P10.3/S5 82 /o General-purpose digital /0
LCD segment output S5
P10.4/S4 83 /o General-purpose digital /0
LCD segment output S4
P10.5/S3 84 /o General-purpose digital /0
LCD segment output S3
P10.6/S2 85 /o General-purpose digital /0
LCD segment output S2
P10.7/S1 86 /o General-purpose digital /0
LCD segment output S1
P11.0/S0 87 /o General-purpose digital /0
LCD segment output SO
General-purpose digital /0
P11.1/TA3.1/CB3 88 /O | Timer TA3 capture CCR1: CCI1A input, compare: Outl output
Comparator_B input CB3
P11.2/TAL1 89 /o General-purpose digital /0
Timer TAL capture CCR1: CCI1A input, compare: Outl output
P11.3/TA2.1 20 /o General-purpose digital /0
Timer TA2 capture CCR1: CCI1A input, compare: Outl output
P11.4/CBOUT o1 /o General-purpose digital /0
Comparator_B Output
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Table 4-3. Terminal Functions — PEU Package (continued)

TERMINAL
NAME NO. | 1/o® DESCRIPTION
PEU
General-purpose digital /0
P11.5/TACLK/RTCCLK 92 | O | Timer clock input TACLK for TAO, TAL, TA2, TA3
RTCCLK clock output
General-purpose digital /0 with port interrupt and mappable secondary function
P2.0/PM_TAO.0/BSL_TX 93 /0| pefault mapping: Timer TAO capture CCRO: CCIOA input, compare: OutO output
Bootstrap loader: Data transmit
General-purpose digital /0 with port interrupt and mappable secondary function
P2.1/PM_TAO0.1/BSL_RX 94 /0| pefault mapping: Timer TAO capture CCR1: CCI1A input, compare: Outl output
Bootstrap loader: Data receive
P2.2/PM TAO.2 05 /o General-purpose digital 1/0 with port interrupt and mappable secondary function
- Default mapping: Timer TAO capture CCR2: CCI2A input, compare: Out2 output
P2.3/PM TALO 96 /o General-purpose digital 1/0 port interrupt and with mappable secondary function
- Default mapping: Timer TA1 capture CCRO: CCIOA input, compare: OutO output
TEST/SBWTCK 97 | Test mode pin — select digital I/O on JTAG pins
Spy-Bi-Wire input clock
PJ.0/TDO 08 /o General-purpose digital /0
Test data output
PJ.1/TDITCLK 99 /o General-purpose digital /0
Test data input or Test clock input
PJ2/TMS 100 | 110 General-purpose digital /0
Test mode select
PJ.3/TCK 101 | 1o General-purpose digital /0
Test clock
Reset input active low®
RST/NMI/SBWTDIO 102 | VO | Non-maskable interrupt input
Spy-By-Wire data input/output
SDOPO 103 | | |sp24 B positive analog input for converter 0
SDONO 104 | 1 |sp24 B negative analog input for converter 0
SD1P0O 105 | | |sp24 B positive analog input for converter 14
SDINO 106 | | |sp24 B negative analog input for converter 14
SD2P0 107 I | sp24_B positive analog input for converter 24
SD2NO 108 | 1 |sp24 B negative analog input for converter 24
SD3P0O 109 |

SD24_B positive analog input for converter 3¢

(3) When this pin is configured as reset, the internal pullup resistor is enabled by default.

(4) Itis recommended to short unused analog input pairs and connect them to analog ground.
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Table 4-3. Terminal Functions — PEU Package (continued)

TERMINAL
NAME NO. | 1/o® DESCRIPTION
PEU

SD3NO 110 I | SD24_B negative analog input for converter 3@

VASYS2 111 Analog power supply selected between AVCC, AUXVCC1, AUXVCC2. Connect recommended
capacitor value of Cygys.

AVSS2 112 Analog ground supply

VREF 113 || sD24_B external reference voltage

SD4P0 114 | 1 | sp24 B positive analog input for converter 4@ (not available on F674x1A devices)

SD4NO 115 I | sD24_B negative analog input for converter 4@ (not available on F674x1A devices)

SD5P0 116 ! SD24_B positive analog input for converter 5® (not available on F674x1A devices)

SD5NO 117 I | sD24_B negative analog input for converter 5@ (not available on F674x1A devices)

SD6P0O 118 ' SD24_B positive analog input for converter 6@ (not available on F676x1A, F674x1A devices)

SD6NO 119 | I | sD24_B negative analog input for converter 6@ (not available on F676x1A, F674x1A devices)

AVSS1 120 Analog ground supply

AVCC 121 Analog power supply

VASYS1 122 Analog power supply selected between AVCC, AUXVCC1, AUXVCC2. Connect recommended
capacitor value of Cygys.

AUXVCC2 123 Auxiliary power supply AUXVCC2

AUXVCC1 124 Auxiliary power supply AUXVCC1

VDSYS1® 125 Digital power supply selected between DVCC, AUXVCC1, AUXVCC2. Connect recommended
capacitor value of Cygys.

DVCC 126 Digital power supply

DVSS1 127 Digital ground supply

VCORE® 128 Regulated core power supply (internal use only, no external current loading)

(5) The pins VDSYS1 and VDSYS2 must be connected externally on board for proper device operation.
(6) VCORE is for internal use only. No external current loading is possible. VCORE should only be connected to the recommended
capacitor value, CycoRre-
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Table 4-4 describes the signals for all devices in the PZ package. See Table 4-3 for the signals in the
PEU package.

Table 4-4. Terminal Functions — PZ Package

TERMINAL
NO. | 1/0® DESCRIPTION
NAME
Pz
SDOPO 1 | | SD24_B positive analog input for converter 0
SDONO 2 | | SD24_B negative analog input for converter 0
SD1PO 3 | | SD24_B positive analog input for converter 1
SD1NO 4 | | SD24_B negative analog input for converter 1
SD2P0 5 | | SD24_B positive analog input for converter 2
SD2NO 6 | | SD24_B negative analog input for converter 2
SD3P0 7 | | SD24_B positive analog input for converter 3
SD3NO 8 | | SD24_B negative analog input for converter 32
VASYS? 9 Analog power supply selected between AVCC, AUXVCC1, AUXVCC2. Connect recommended
capacitor value of Cygys.
AVSS2 10 Analog ground supply
VREF 11 | SD24_B external reference voltage
SD4P0O 12 | SD24_B positive analog input for converter 4@ (not available on F674x devices)
SD4NO 13 | SD24_B negative analog input for converter 4@ (not available on F674x1A devices)
SD5P0O 14 | SD24_B positive analog input for converter 5@ (not available on F674x1A devices)
SD5NO 15 | SD24_B negative analog input for converter 5@ (not available on F674x1A devices)
SD6P0O 16 | SD24_B positive analog input for converter 6@ (not available on F676x1A, F674x1A devices)
SD6NO 17 | SD24_B negative analog input for converter 6@ (not available on F676x1A, F674x1A devices)
AVSS1 18 Analog ground supply
AVCC 19 Analog power supply
VASYS1 20 Analog power supply selected between AVCC, AUXVCC1, AUXVCC2. Connect recommended
capacitor value of Cygys
AUXVCC2 21 Auxiliary power supply AUXVCC2
AUXVCC1 22 Auxiliary power supply AUXVCC1
vDsys1 @ 23 Digital_ power supply selected between DVCC, AUXVCC1, AUXVCC2. Connect recommended
capacitor value of Cygys.
DvCC 24 Digital power supply
DVSS1 25 Digital ground supply
VCORE ©® 26 Regulated core power supply (internal use only, no external current loading)
XIN 27 I/O | Input terminal for crystal oscillator
XOuT 28 I/O | Output terminal for crystal oscillator
AUXVCC3 29 Auxiliary power supply AUXVCC3 for backup subsystem
RTCCAP1 30 | External time capture pin 1 for RTC_C
RTCCAPO 31 | External time capture pin O for RTC_C
General-purpose digital /0 with port interrupt
P1.5/SMCLK/CBO/A5 32 | o |SMCLK clock output
Comparator_B input CBO
Analog input A5 - 10-bit ADC
(1) I =input, O = output

(2) Itis recommended to short unused analog input pairs and connect them to analog ground.

(3) The pins VDSYS1 and VDSYS2 must be connected externally on board for proper device operation.

(4) VCORE is for internal use only. No external current loading is possible. VCORE should only be connected to the recommended
capacitor value, CycoRe-
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Table 4-4. Terminal Functions — PZ Package (continued)

TERMINAL

NAME

NO.

1/o®

Pz

DESCRIPTION

P1.4/MCLK/CB1/A4

33

110

General-purpose digital /0 with port interrupt
MCLK clock output

Comparator_B input CB1

Analog input A4 - 10-bit ADC

P1.3/ADC10CLK/A3

34

/10

General-purpose digital 1/0 with port interrupt
ADC10_A clock output
Analog input A3 - 10-bit ADC

P1.2/ACLK/A2

35

/10

General-purpose digital 1/0 with port interrupt
ACLK clock output
Analog input A2 - 10-bit ADC

P1.1/TA2.1/CBOUT/
VeREF+/Al

36

110

General-purpose digital 1/0 with port interrupt
Timer TA2 CCR1 capture: CCI1A input, compare: Outl output
Comparator_B Output

Positive terminal for the ADC reference voltage for an external applied reference voltage

Analog input Al - 10-bit ADC

P1.0/TA1.1/VeREF-/AO

37

110

General-purpose digital 1/0 with port interrupt

Timer TA1 CCR1 capture: CCI1A input, compare: Outl output

Negative terminal for the ADC's reference voltage for an external applied reference voltage

Analog input AO - 10-bit ADC

COMO

38

/10

LCD common output COMO for LCD backplane

COoM1

39

/10

LCD common output COM1 for LCD backplane

P1.6/COM2

40

110

General-purpose digital /0 with port interrupt
LCD common output COM2 for LCD backplane

P1.7/COM3

41

110

General-purpose digital 1/0 with port interrupt

LCD common output COM3 for LCD backplane

P2.0/PM_TAO0.0/
BSL_TX/COM4

42

110

General-purpose digital 1/0 with port interrupt and mappable secondary function

Default Mapping: Timer TAO CCRO capture: CCIOA input, compare: OutO output

Bootstrap loader: Data transmit

LCD common output COM4 for LCD backplane

P2.1/PM_TAO0.1/
BSL_RX/COM5

43

110

General-purpose digital 1/0 with port interrupt and mappable secondary function

Default Mapping: Timer TAO CCR1 capture: CCI1A input, compare: Outl output

Bootstrap loader: Data receive

LCD common output COMS5 for LCD backplane

P2.2/PM_TAO0.2/COM6

44

110

General-purpose digital 1/0 with port interrupt and mappable secondary function

Default Mapping: Timer TAO CCRO capture: CCI2A input, compare: Out2 output

LCD common output COM6 for LCD backplane
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Table 4-4. Terminal Functions — PZ Package (continued)

TERMINAL
NO. | 1/o® DESCRIPTION
NAME
Pz
General-purpose digital /0 with port interrupt and mappable secondary function
P2.3/PM_TA1.0/COM7 45 /O | pefault Mapping: Timer TA1 CCRO capture: CCIOA input, compare: OutO output
LCD common output COM7 for LCD backplane
LCD capacitor connection
LCDCAP/R33 46 I'o Input/output port of most positive analog LCD voltage (V1)
CAUTION: This pin must be connected to DVSS if not used.
General-purpose digital /0 with port interrupt and mappable secondary function
P2.4/PM_TA2.0/R23 47 /0| pefault Mapping: Timer TA2 CCRO capture: CCIOA input, compare: OutO output
Input/output port of second most positive analog LCD voltage (V2)
General-purpose digital 1/0 with port interrupt and mappable secondary function
P2.5/PM UCBOSOMI/ Default mapping: eUSCI_BO SPI slave out, master in
;'RASTUCBOSC'-/LCDREF/ 48 | O | pefault mapping: eUSCI_BO I2C clock
External reference voltage input for regulated LCD voltage
Input/output port of third most positive analog LCD voltage (V3 or V4)
General-purpose digital /0 with port interrupt and mappable secondary function
P2.6/PM_UCBOSIMO/ 49 /o Default mapping: eUSCI_BO SPI slave in, master out
PM_UCBOSDA/RO3 . 2
Default mapping: eUSCI_BO I-C data
Input/output port of lowest analog LCD voltage (V5)
General-purpose digital 1/0 with port interrupt and mappable secondary function
P2.7/PM_UCBOCLK/CB2 50 /O | pefault mapping: eUSCI_BO clock input/output
Comparator_B input CB2
General-purpose digital 1/0 with mappable secondary function
P3.0/PM_UCAORXD/ 51 /o ] )
PM_UCAOSOMI Default mapping: eUSCI_AO0 UART receive data
Default mapping: eUSCI_AO SPI slave out, master in
General-purpose digital /0 with mappable secondary function
P3.1/PM_UCAOQOTXD/ 52 /o Default mapping: eUSCI_AO0 UART transmit data
PM_UCAO0SIMO/S39 . .
- Default mapping: eUSCI_AO0 SPI slave in, master out
LCD segment output S39
General-purpose digital 1/0O with mappable secondary function
P3.2/PM_UCAOCLK/S38 53 /O | pefault mapping: eUSCI_AO clock input/output
LCD segment output S38
General-purpose digital 1/0O with mappable secondary function
P3.3/PM_UCAICLK/S37 54 /O | pefault mapping: eUSCI_AL1 clock input/output
LCD segment output S37
20 Terminal Configuration and Functions Copyright © 2014, Texas Instruments Incorporated

Product Folder Links: MSP430F67791A MSP430F67781A MSP430F67771A MSP430F67761A MSP430F67751A
MSP430F67691A MSP430F67681A MSP430F67671A MSP430F67661A MSP430F67651A MSP430F67491A

Submit Documentation Feedback

MSP430F67481A MSP430F67471A MSP430F67461A MSP430F67451A

13 TEXAS
INSTRUMENTS



http://www.ti.com/product/msp430f67791a?qgpn=msp430f67791a
http://www.ti.com/product/msp430f67781a?qgpn=msp430f67781a
http://www.ti.com/product/msp430f67771a?qgpn=msp430f67771a
http://www.ti.com/product/msp430f67761a?qgpn=msp430f67761a
http://www.ti.com/product/msp430f67751a?qgpn=msp430f67751a
http://www.ti.com/product/msp430f67691a?qgpn=msp430f67691a
http://www.ti.com/product/msp430f67681a?qgpn=msp430f67681a
http://www.ti.com/product/msp430f67671a?qgpn=msp430f67671a
http://www.ti.com/product/msp430f67661a?qgpn=msp430f67661a
http://www.ti.com/product/msp430f67651a?qgpn=msp430f67651a
http://www.ti.com/product/msp430f67491a?qgpn=msp430f67491a
http://www.ti.com/product/msp430f67481a?qgpn=msp430f67481a
http://www.ti.com/product/msp430f67471a?qgpn=msp430f67471a
http://www.ti.com/product/msp430f67461a?qgpn=msp430f67461a
http://www.ti.com/product/msp430f67451a?qgpn=msp430f67451a
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLAS983&partnum=MSP430F67791A
http://www.ti.com/product/msp430f67791a?qgpn=msp430f67791a
http://www.ti.com/product/msp430f67781a?qgpn=msp430f67781a
http://www.ti.com/product/msp430f67771a?qgpn=msp430f67771a
http://www.ti.com/product/msp430f67761a?qgpn=msp430f67761a
http://www.ti.com/product/msp430f67751a?qgpn=msp430f67751a
http://www.ti.com/product/msp430f67691a?qgpn=msp430f67691a
http://www.ti.com/product/msp430f67681a?qgpn=msp430f67681a
http://www.ti.com/product/msp430f67671a?qgpn=msp430f67671a
http://www.ti.com/product/msp430f67661a?qgpn=msp430f67661a
http://www.ti.com/product/msp430f67651a?qgpn=msp430f67651a
http://www.ti.com/product/msp430f67491a?qgpn=msp430f67491a
http://www.ti.com/product/msp430f67481a?qgpn=msp430f67481a
http://www.ti.com/product/msp430f67471a?qgpn=msp430f67471a
http://www.ti.com/product/msp430f67461a?qgpn=msp430f67461a
http://www.ti.com/product/msp430f67451a?qgpn=msp430f67451a

13 TEXAS
INSTRUMENTS

www.ti.com

MSP430F67791A, MSP430F67781A, MSP430F67771A, MSP430F67761A, MSP430F67751A
MSP430F67691A, MSP430F67681A, MSP430F67671A, MSP430F67661A, MSP430F67651A
MSP430F67491A, MSP430F67481A, MSP430F67471A, MSP430F67461A, MSP430F67451A

SLAS983 —MAY 2014

Table 4-4. Terminal Functions — PZ Package (continued)

TERMINAL
NO. | /0@ DESCRIPTION
NAME
Pz
General-purpose digital 1/0O with mappable secondary function
P3.4/PM_UCA1RXD/ 55 /o Default mapping: eUSCI_A1 UART receive data
PM_UCA1SOMI/S36 . .
Default mapping: eUSCI_A1 SPI slave out, master in
LCD segment output S36
General-purpose digital /0 with mappable secondary function
P3.5/PM_UCALTXD/ 56 /o Default mapping: eUSCI_A1 UART transmit data
PM_UCA1SIMO/S35 ) .
- Default mapping: eUSCI_A1 SPI slave in, master out
LCD segment output S35
General-purpose digital 1/0O with mappable secondary function
P3.6/PM_UCA2RXD/ 57 /o Default mapping: eUSCI_A2 UART receive data
PM_UCA2SOMI/S34 . .
- Default mapping: eUSCI_A2 SPI slave out, master in
LCD segment output S34
General-purpose digital /0 with mappable secondary function
P3.7/PM_UCA2TXD/ 58 /o Default mapping: eUSCI_A2 UART transmit data
PM_UCA2SIMO/S33 ) .
- Default mapping: eUSCI_A2 SPI slave in, master out
LCD segment output S33
General-purpose digital I/O with mappable secondary function
P4.0/PM_UCA2CLK/S32 59 /0 | pefault mapping: eUSCI_A2 clock input/output
LCD segment output S32
General-purpose digital 1/0O with mappable secondary function
P4.1/PM_UCA3RXD/ 60 /o Default mapping: eUSCI_A3 UART receive data
PM_UCA3SOMI/S31 . .
Default mapping: eUSCI_A3 SPI slave out, master in
LCD segment output S31
General-purpose digital 1/0 with mappable secondary function
P4.2/PM_UCA3TXD/ 61 /o Default mapping: eUSCI_A3 UART transmit data
PM_UCA3SIMO/S30 ) .
- Default mapping: eUSCI_A3 SPI slave in, master out
LCD segment output S30
General-purpose digital I/O with mappable secondary function
P4.3/PM_UCA3CLK/S29 62 /0 | pefault mapping: eUSCI_AS3 clock input/output
LCD segment output S29
General-purpose digital 1/0O with mappable secondary function
P4.4/PM_UCB1SOMI/ 63 /o Default mapping: eUSCI_B1 SPI slave out, master in
PM_UCB1SCL/S28 . Py
Default mapping: eUSCI_B1 I°C clock
LCD segment output S28
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Table 4-4. Terminal Functions — PZ Package (continued)

TERMINAL

NAME

NO.

Pz

1/o®

DESCRIPTION

P4.5/PM_UCB1SIMO/
PM_UCB1SDA/S27

64

110

General-purpose digital 1/0O with mappable secondary function
Default mapping: eUSCI_B1 SPI slave in, master out

Default mapping: eUSCI_B1 1°C data

LCD segment output S27

P4.6/PM_UCB1CLK/S26

65

/10

General-purpose digital /0 with mappable secondary function
Default mapping: eUSCI_B1 clock input/output
LCD segment output S26

P4.7/PM_TA3.0/S25

66

/10

General-purpose digital 1/0 with mappable secondary function
Default Mapping: Timer TA3 CCRO capture: CCIOA input, compare: OutO output
LCD segment output S25

P5.0/SDCLK/S24

67

/10

General-purpose digital /0
SD24_B bit stream clock input/output
LCD segment output S24

P5.1/PM_SDODIO/S23

68

/10

General-purpose digital /0
Default mapping: SD24_B converter 0 bit stream data input/output

LCD segment output S23

P5.2/PM_SD1DIO/S22

69

/10

General-purpose digital /0
Default mapping: SD24_B converter 1 bit stream data input/output

LCD segment output S22

P5.3/PM_SD2DIO/S21

70

/10

General-purpose digital /0
Default mapping: SD24_B converter 2 bit stream data input/output

LCD segment output S21

P5.4/PM_SD3DIO/S20

71

/10

General-purpose digital /0
Default mapping: SD24_B converter 3 bit stream data input/output

LCD segment output S20

P5.5/PM_SD4DIO/S19

72

110

General-purpose digital /0

Default mapping: SD24_B converter 4 bit stream data input/output (not available on F674x1A
devices)

LCD segment output S19

P5.6/PM_SD5DIO/S18

73

110

General-purpose digital /0

Default mapping: SD24_B converter 5 bit stream data input/output (not available on F674x1A
devices)

LCD segment output S18

P5.7/PM_SD6DIO/S17

74

110

General-purpose digital /0

Default mapping: SD24_B converter 6 bit stream data input/output (not available on F676x1A
or F674x1A devices)

LCD segment output S17

22 Terminal Configuration and Functions
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Table 4-4. Terminal Functions — PZ Package (continued)

TERMINAL
NAME NO. | 1/o® DESCRIPTION
Pz
VDSYS2® 75 Digital power supply for 1/Os
DVSS2 76 Digital ground supply
P6.0/S16 77 /o General-purpose digital /0
LCD segment output S16
P6.1/S15 78 /o General-purpose digital /0
LCD segment output S15
P6.2/S14 79 /o General-purpose digital /0
LCD segment output S14
P6.3/S13 80 /o General-purpose digital /0
LCD segment output S13
P6.4/S12 81 /o General-purpose digital /0
LCD segment output S12
P6.5/S11 82 /o General-purpose digital /0
LCD segment output S11
P6.6/S10 83 /o General-purpose digital /0
LCD segment output S10
P6.7/S9 84 /o General-purpose digital /0
LCD segment output S9
P7.0/S8 85 /o General-purpose digital /0
LCD segment output S8
P7.1/S7 86 /o General-purpose digital /0
LCD segment output S7
P7.2/S6 87 /o General-purpose digital /0
LCD segment output S6
P7.3/S5 88 /o General-purpose digital /0
LCD segment output S5
P7.4/S4 89 /o General-purpose digital /0
LCD segment output S4
P7.5/S3 90 /o General-purpose digital /0
LCD segment output S3
P7.6/S2 01 /o General-purpose digital /0
LCD segment output S2
P7.7/S1 92 /o General-purpose digital /0
LCD segment output S1

(5) The pins VDSYS1 and VDSYS2 must be connected externally on board for proper device operation.
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Table 4-4. Terminal Functions — PZ Package (continued)

TERMINAL
NAME NO. | /0@ DESCRIPTION
Pz

P8.0/SO 03 /o General-purpose digital /0
LCD segment output SO
General-purpose digital /0

P8.1/TACLK/RTCCLK/CB3 04 o) Timer clock input TACLK for TAO, TA1, TA2, TA3
RTCCLK clock output
Comparator_B input CB3

TEST/SBWTCK 05 | Test mode pin — select digital I/O on JTAG pins
Spy-By-Wire input clock

PJ.0/TDO 96 /o General-purpose digital /0
Test data output

PJ.1/TDITCLK 97 /o General-purpose digital /0
Test data input or Test clock input

PJ2/TMS 08 /o General-purpose digital 1/0
Test mode select

PJ.3/TCK 99 /o General-purpose digital /0
Test clock
Reset input active low®

RST/NMI/SBWTDIO 100 | 1/O

Non-maskable interrupt input

Spy-By-Wire data input/output

(6) When this pin is configured as reset, the internal pullup resistor is enabled by default.
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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 schematics of the
multiplexed ports, see Section 6.11.27.

4.4 Connection of Unused Pins

The correct termination of all unused pins is listed in Table 4-5.

Table 4-5. Connection of Unused Pins®

Pin Potential Comment

AVCC DVcc

AVSS DVss

Px.y Open Switched to port function, output direction (PxDIR.n = 1). Px.y represents port x and bit y
of port x (for example, P1.0, P1.1, P2.2, PJ.0, PJ.1)

XIN DVss For dedicated XIN pins only. XIN pins with shared GPIO functions should be
programmed to GPIO and follow Px.y recommendations.

XOuT Open For dedicated XOUT pins only. XOUT pins with shared GPIO functions should be
programmed to GPIO and follow Px.y recommendations.

LCDCAP DVsg

RST/NMI DVcc of Vee 47-kQ pullup or internal pullup selected with 10-nF (2.2 nF) pulldown®

PJ.0/TDO Open The JTAG pins are shared with general purpose I/O function (PJ.x). If not being used,

PJ.1/TDI these should be switched to port function, output direction (PJDIR.n = 1). When used as

PJ.2ITMS JTAG pins, these pins should remain open.

PJ.3/TCK

TEST Open This pin always has an internal pulldown enabled.

(1) Any unused pin with a secondary function that is shared with general purpose I/O should follow the Px.y unused pin connection
guidelines.

(2) The pulldown capacitor should not exceed 2.2 nF when using devices with Spy-Bi-Wire interface in Spy-Bi-Wire mode or in 4-wire JTAG
mode with Tl tools such as 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)

Voltage applied at DVCC to DVSS -0.3Vto4.1V
Voltage applied to any pin (excluding VCORE)® -0.3V1to Ve + 0.3V
Diode current at any device pin +2 mA

Maximum junction temperature, T, 95°C

(1) 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.

(2) All voltages referenced to Vss. Vcore is for internal device use only. No external DC loading or voltage should be applied.
5.2 Handling Ratings
MIN MAX UNIT
Tog Storage temperature range® -55 105 °C
(1) 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.
5.3 Recommended Operating Conditions
Typical values are specified at Voc = 3.3 V and T, = 25°C (unless otherwise noted)
MIN  NOM MAX| UNIT
PMMCOREVx = 0 1.8 3.6 Vv
v Supply voltage during program execution and flash PMMCOREVx =0, 1 2.0 36| V
ce programming. Vavee = Vovee = Vee™®® PMMCOREVx = 0, 1, 2 22 36| V
PMMCOREVx =0, 1, 2, 3 24 3.6 Vv
Vss Supply voltage Vavss = Vpyss = Vss 0 \
Ta Operating free-air temperature | version -40 85| °C
T; Operating junction temperature | version -40 85| °C
CvcoRre Recommended capacitor at VCORE 470 nF
SDVCC/ Capacitor ratio of DVCC to VCORE 10
VCORE
PMMCOREVx = 0,
1.8V<sVcc<36V 0 8.0
(default condition)
. @ @ PMMCOREVx = 1, 0 12.0
f Processor frequency (maximum MCLK frequency) 2V<Vee<36V 1 MHz
SYSTEM (see Figure 5-1)
PMMCOREVX = 2, 0 20.0
22V<Vcc<36V ’
PMMCOREVx = 3,
24V <Vccs36V 0 25.0
ILoAD, Maximum load current that can be drawn from DVCC 20! mA
DVCCD for core and 10 (ILoap = Icore * lio)
ILoaD, Maximum load current that can be drawn from 20| mA
AUX1D AUXVCCI1 for core and IO (ILOAD = ICORE + ||o)
ILoAD, Maximum load current that can be drawn from 20! mA
AUX2D AUXVCC?2 for core and IO (ILOAD = ICORE + ||o)
lLoaD Maximum load current that can be drawn from AVCC
X — 10| mA
AVCCA for analog modules (I oap = Imodules)
(1) Itis recommended to power AVCC and DVCC from the same source. A maximum difference of 0.3 V between V(AVCC) and V(DVCC)
can be tolerated during power up and operation.
(2) The minimum supply voltage is defined by the supervisor SVS levels when it is enabled. See the Table 5-14 threshold parameters for
the exact values and further details.
(3) The MSP430 CPU is clocked directly with MCLK. Both the high and low phase of MCLK must not exceed the pulse duration of the
specified maximum frequency.
(4) Modules may have a different maximum input clock specification. See the specification of the respective module in this data sheet.
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Recommended Operating Conditions (continued)

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

MIN  NOM MAX | UNIT
ILoaD, Maximum load current that can be drawn from 5| mA
AUXIA AUXVCC1 for analog modules (I oap = Imodules)
ILoAD, Maximum load current that can be drawn from 5| mA
AUX2A AUXVCC2 for analog modules (I oap = Imodules)
PinT Internal power dissipation Ve X I(DVCC) W
Pio I/0 power dissipation of the I/O pins powered by DVCC (Vee - Vion) X hiow * w
VioL X lioL
Pmax Maximum allowed power dissipation, Pyax > Pio + PinT (Ty-TaA)O3a w
A
25 —
N~ 20 —
T
=
>
g 12 —
(]
=}
o
e
[T
S0
2]
>
9]
0 >
1.8 2.0 2.2 2.4 3.6
Supply Voltage - V
The numbers within the fields denote the supported PMMCOREVx settings.
Figure 5-1. Maximum System Frequency
5.4 Active Mode Supply Current Into Vc Excluding External Current
over recommended operating free-air temperature (unless otherwise noted)»®@®
FREQUENCY (fpco = fucik = fsmei)
PARAMETER Eﬁ'EE%ALgé?(N Vee PMM(;OREV 1 MHz 8 MHz 12 MHz 20 MHz 25 MHz UNIT
TYP MAX | TYP MAX | TYP MAX | TYP MAX | TYP  MAX
0 032 050| 2.08 284
| @ Flash 3v 1 0.35 2.35 3.50 4.76 mA
AM: Flash 2 0.39 2.68 3.99 6.61 83
3 0.41 2.83 4.22 6.98 8.67 1175
(1) Allinputs are tied to 0 V or to Vcc. Outputs do not source or sink any current.

@
@)

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

Characterized with program executing typical data processing.

fACLK = 32786 Hz, fDCO = fMCLK = fSMCLK at specified frequency.

XTS = CPUOFF = SCGO0 = SCG1 = OSCOFF = SMCLKOFF = 0.

Active mode supply current when program executes in flash at a nominal supply voltage of 3.0 V.

(4)
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Active Mode Supply Current Into V. Excluding External Current (continued)

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

FREQUENCY (fpco = fucik = fsmei)
PARAMETER E>|\(/|EE%/|LgI¥$N Vee PMMCXOREV 1 MHz 8 MHz 12 MHz 20 MHz 25 MHz UNIT
TYP MAX | TYP MAX TYP MAX TYP MAX TYP MAX
0 0.19 1.04
. ) RAM 3v 1 0.21 1.20 1.77 mA
' 2 0.23 1.38 2.04 3.35
3 0.24 1.47 2.18 3.58 4.44

(5) Active mode supply current when program executes in RAM at a nominal supply voltage of 3.0 V.

28 Specifications
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5.5 Low-Power Mode Supply Currents (Into Vc) Excluding External Current
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)®®

Temperature (Tp)
PARAMETER Vee PMMCOREVX -40°C 25°C 85°C UNIT
TYP MAX TYP MAX TYP MAX
| L de 00 @ 22V 0 70 75 86 A
ow-power mode
LPMO, 1MHz P 3V 3 81 87 105 100 130 "
| L de 26 @ 22V 0 5.9 6.5 12.5 A
ow-power mode
LPM2 P 3V 3 6.7 7.3 18| 138 30| ¥
0 1.50 2.0 7.8
| Low-power mode 3, crystal |\, 1 165 22 8.3 HA
LPM3,XT1LF mode(ﬁ) 4) . 2 1.80 24 86
3 1.84 2.4 8.6
0 2.0 2.5 8.5
Low-power mode 3, crystal 1 21 2.7 9.0
ILPMm3 XTILF modep(ﬁ) @ 4 3V > o9 59 9.3 HA
3 2.3 2.9 9.3 25
0 1.3 1.7 7.5
Low-power mode 3, 1 13 18 7.9
lLpm3,vLO VLO mode? @ 3V > 14 T 80 HA
3 1.4 1.9 8.2 25.0
0 1.2 1.6 7.4
| L de 4® &) 3V L 12 L7 ’8 A
ow-power mode
LR P 2 13 17 7.9 "
3 1.3 1.7 8.0 23.0
Low-power mode 3.5, RTC | 2.2V 0.7 0.9 14
lLpm3.s : ©) PA
active on AUXVCC3 3V 1.0 1.2 15 1.8 3.0
ILpMa.s Low-power mode 4.510) 3V 0.6 0.7 1.0 1.2 20| pA

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

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

(3) Current for watchdog timer clocked by SMCLK included. ACLK = low frequency crystal operation (XTS = 0, XT1DRIVEX = 0).
CPUOFF =1, SCGO0 =0, SCG1 =0, OSCOFF =0 (LPMO), fACLK = 32768 Hz, fMCLK =0 MHz, fSMCLK = fDCO =1MHz

(4) Current for brownout, high-side supervisor (SVSy) normal mode included. Low side supervisor and monitors disabled (SVS,, SVM,).
High side monitor disabled (SVMy). RAM retention enabled.

(5) Current for watchdog timer and RTC clocked by ACLK included. ACLK = low frequency crystal operation (XTS = 0, XT1DRIVEx = 0).
CPUOFF =1,SCGO0 =0,SCG1 =1, OSCOFF =0 (LPMZ), fACLK = 32768 Hz, fMCLK =0 MHz, fSMCLK = fDCO =0 MHz; DCO Setting
=1 MHz operation, DCO bias generator enabled.

(6) Current for watchdog timer and RTC clocked by low frequency clock included. ACLK = low frequency crystal operation (XTS =0,
XT1DRIVEXx = 0).

CPUOFF =1,SCGO0 =1, SCG1 =1, OSCOFF =0 (LPM3), fACLK = 32768 Hz, fMCLK = fSMCLK = cho =0 MHz

(7) Current for watchdog timer and RTC clocked by low frequency clock included. ACLK = VLO.

CPUOFF =1,SCGO0 =1, SCG1 =1, OSCOFF =0 (LPM3), fACLK = fVLOr fMCLK = fSMCLK = cho =0 MHz

(8) CPUOFF = l, SCGO = 1, SCG1 = 1, OSCOFF =1 (LPM4), fDCO = fACLK = fMCLK = fSMCLK =0 MHz

(9) fDCO = fMCLK = fSMCLK =0 MHz, fACLK = 32768 Hz, PMMREGOFF = 1, RTC active on AUXVCC3 Supply

(10) fDCO = fMCLK = fSMCLK =0 MHz, fACLK =0 Hz, PMMREGOFF =1
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5.6 Low-Power Mode With LCD Supply Currents (Into Vc) Excluding External Current

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

Temperature (Tp)
PARAMETER Vee PMMCOREVx -40°C 25°C 85°C UNIT
TYP MAX TYP MAX TYP MAX
0 25 3.1 9.1
ILpm3 Low-power mode 3 (LPM3) 1 26 3.3 95
LCD, current, LCD 4-mux mode, 3V HA
ext. bias external biasing® ® 2 2.8 35 9.9
3 2.8 35 6.0 10.0 25.0
0 2.9 35 9.7
| Low-power mode 3 (LPM3)
Sy current, LCD 4-mux mode, 3V 1 31 3.7 101 A
int. bias internal biasing, charge 2 3.2 4.0 10.5 H
: pump disabled® ©)
3 3.3 4.0 5.5 10.5 25.0
0 2.2 2.8 8.8
22V 1 2.3 3.0 9.1 pA
Low-power mode 3 (LPM3) 2 2.5 3.2 9.5
ILpm3 current, LCD 4-mux mode,
LCD,CP internal biasing, charge 0 26 82 9.3
pump enabled® © 1 2.8 3.4 9.7
3V A
2 2.9 3.6 10.1
3 3.0 3.7 10.2

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

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

(3) Current for watchdog timer and RTC clocked by ACLK included. ACLK = low frequency crystal operation (XTS = 0, XT1DRIVEx = 0).
CPUOFF =1,SCGO0 =1, SCG1 =1, OSCOFF =0 (LPM3), fACLK = 32768 Hz, fMCLK = fSMCLK = cho =0 MHz
Current for brownout and high-side supervisor (SVSy) in normal mode included. Low-side supervisor and monitors disabled (SVS,,
SVM,). High side monitor disabled (SVMy). RAM retention enabled.

(4) LCDMx =11 (4-mux mode), LCDREXT = 1, LCDEXTBIAS = 1 (external biasing), LCD2B = 0 (1/3 bias), LCDCPEN = 0 (charge pump
disabled), LCDSSEL = 0, LCDPREXx = 101, LCDDIVx = 00011 (f_cp = 32768 Hz / 32 / 4 = 256 Hz)

Current through external resistors not included (voltage levels are supplied by test equipment).
Even segments (S0, S2, ...) =0, and odd segments (S1, S3, ...) = 1. No LCD panel load.

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

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

5.7.1 Reset Timing

Table 5-1. Wake-Up Time From Low-Power Modes and Reset
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

BOR event to active mode )

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Wake-up time from LPM2, PMMCOREV = SVSMLRRL =n fucik 2 4.0 MHz 5

twake-up-FasT  LPM3, or LPM4 to active (wheren =0, 1, 2, or 3), us
mode ¥ SVSLFP =1 fuvcLk < 4.0 MHz 10
Wake-up time from LPM2, PMMCOREV = SVSMLRRL =n (wheren=0, 1, 2, or

tWAKE-UP-SLOW LPM3 or LPM4 to active 3), 150 165 us
mode SVSLFP =0
Wake-up time from LPM4.5 to

tWAKE-UP-LPM4.5 active mpode(3) 2 3| ms
Wake-up time from RST or

twAKE-UP-RESET b 2 3| ms

(1) This value represents the time from the wakeup event to the first active edge of MCLK. The wakeup time depends on the performance
mode of the low-side supervisor (SVS,) and low side monitor (SVM,). Fastest wakeup times are possible with SVS, and SVM, in full
performance mode or disabled when operating in AM, LPMO, and LPM1. Various options are available for SVS, and SVM_ while
operating in LPM2, LPM3, and LPM4. See the Power Management Module and Supply Voltage Supervisor chapter in the MSP430x5xx
and MSP430x6xx Family User's Guide (SLAU208).

(2) This value represents the time from the wakeup event to the first active edge of MCLK. The wakeup time depends on the performance
mode of the low-side supervisor (SVS|) and low side monitor (SVM,). In this case, the SVS, and SVM_ are in normal mode (low current)
mode when operating in AM, LPMO, and LPM1. Various options are available for SVS, and SVM, while operating in LPM2, LPM3, and
LPM4. See the Power Management Module and Supply Voltage Supervisor chapter in the MSP430x5xx and MSP430x6xx Family User's
Guide (SLAU208).

(3) This value represents the time from the wakeup event to the reset vector execution.
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5.7.2 Clock Specifications

Table 5-2. Crystal Oscillator, XT1, Low-Frequency Mode®

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

PARAMETER TEST CONDITIONS Vee MIN TYP  MAX| UNIT
fosc = 32768 Hz, XTS = 0, XT1BYPASS =0, 0.075
Differential XT1 oscillator XTIDRIVEx =1, Ta = 25°C
Al crystal current consumption | fogc = 32768 Hz, XTS = 0, XT1BYPASS =0, 3V 0.170 A
DVCCLF  from lowest drive setting, LF | XTIDRIVEX = 2, Ta = 25°C ' H
made fosc = 32768 Hz, XTS = 0, XT1BYPASS = 0, 0.290
XT1DRIVEX = 3, Tp = 25°C ’
XT1 oscillator crystal _ _
fXTl,LFO frequency, LF mode XTS =0, XT1IBYPASS =0 32768 Hz
XT1 oscillator logic-level
fxrilFsw  Square-wave input frequency, | XTS = 0, XTIBYPASS = 1@ ® 10 32.768 50| kHz
LF mode
XTS =0, XT1BYPASS = 0, XT1DRIVEX = 0, 210
OA Oscillation ahllowance for fxT1,LF = 32768 Hz, C\ ¢t = 6 pF o
LF LF crystals® XTS = 0, XTIBYPASS = 0, XT1DRIVExX = 1, 300
fXTl,LF = 32768 Hz, CL,eff =12 pF
XTS = 0, XCAPx = 0® 2
c Integrated effective load XTS =0, XCAPx =1 5.5 F
Leff capacitance, LF mode®) XTS = 0, XCAPx = 2 8.5 P
XTS =0, XCAPx =3 12.0
XTS =0, Measured at ACLK, o
Duty cycle, LF mode furir = 32768 Hz 30 70 %
Oscillator fault frequency,
feault LF LF mode® quency XTS =0® 10 10000| Hz
fosc = 32768 Hz, XTS = 0, XT1BYPASS =0, 1000
_ XT1DRIVEX = 0, Tp = 25°C, C| ot = 6 pF
tSTART LE Startup time, LF mode : 3V ms
' fosc = 32768 Hz, XTS = 0, XT1BYPASS =0, 500
XTIDRIVEX = 3, Ta = 25°C, C_ ¢t = 12 pF
(1) To improve EMI on the XT1 oscillator, the following guidelines should be observed.

» 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.

(2) When XT1BYPASS is set, XT1 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.

(3) Maximum frequency of operation of the entire device cannot be exceeded.

(4) Oscillation allowance is based on a safety factor of 5 for recommended crystals. The oscillation allowance is a function of the
XT1DRIVEX 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 XT1DRIVEX =0, C_ ¢ < 6 pF.

+ For XT1DRIVEX = 1, 6 pF < C__ ¢t < 9 pF.
+ For XT1DRIVEX = 2, 6 pF < C_ g < 10 pF.
+  For XT1DRIVEX = 3, C_ ¢ 2 6 pF.

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

Because the PCB adds additional capacitance, it is recommended to verify the correct load by measuring the ACLK frequency. For a
correct setup, the effective load capacitance should always match the specification of the used crystal.

(6) Requires external capacitors at both terminals. Values are specified by crystal manufacturers.

(7) Frequencies below the MIN specification set the fault flag. Frequencies above the MAX specification do not set the fault flag.
Frequencies in between might set the flag.

(8) Measured with logic-level input frequency but also applies to operation with crystals.
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Table 5-3. Internal Very-Low-Power Low-Frequency Oscillator (VLO)
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Vee MIN  TYP MAX| UNIT
fuLo VLO frequency Measured at ACLK 1.8Vt03.6V 6 9.6 15| kHz
dfy o/dt VLO frequency temperature drift Measured at ACLK 1.8Vt03.6V 0.5 %/°C
dfy o/dVcee VLO frequency supply voltage drift Measured at ACLK 1.8Vt03.6V 4 %IV

Duty cycle Measured at ACLK 1.8Vt03.6V 40 50 60 %
Table 5-4. Internal Reference, Low-Frequency Oscillator (REFO)
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
PARAMETER TEST CONDITIONS Vce MIN TYP  MAX| UNIT
IReEFO REFO oscillator current consumption | Ty = 25°C 1.8Vto3.6V 3 A
REFO frequency calibrated Measured at ACLK 1.8Vto3.6V 32768 Hz
frero . Full temperature range 1.8Vto3.6V -3.5 +3.5 %
REFO absolute tolerance calibrated
Ta =25°C 3V -1.5 +1.5 %
dfrero/dr REFO frequency temperature drift Measured at ACLK 1.8Vto3.6V 0.01 %/°C
dfrero/dVee REFO frequency supply voltage drift | Measured at ACLK 1.8Vto3.6V 1.0 %IV
Duty cycle Measured at ACLK 1.8Vto3.6V 40 50 60 %
tsTART REFO startup time 40%/60% duty cycle 1.8Vto3.6V 25 us
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over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

Table 5-5. DCO Frequency

PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT
foco(.0) DCO frequency (0, 0)® DCORSELXx = 0, DCOx = 0, MODx = 0 0.07 0.20| MHz
foco(,31) DCO frequency (0, 31)® DCORSELXx = 0, DCOx = 31, MODx = 0 0.70 1.70| MHz
foco(w.0) DCO frequency (1, 0)® DCORSELX = 1, DCOx = 0, MODx = 0 0.15 0.36| MHz
foco(.31) DCO frequency (1, 31)® DCORSELXx = 1, DCOx = 31, MODx = 0 1.47 3.45| MHz
foco(2.0) DCO frequency (2, 0)® DCORSELX = 2, DCOx = 0, MODx = 0 0.32 0.75| MHz
foco(2,31) DCO frequency (2, 31)® DCORSELXx = 2, DCOx = 31, MODx = 0 3.17 7.38| MHz
foco(.0) DCO frequency (3, 0)® DCORSELX = 3, DCOx = 0, MODx = 0 0.64 151| MHz
foco(,31) DCO frequency (3, 31)® DCORSELXx = 3, DCOx = 31, MODx = 0 6.07 14.0| MHz
foco.0) DCO frequency (4, 0)® DCORSELX = 4, DCOx = 0, MODx = 0 1.3 3.2| MHz
foco,31) DCO frequency (4, 31)® DCORSELX = 4, DCOx = 31, MODx = 0 12.3 28.2| MHz
foco(s.0) DCO frequency (5, 0)® DCORSELXx = 5, DCOx = 0, MODx = 0 25 6.0| MHz
foco(s,31) DCO frequency (5, 31)® DCORSELXx = 5, DCOx = 31, MODx = 0 23.7 54.1| MHz
foco.0) DCO frequency (6, 0)™ DCORSELX = 6, DCOx = 0, MODx = 0 46 10.7| MHz
focos,31) DCO frequency (6, 31)® DCORSELXx = 6, DCOx = 31, MODx = 0 39.0 88.0| MHz
foco(z.0) DCO frequency (7, 0)® DCORSELXx = 7, DCOx = 0, MODx = 0 8.5 19.6 | MHz
foco(z,31) DCO frequency (7, 31)® DCORSELXx = 7, DCOx = 31, MODx = 0 60 135| MHz
SbCcoRsEL Ergg?gé{ Satﬁg g((e:t\(l)vgesnErf\rlgf SrseL = fococorseL+1,bco)/fococorsELbco) 1.2 23| ratio
Sbco Erggu:;]gsté%J f (:eLtween tap Sbco = foco(pcorseL bco+1)/fococorseL beo) 1.02 1.12| ratio
Duty cycle Measured at SMCLK 40 50 60 %
dfpco/dT DCO frequency temperature drift | fpco = 1 MHz 0.1 %/°C
dfpco/dVeore DCO frequency voltage drift foco =1 MHz 1.9 %IV

(1) When selecting the proper DCO frequency range (DCORSELX), the target DCO frequency, fpco, should be set to reside within the
range of fpco(n, 0),max = foco = focon, 31),min, Where focom, 0),max represents the maximum frequency specified for the DCO frequency,
range n, tap 0 (DCOx = 0) and fpcom,31),min represents the minimum frequency specified for the DCO frequency, range n, tap
31 (DCOx = 31). This ensures that the target DCO frequency resides within the range selected. It should also be noted that if the actual
foco frequency for the selected range causes the FLL or the application to select tap 0 or 31, the DCO fault flag is set to report that the
selected range is at its minimum or maximum tap setting.

Typical DCO Frequency, V.. =3.0V,T, = 25°C

100 7
7 II’
/ /
/ /
g /
10 v - ,/ ,/ ,’/
N Il’ II’ II’ -
é / / / V4
| / / /
. , 7 7
- DCOx =31 / / /
1 AL - /
II Il Il
y 4 7 7
/ V4
/ /
/ V4
0.1 DCOx =0
0 1 2 3 4 5 6
DCORSEL

Figure 5-2. Typical DCO Frequency
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5.8 Peripherals
5.8.1 Digital I/Os

Table 5-6. Schmitt-Trigger Inputs — General Purpose 1/O

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

PARAMETER TEST CONDITIONS Vee MIN  TYP  MAX| UNIT
o o 1.8V 0.80 1.40
ViT+ Positive-going input threshold voltage 3v 150 210 \%
, o 1.8V 0.45 1.00
Vir_ Negative-going input threshold voltage 3v 075 165 \%
Vhys  Input voltage hysteresis (Vir. — Vir_) 18V 03 085 Y
3V 0.4 1.0
Rpui Pullup or pulldown resistor Eg:: Eﬂ”gng'“v:”\‘vf%cc 20 35 50| kQ
C Input capacitance Vin = Vss Of Ve 5 pF
Table 5-7. Inputs — Ports P1 and P2
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
PARAMETER TEST CONDITIONS Vce MIN  MAX| UNIT
ty  External interrupt timing® E)ogtef ilﬁtgrfgglfiggto P2.x, Bxternal trigger pulse duration | 5 \; 3 20 ns

(1) Some devices may contain additional ports with interrupts. See the block diagram and terminal function descriptions.
(2) An external signal sets the interrupt flag every time the minimum interrupt pulse duration t;ny is met. It may be set by trigger signals

shorter than tjny.

Table 5-8. Leakage Current — General Purpose 1/O

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

PARAMETER

TEST CONDITIONS

Vee

MIN

MAX

UNIT

likg(Px.y) High-impedance leakage current

[©]6)]

18V,3V

-50

+50

nA

(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.
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Table 5-9. Outputs — General Purpose I/O (Full Drive Strength)
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Vee MIN MAX | UNIT
[ =-3mA® 1.55 1.80
(OHmax) - 18V
. l(OHmax) = —10 mA® 1.20 1.80
Vou High-level output voltage I \%
l(OHmax) = —5 MA® v 2.75 3.00
l(oHmax) = —15 mA® 2.40 3.00
[ =3mA® 0.00 0.25
(OLmax) & 18V
loLmax) = 10 mA®) 0.00 0.60
VoL Low-level output voltage > \%
loLmax) = 5 mA® 3V 0.00 0.25
l(oLmax) = 15 mA® 0.00 0.60

(1) The maximum total current, liopmax), for all outputs combined should not exceed +20 mA to hold the maximum voltage drop specified.
( )
See Section 5.3 for more details.
(2) The maximum total current, |o max), for all outputs combined should not exceed +48 mA to hold the maximum voltage drop specified.
( )
3) The maximum total current, I;o; max), for all outputs combined should not exceed +100 mA to hold the maximum voltage drop specified.
( )

Table 5-10. Outputs — General Purpose I/O (Reduced Drive Strength)
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)®

PARAMETER TEST CONDITIONS Vee MIN MAX | UNIT
| (OHmax) = —1 MA@ L8V 1.55 1.80
_ l(OHmax) = —3 MA® ' 1.20 1.80
Vou High-level output voltage > \%
l(OHmax) = —2 MA® 2.75 3.00
3V
|(OHmax) = —6 MA® 2.40 3.00
loLmax) = 1 MA® L8V 0.00 0.25
loLmax) = 3 MA® ' 0.00 0.60
VoL Low-level output voltage 3 \%
loLmax) = 2 MA® 0.00 0.25
3V
l(oLmax) = 6 MA® 0.00 0.60

(1) Selecting reduced drive strength may reduce EMI.
2) The maximum total current, lionmax), for all outputs combined should not exceed +20 mA to hold the maximum voltage drop specified.
( )
See Section 5.3 for more details.
3) The maximum total current, |, max), for all outputs combined, should not exceed +48 mA to hold the maximum voltage drop specified.
( )
(4) The maximum total current, lo| max), for all outputs combined, should not exceed +100 mA to hold the maximum voltage drop specified.

Table 5-11. Output Frequency — General Purpose I/O
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN MAX | UNIT
VCC =1.8 V, 16
. 1 (2 PMMCOREVX =0
foxy Port output frequency (with load) See D @ MHz
VCC =3V, 25
PMMCOREVX = 3
ACLK Vec=1.8V, 16
SMCLK PMMCOREVx =0
frort_cLk Clock output frequency MCLK v 3V MHz
cc= )
CL =20 pF® PMMCOREVX = 3 25

(1) Aresistive divider with 2 x R1 between V¢ and Vgg is used as load. The output is connected to the center tap of the divider. For full
drive strength, R1 = 550 Q. For reduced drive strength, R1 = 1.6 kQ. C, = 20 pF is connected to the output to Vss.
(2) The output voltage reaches at least 10% and 90% V¢ at the specified toggle frequency.
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5.8.1.1 Typical Characteristics — Outputs, Reduced Drive Strength (PxDS.y = 0)

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
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Figure 5-3. Typical Low-Level Output Current vs Low-Level
Output Voltage
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Figure 5-6. Typical High-Level Output Current vs High-Level
Output Voltage
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5.8.1.2 Typical Characteristics — Outputs, Full Drive Strength (PxDS.y = 1)

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
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Figure 5-7. Typical Low-Level Output Current vs Low-Level
Output Voltage
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5.8.2 Power Management Module (PMM)

Table 5-12. PMM, Brown-Out Reset (BOR)
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP  MAX| UNIT
V(bvce BOR_IT-) BORy on voltage, DV falling level | dDVcc/di | < 3 Vis 1.45 \%
V(bvce BOR_IT+) BORy off voltage, DV rising level | dDVcc/di | < 3 Vis 0.80 1.20 1.50 \%
V(ovce BOR hys) BORy hysteresis 50 250 mVv
— Pulse duration required at RST/NMI pin to 2 us
accept a reset

Table 5-13. PMM, Core Voltage
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT
Vcores(AM) Core voltage, active mode, PMMCOREYV = 3 24V <DVcc£36V 191 \%
Vcore2(AM) Core voltage, active mode, PMMCOREYV = 2 22V <DVcc<36V 1.81 \%
Vcore1(AM) Core voltage, active mode, PMMCOREYV =1 2V<DVcc<36V 1.61 \%
Vcoreo(AM) Core voltage, active mode, PMMCOREYV =0 18V<DVcc£36V 141 \%
Vcores(LPM) Core voltage, low-current mode, PMMCOREYV = 3 24V <DVecs36V 1.94 \%
Vcore2(LPM) Core voltage, low-current mode, PMMCOREYV = 2 22V <DVccs36V 1.92 \%
Vcore1(LPM) Core voltage, low-current mode, PMMCOREV =1 2V<=sDVecs36V 1.73 \%
Vcoreo(LPM) Core voltage, low-current mode, PMMCOREYV = 0 1.8V <sDVcc=s36V 1.52 \%

Table 5-14. PMM, SVS High Side
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP  MAX| UNIT
SVSHE =0, DV = 3.6 V 0 nA
l(svsH) SVS current consumption SVSHE =1, DVcc = 3.6 V, SVSHFP =0 200 nA
SVSHE =1, DVcc = 3.6 V, SVSHFP =1 1.5 HA
SVSHE =1, SVSHRVL =0 1.60 1.65 1.75
SVSHE =1, SVSHRVL =1 1.77 1.84 1.95
V(svsH_IT) SVSy on voltage level \
- SVSHE =1, SVSHRVL =2 1.93 2.00 2.12
SVSHE =1, SVSHRVL =3 2.09 2.16 2.29
SVSHE =1, SVSMHRRL =0 1.65 1.75 1.85
SVSHE =1, SVSMHRRL =1 1.85 1.95 2.05
SVSHE =1, SVSMHRRL = 2 2.05 2.15 2.25
SVSHE =1, SVSMHRRL = 3 2.15 2.25 2.35
V(svsH_IT+) SVSy off voltage level \
- SVSHE =1, SVSMHRRL = 4 2.30 2.40 2.55
SVSHE =1, SVSMHRRL =5 2.57 2.70 2.83
SVSHE =1, SVSMHRRL = 6 2.90 3.05 3.20
SVSHE =1, SVSMHRRL =7 2.90 3.05 3.20
) SVSHE = 1, dVpycc/dt = 10 mV/us, SVSHFP = 1 25
thd(svsH) SVSy propagation delay us
SVSHE = 1, dVpycc/dt = 1 mV/ps, SVSHFP = 0 20
) SVSHE = 0 — 1, dVpycc/dt = 10 mV/us, SVSHFP = 1 12.5
t(svsH) SVSy on or off delay time us
SVSHE = 0 — 1, dVpycc/dt = 1 mV/us, SVSHFP = 0 100
dVpycc/dt DVCC rise time 0 1000| Vs
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Table 5-15. PMM, SVM High Side
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT

SVMHE =0, DVec = 3.6 V 0 nA

l(svmH) SVMy current consumption SVMHE =1, DV¢c = 3.6 V, SVMHFP =0 200 nA
SVMHE =1, DV¢c = 3.6 V, SYMHFP = 1 15 HA
SVMHE =1, SVSMHRRL =0 1.63 1.73 1.83
SVMHE =1, SVSMHRRL =1 1.83 1.93 2.03
SVMHE =1, SVSMHRRL =2 203 213 2.23
SVMHE =1, SVSMHRRL =3 213 2.23 2.33

V(svmH) SVMy, on or off voltage level® SVMHE =1, SVSMHRRL = 4 228 240 253 V
SVMHE =1, SVSMHRRL =5 2.55 2.70 2.81
SVMHE =1, SVSMHRRL =6 288 3.02 318
SVMHE =1, SVSMHRRL =7 2.88 3.02 3.18
SVMHE =1, SVMHOVPE =1 3.77

] SVMHE = 1, dVpycc/dt = 10 mV/ps, SYMHFP = 1 25

tpd(SvMH) SVMy propagation delay us
SVMHE = 1, dVpycc/dt = 1 mVips, SVMHFP = 0 20
SVMHE = 0 — 1, dVpycc/dt = 10 mVi/ps, 125

. SVMHFP =1

tsvmH) SVMy on or off delay time SVMHE = 0 - 1, dVoyeo/dt = 1 mVijs, o0 us

SVMHFP =0

(1) The SVMy settings available depend on the VCORE (PMMCOREVX) setting. See the Power Management Module and Supply Voltage
Supervisor chapter in the MSP430x5xx and MSP430x6xx Family User's Guide (SLAU208) on recommended settings and use.

Table 5-16. PMM, SVS Low Side

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

PARAMETER TEST CONDITIONS MIN TYP  MAX| UNIT
SVSLE =0, PMMCOREYV =2 0 nA
lisvsL) SVS, current consumption SVSLE = 1, PMMCOREYV = 2, SVSLFP =0 200 nA
SVSLE =1, PMMCOREV =2, SVSLFP =1 1.5 HA
, SVSLE = 1, dVgore/dt = 10 mV/us, SVSLFP = 1 25
tpd(svsL) SVS, propagation delay us
SVSLE = 1, dVcore/dt = 1 mV/ps, SVSLFP = 0 20
SVSLE = 0 — 1, dVcore/dt = 10 mV/ps, e
t SVsS ff delay ti SVSLFP =1 .
on or off delay time s
(SVsL) - Y SVSLE = 0 — 1, dVeorg/dt = 1 mV/js, 100 "
SVSLFP =0
Table 5-17. PMM, SVM Low Side
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP  MAX| UNIT
SVMLE = 0, PMMCOREYV = 2 0 nA
l(svmL) SVM, current consumption SVMLE =1, PMMCOREV = 2, SVMLFP =0 200 nA
SVMLE =1, PMMCOREV = 2, SVMLFP =1 15 HA
) SVMLE = 1, dVore/dt = 10 mV/ps, SVMLFP = 1 25
thd(svmL) SVM, propagation delay us
SVMLE = 1, dVogre/dt = 1 mVips, SYMLFP = 0 20
SVMLE = 0 — 1, dVcore/dt = 10 mV/ps, 125
t SVM ff delay ti SVMLFP = 1 .
onoro elay time S
(VML) - y SVMLE = 0 — 1, dVeore/dt = 1 mV/ps, 100 .
SVMLFP =0
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5.8.3 Auxiliary Supplies

Table 5-18. Auxiliary Supplies, Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN  NOM  MAX| UNIT
Vee Supply voltage range for all supplies at pins DVCC, AVCC, AUXVCC1, AUXVCC2, 18 36 v
AUXVCC3
PMMCOREVxX = 0 1.8 3.6
Vosys Sigital :y\?tem_slgpplz \Iloltage range, PMMCOREVX i 1 2.0 36|
DSYS cc ON * lLoAD PMMCOREVX = 2 2.2 3.6
PMMCOREVx = 3 24 3.6
Vasvys Analog system supply voltage range, Vasys = Vcc — Ron % lLoap See modules \%
Ta Ambient temperature range -40 85| °C
TaHTOL Ambient temperature during HTOL (module should be functional during HTOL) 150 °C
Cvce,.Cauxyz Recommended capacitor at pins DVCC, AVCC, AUXVCC1, AUXVCC2 4.7 uF
Cysys Recommended capacitor at pins VDSYS1, VDSYS2 and VASYS1, VASYS2 4.7 uF
CvcoRre Recommended capacitance at pin VCORE 0.47 uF
Cauxa Recommended capacitor at pin AUXVCC3 0.47 uF

Table 5-19. Auxiliary Supplies, AUXVCC3 (Backup Subsystem) Currents
over operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS Vee Ta MIN TYP  MAX| UNIT
| AUXVCCS3 current with | RTC and 32-kHz oscillator in 3v 25°C 0.86 A
AUX3,RTCon RTC enabled backup subsystem enabled 85°C 12| M
| AUXVCC3 current with | RTC and 32-kHz oscillator in 3v 25°C 120 A
AUX3,RTCoff RTC disabled backup subsystem disabled 85°C 220

Table 5-20. Auxiliary Supplies, Auxiliary Supply Monitor
over operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
LOCKAUX = 0, AUXMRx =0
Average supply current | AUXOMD = 0, AUX1MD = 0,
Icc Monitor for monitoring circuitry AUX2MD =1, 1.10| pA
drawn from VDSYS VDSYS = DVCC, VASYS = AVCC,
Current measured at VDSYS
Average current drawn LOCKAUX = 0, AUXMRx = 0
gec AUXOMD = 0, AUX1MD =0,
from monitored supply _
veas Montior during measurement AUX2MD = 1, 0131 wA
cvele VDSYS = DVCC, VASYS = AVCC,
y Current measured at AUXVCC1
Vsymn Vsymu Vsvmn
(SVSMHRRLx (SVSMHRRLx (SVSMHRRLx
General = AUXLVLx) = AUXLVLx) = AUXLVLx)
X - 5% X + 5%
AUXLVLXx =0 1.65 1.75 1.85
Auxiliary supply AUXLVLXx =1 1.85 1.95 2.05
VMonitor threshold level (same as | AUXLVLx = 2 2.05 2.15 225 V
high-side SVM)
AUXLVLXx =3 2.15 2.25 2.35
AUXLVLXx =4 2.30 2.40 2.55
AUXLVLXx =5 2.57 2.70 2.83
AUXLVLX =6 2.90 3.00 3.20
AUXLVLXx =7 2.90 3.00 3.20
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Table 5-21. Auxiliary Supplies, Switch On-Resistance

over operating free-air temperature range (unless otherwise noted)
PARAMETER TEST CONDITIONS Vee MIN TYP  MAX| UNIT

R On-resistance of switch
ON.DVCC  petween DVCC and VDSYS

On-resistance of switch
RON,DAUXl between AUXVCC1 and lLoap = lcore *+ lio =10 mA + 10 mA = 20 mA 5 Q
VDSYS

On-resistance of switch
RON,DAUXZ between AUXVCC2 and lLoap = lcore *+ lio =10 mA + 10 mA = 20 mA 5 Q
VDSYS

ILOAD = ICORE + I|O =10 mA + 10 mA =20 mA 5 Q

R On-resistance of switch | - - 10 mA
ON,AVCC between AVCC and VASYS LOAD — 'Modules —

On-resistance of switch
RON,AAUXl between AUXVCC1 and ILOAD = |Modules =5 mA 20 Q
VASYS

On-resistance of switch
RON,AAUXZ between AUXVCC2 and ILOAD = |Modules =5 mA 20 Q
VASYS

Table 5-22. Auxiliary Supplies, Switching Time
over operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS Vce MIN TYP  MAX| UNIT

Time from occurrence of trigger (SVM or software)

tswitch P : 100| ns
to "new" supply connected to system supplies
"Recovery time" after a switch over took place.

tRecover During that time no further switching takes place. 170 4801 s

Table 5-23. Auxiliary Supplies, Switch Leakage

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

PARAMETER TEST CONDITIONS Vee MIN TYP MAX| UNIT
| Current into DVCC, AVCC, AUXVCC1, or | Per supply (but not the highest 75 250! nA
SW.Lkg AUXVCC?2 if not selected supply)
lvmax Current drawn from highest supply 500 700 nA

Table 5-24. Auxiliary Supplies, Auxiliary Supplies to ADC10_A
over operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS Ve MIN TYP MAX| UNIT

N 18V 0.57 0.6 0.63

Vs \S,:‘ip{)’s‘u'g:jge divider 3V 095 10 105 Vv
36V 1.14 1.2 1.26

AUXADCRx =0 15| kQ

Rys Load resistance AUXADCRx = 1 15| kQ

AUXADCRx = 2 0.6 kQ

) ) ) ) ) ) AUXADCRx =0 1000 ns

tsamples sg\lr;ggr&g time required if V3 is iréﬁ'l’tosf (1:0Lns\./§r3|on AUXADCRX = 1 1000 ns

AUXADCRX = 2 1000 ns
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Table 5-25. Auxiliary Supplies, Charge Limiting Resistor

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

PARAMETER TEST CONDITIONS Vee MIN TYP MAX| UNIT
CHCx =1 3V 5
Rcharge Charge limiting resistor CHCx =2 3V 10| kQ
CHCx =3 3V 20
5.8.4 Timer_A
Table 5-26. Timer_A
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
PARAMETER TEST CONDITIONS Vce MIN TYP MAX | UNIT
Internal: SMCLK or ACLK,
fra Timer_A input clock frequency External: TACLK, 1.8V,3V 25| MHz
Duty cycle = 50% + 10%
) _ All capture inputs, Minimum pulse
trA cap Timer_A capture timing duration required for capture 1.8V,3V 20 ns
5.8.5 eUSCI
Table 5-27. eUSCI (UART Mode), Recommended Operating Conditions
PARAMETER CONDITIONS Vce MIN TYP MAX | UNIT
Internal: SMCLK or ACLK,
feuscl eUSCI input clock frequency External: UCLK, fsystem | MHz
Duty cycle = 50% + 10%
BITCLK clock frequency
farreLk (equals baud rate in MBaud) 5| MHz
Table 5-28. eUSCI (UART Mode)
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
PARAMETER TEST CONDITIONS Vce MIN TYP MAX | UNIT
UCGLITx=0 10 15 25
. . . 1 UCGLITx =1 30 50 85
t UART receive deglitch time®) 2V,3V ns
UCGLITx =2 50 80 150
UCGLITx =3 70 120 200

(1) Pulses on the UART receive input (UCxRX) shorter than the UART receive deglitch time are suppressed. To make sure that pulses are
correctly recognized, their duration should exceed the maximum specification of the deglitch time.
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Table 5-29. eUSCI (SPI Master Mode), Recommended Operating Conditions

PARAMETER CONDITIONS Vce MIN TYP MAX | UNIT
. Internal: SMCLK or ACLK,
feuscl eUSCI input clock frequency Duty cycle = 50% + 10% fsystem| MHz

Table 5-30. eUSCI (SPI Master Mode)
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)™®
PARAMETER TEST CONDITIONS Vee MIN  TYP MAX | UNIT
) UCSTEM = 0, UCMODEX = 01 or 10 2V,3V 150
tsteLeap  STE lead time, STE low to clock ns
' UCSTEM = 1, UCMODEX = 01 or 10 2V,3V 150

UCSTEM = 0, UCMODEXx = 01 or 10 2V,3V 200

t STE lag time, Last clock to STE high ns
STELAG 9 9 [UCSTEM =1, UCMODEx=010r10 | 2V,3V | 200
2V 50
UCSTEM = 0, UCMODEXx = 01 or 10
‘ STE access time, STE low to SIMO 3v 30 ns
STE.ACC data out oV 50
UCSTEM =1, UCMODEx =01 or 10
3V 30
2V 40
UCSTEM = 0, UCMODEXx = 01 or 10
; STE disable time, STE high to SIMO 3v 25 ns
STEDIS high impedance oV 40
UCSTEM =1, UCMODEx =01 or 10
3V 25
. . 2V 50
tsumi SOMI input data setup time .y 20 ns
. . 2V 0
tHp,mi SOMI input data hold time .y B ns
tvapmo  SIMO output data valid time UCLK edge to SIMO valid, C_ = 20 pF 3v 5 ns
B 2V 0
thp, MO SIMO output data hold time CL=20pF 3v 0 ns

(1) fucxerk = L2t oy With t o = max(tvaLio,moeusc) + tsu,si(siave) tsumieuscr + tvaLID,sO(Slave))-
For the slave's parameters tsy sisiave) @Nd 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 5-11 and Figure 5-12.

(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-
11 and Figure 5-12.
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Figure 5-12. SPI Master Mode, CKPH =1
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Table 5-31. eUSCI (SPI Slave Mode)
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)®

PARAMETER TEST CONDITIONS Vee MIN TYP  MAX| UNIT
: 2V 4
tsTE LEAD STE lead time, STE low to clock 3V 3 ns
) ) 2V 0
tsTE LAG STE lag time, Last clock to STE high 3V 0 ns
) 2V 46
tsTE ACC STE access time, STE low to SOMI data out 3V ” ns
‘ STE disable time, STE high to SOMI high 2v 38 ns
STEDIS impedance 3V 25
) ) 2V 2
tsu,si SIMO input data setup time 3V : ns
. ) 2V 2
thp,si SIMO input data hold time 3V ) ns
i 2V 55
e (2) UCLK edge to SOMI valid,
tvALID,sO SOMI output data valid time CL= 20 pF 3V 2 ns
@ 2V 24
thp,so SOMI output data hold time C_=20pF 3V 6 ns

(1) fucxerk = L2t oy With t o 2 max(tyaLip,moMaster) * tsu,sieuscl), tsuMiMaster) + tVALID,sOEUSCH))-
For the master's parameters tsy mimaster) aNd tyaLip,Mo(Master) refer to the SPI parameters of the attached slave.

(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 5-13 and Figure 5-14.

(3) Specifies how long data on the SOMI output is valid after the output changing UCLK clock edge. See the timing diagrams in Figure 5-13
and Figure 5-14.

UCMODEX = 01 % *
STE I<_’I_ tSTE,LEAD tSTE,LAG _I‘_’I

I
UCMODEX = 10 3,( I
1
I

I
| |<_ 1IfUCxCLK _’I |

tSU,SIMO

tHD,SIMO

i
~
g
g
I
2
%
g
2
Y
2
v _

SIMO

——

SR e e e a—

tVALID,SOMI tDIS _>, I‘_
Figure 5-13. SPI Slave Mode, CKPH =0
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Figure 5-14. SPI Slave Mode, CKPH =1
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Table 5-32. eUSCI (I°C Mode)

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted) (see Figure 5-15)

PARAMETER TEST CONDITIONS Vce MIN TYP MAX | UNIT
Internal: SMCLK, ACLK
feusci eUSCI input clock frequency External: UCLK fsystem | MHz
Duty cycle = 50% * 10%
fscL SCL clock frequency 2V,3V 0 400| kHz
i fSCL =100 kHz 51
tHp.sTA Hold time (repeated) START 2V,3V us
' fSCL > 100 kHz 1.5
. fSCL =100 kHz 5.1
tsu sTA Setup time for a repeated START 2V,3V us
' fSCL > 100 kHz 1.4
tHp, pAT Data hold time 2V,3V 0.4 us
. fSCL =100 kHz 5.0
tsu DAT Data setup time 2V,3V us
' fSCL > 100 kHz 1.3
i fSCL =100 kHz 5.2
tsu sto Setup time for STOP 2V,3V us
' fSCL > 100 kHz 1.7
UCGLITx=0 75 220 ns
Pulse duration of spikes suppressed by input | UCGLITx =1 35 120 ns
tsp . 2V,3V
filter UCGLITx = 2 30 60| ns
UCGLITx =3 20 35 ns
UCCLTOx =1 30 ms
triMEOUT Clock low timeout UCCLTOx =2 2V,3V 33 ms
UCCLTOx =3 37 ms
I‘_’I_ tHD.ST/-\ tSU,STA HD STA BUF
[ | I
soa \ | / Y )C | \ | A
T | T A
I
k— tLOW _’k‘tmGH" | : : tSP —PI |<— |
I
1 \ | / \ ﬂm
| ||
H_ tsu DAT tsu.sTo_H_r’
tHn,DA‘rH
Figure 5-15. I°C Mode Timing
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5.8.6 RTC Tamper Detect Pin

Table 5-33. Schmitt-Trigger Inputs, RTC Tamper Detect Pin

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

PARAMETER TEST CONDITIONS AUXVCC3 MIN  TYP  MAX| UNIT
o o 1.8V 0.80 1.40
Vir+ Positive-going input threshold voltage 3v 150 210 \%
Vi Negative-going input threshold voltage 18V 045 100 Y
3V 0.75 1.65
Vhys  Input voltage hysteresis (Vir. — Vir_) 18V 03 085 Y
3V 0.4 1.0
For pullup: V| = Vss
Rpui Pullup or pulldown resistor For pulldown: V| = 20 35 50| kQ
AUXVCC3
C Input capacitance Vin = Vgg or AUXVCC3 5 pF
Table 5-34. Inputs, RTC Tamper Detect Pin®
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
PARAMETER TEST CONDITIONS AUXVCC3 MIN  MAX| UNIT
Lint) External interrupt timing® Ejogetpilr;t;i;;lfﬁéo P2.x, External trigger pulse duration 22V,3V 20 ns

(1) Some devices may contain additional ports with interrupts. See the block diagram and terminal function descriptions.
(2) An external signal sets the interrupt flag every time the minimum interrupt pulse duration t) is met. It may be set by trigger signals
shorter than tpny.

Table 5-35. Leakage Current, RTC Tamper Detect Pin
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER

TEST CONDITIONS

AUXVCC3

MIN

MAX

UNIT

likg(Px.y)

High-impedance leakage current See D @

18V,3V

-50

+50

nA

(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.

Table 5-36. Outputs, RTC Tamper Detect Pin
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS AUXVCC3 MIN MAX | UNIT
l(oHmax) = —100 pA®) Lav 1.50 1.80
[ =200 pA® ' 1.20 1.80

VoH High-level output voltage (OHmax) H 1 \%
l(oHmax) = —100 pA® v 2.70 3.00
l(oHmax) = —200 pA®) 2.40 3.00
l(oLmax) = 100 pA® Lav 0.00 0.25
[ =200 uA®@ ' 0.00 0.60

VoL Low-level output voltage (OLmax) bA > \%
l(oLmax) = 100 A® v 0.00 0.25
l(oLmax) = 200 uA® 0.00 0.60

(1) The maximum total current, lioHmax), for all outputs combined should not exceed +20 mA to hold the maximum voltage drop specified.
See Section 5.3 for more details.
(2) The maximum total current, lioHmax), for all outputs combined should not exceed +20 mA to hold the maximum voltage drop specified.
See Section 5.3 for more details.
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58.7 LCD_C
Table 5-37. LCD_C Recommended Operating Conditions
PARAMETER CONDITIONS MIN NOM MAX | UNIT
v Supply voltage range, charge LCDCPEN =1, 0000 < VLCDx < 1111 29 3.6 v
CCLCD_C.CPen36  pymp enabled, Vi cp < 3.6 V (charge pump enabled, V| cp < 3.6 V) : :
v Supply voltage range, charge LCDCPEN =1, 0000 < VLCDx < 1100 20 36 v
CCLCD_CCPen33  nymp enabled, Vi cp 3.3V (charge pump enabled, V, cp < 3.3 V) : :
o Supply voltage range, internal _ _
VecLep_cint.bias  pjasing, charge pump disabled | "CPCPEN =0, VLCDEXT =0 2.4 36| V
» Supply voltage range, external _ _
VeeLeop Cext bias  piasing, charge pump disabled | “COCPEN =0, VLCDEXT =0 2.4 36| V
Supply voltage range, external
LCD voltage, internal or _ _
VCCLOD_CVLCDEXT  gyternal biasing, charge pump LCDCPEN = 0, VLCDEXT = 1 2.0 36| V
disabled
External LCD voltage at
LCDCAP/R33, internal or _ _
V| ChCAP/R33 external biasing, charge pump | “CPCPEN = 0, VLCDEXT = 1 2.4 36| V
disabled
Capacitor on LCDCAP when LCDCPEN =1, VLCDx > 0000
Cieocap charge pump enabled (charge pump enabled) 47 47 100wk
fLep = 2 x mux x feprave
fErame LCD frame frequency range with mux = 1 (static), 2, 3, 4 0 100 Hz
facLK,in ACLK input frequency range 30 32 40| kHz
Cpanel Panel capacitance 100-Hz frame frequency 10000 pF
VR33 Analog input voltage at R33 LCDCPEN =0, VLCDEXT =1 2.4 Vcet+0.2 \%
_ _ VRos + 2/3
. LCDREXT =1, LCDEXTBIAS =1,
VR23,1/3bias Analog input voltage at R23 LCD2B = 0 VR13 x (VRr3z- VR33 \%
VRo3)
v _ Analog input voltage at R13 | LCDREXT = 1, LCDEXTBIAS = 1, v VR33(\J; 13 v v
R13,1/3bias with 1/3 biasing LCD2B =0 ROS R33 R23
VRo3)
v _ Analog input voltage at R13 | LCDREXT = 1, LCDEXTBIAS = 1, v VR33(\J; 172 v v
R13,1/2bias with 1/2 biasing LCD2B =1 ROS R33 R33
VRo3)
VRo3 Analog input voltage at R0O3 RO3EXT =1 Vss \%
Voltage difference between _ _
Vi cb-VRos Vico and RO3 LCDCPEN = 0, RO3EXT = 1 2.4 Veet0.2| Vv
External LCD reference voltage _
VL CDREF/R13 applled at LCDREF/R13 VLCDREFx = 01 0.8 1.2 1.5 \Y
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Table 5-38. LCD_C Electrical Characteristics

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

PARAMETER TEST CONDITIONS Vee MIN TYP MAX UNIT
Vico LCD voltage VLCDx = 0000, VLCDEXT =0 24Vt036V Vee Y%
LCDCPEN =1, VLCDx = 0001 2Vto36V 2.60 \Y
LCDCPEN = 1, VLCDx = 0010 2Vto36V 2.66 \%
LCDCPEN =1, VLCDx = 0011 2Vto36V 2.72 \%
LCDCPEN = 1, VLCDx = 0100 2Vto36V 2.78 \Y
LCDCPEN =1, VLCDx = 0101 2Vto36V 2.84 \%
LCDCPEN =1, VLCDx = 0110 2Vto36V 2.90 \Y
LCDCPEN =1, VLCDx = 0111 2Vto36V 2.96 \Y
LCDCPEN = 1, VLCDx = 1000 2Vto36V 3.02 \%
LCDCPEN = 1, VLCDx = 1001 2Vto36V 3.08 \%
LCDCPEN = 1, VLCDx = 1010 2Vto36V 3.14 \Y
LCDCPEN =1, VLCDx = 1011 2Vto36V 3.20 \%
LCDCPEN =1, VLCDx = 1100 2Vto36V 3.26 \Y
LCDCPEN =1, VLCDx = 1101 22Vto36V 3.32 \Y
LCDCPEN =1, VLCDx = 1110 22Vto 3.6V 3.38 \%
LCDCPEN =1, VLCDx = 1111 22Vto 3.6V 3.50 3.72 \%
lcc peak,cP Peak sup_pl_y_ currents due to charge | LCDCPEN =1, VLCDx = 1111 22V 200 HA
pump activities
tLcp.cp.on Time to charge C cp when Cicp = 4.7 uF, LCDCPEN = 0—1, 22V 100 500 ms
discharged VLCDx = 1111
lcp,Load Maximum charge pump load LCDCPEN =1, VLCDx = 1111 22V 50 HA
current
Ricp,seq LCD driver output impedance, LCDCPEN = 1, VLCDx = 1000, I, oap 22V 10 kQ
segment lines =+10 pA
Ricp,com LCD driver output impedance, LCDCPEN = 1, VLCDx = 1000, I oap 22V 10 kQ
common lines =+10 pA
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5.8.8 SD24 B
Table 5-39. SD24 B Power Supply and Recommended Operating Conditions
MIN TYP MAX | UNIT
AVcce Analog supply voltage AVce = DV, AVgg = DVgg =0V 2.4 3.6 \%
Ta Ambient temperature -40 85 °C
fsp Modulator clock frequency 0.03 23| MHz
\ Absolute input voltage AVgs - 1 AVcc \%
Vic Common-mode input voltage AVsgs - 1 AVcc \%
VibEs Differential full-scale input voltage B|p.o|ar mode, Vip = Vias - Via Vrer/GAIN +Vrer/GAIN mV
' Unipolar mode, Vip = V| a+ - Vi A 0 +VRer/GAIN
SD24GAINXx = 1 +900 +930
SD24GAINX = 2 +450 +460
SD24GAINX = 4 +225 +230
Vio Differential ing)ut voltage for specified | ooy = 1 SD24GAINX = 8 $112  +120 my
performance SD24GAINX = 16 +56 +60
SD24GAINx = 32 +28 +30
SD24GAINX = 64 +14 +14
SD24GAINx = 128 +7 +7.25
Crer VREF load capacitance ® SD24REFS = 1 100 nF

(1) The full-scale range (FSR) is defined by Vgs: = +VRree/GAIN and Vgs. = -VRer/GAIN: FSR = Vg, - Vis. = 2*VRee/GAIN. If VRgr is
sourced externally, the analog input range should not exceed 80% of Vs, or Vgg.; that is, V|p = 0.8 Vs t0 0.8 Vs If Vrer is sourced
internally, the given V|p ranges apply. MIN values are calculated based on a Vrgr 0of 1.125 V. TYP values are calculated based on a
VREF of 1.16 V.

(2) There is no capacitance required on VREF. However, a capacitance of 100 nF is recommended to reduce any reference voltage noise.

Table 5-40. SD24_B Analog Input @

PARAMETER TEST CONDITIONS Ve MIN TYP MAX| UNIT
SD24GAINx = 1 5.0
SD24GAINx = 2 5.0
. SD24GAINx = 4 5.0
C Input capacitance pF
SD24GAINx = 8 5.0
SD24GAINx = 16 5.0
SD24GAINx = 32, 64, 128 5.0
SD24GAINx = 1 3V 200
Input impedance _ _
Z (pin A+ or A- to AVss) fspoa = 1 MHz SD24GAINx = 8 3V 200 kQ
SD24GAINx = 32 3V 200
SD24GAINx = 1 3V 300 400
Differential input impedance _ _
Zp (pin A+ to pin A-) fspoa = 1 MHz SD24GAINx = 8 3V 400 kQ
SD24GAINx = 32 3V 300 400
(1) All parameters pertain to each SD24_B converter.
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