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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

Copyright © 2014, Texas Instruments Incorporated

Submit Documentation Feedback

Terminal Configuration and Functions

Product Folder Links: MSP430F67791A MSP430F67781A MSP430F67771A MSP430F67761A MSP430F67751A
MSP430F67691A MSP430F67681A MSP430F67671A MSP430F67661A MSP430F67651A MSP430F67491A
MSP430F67481A MSP430F67471A MSP430F67461A MSP430F67451A

7


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

MSP430F67791A, MSP430F67781A, MSP430F67771A, MSP430F67761A, MSP430F67751A :

MSP430F67691A, MSP430F67681A, MSP430F67671A, MSP430F67661A, MSP430F67651A I} TEXAS
INSTRUMENTS
MSP430F67491A, MSP430F67481A, MSP430F67471A, MSP430F67461A, MSP430F67451A
SLAS983 —MAY 2014 www.ti.com
(a2}
o
(@]
o X
8 3
< X Sk
3 o _&£3
S525880 . nmtswornono YRR
z»—l—Etgﬁwwwwwwwwwmwmwwwwwf},‘
ESRESLcd3RddIdvd-~SronInA="aq
N =5 5 5 5 W oo NNNNNNNN WO O © O © © © >
¥X¥oooopEQOOQOQAQOOOQAOQAOOoOQAOQAOOQOAQAQAooOoAoAOQAao a0
ooo0ooonooooonnooonoonoooonnn
510099 98 97 96 95 94 93 92 91 90 89 88 87 86 85 84 83 82 81 80 79 78 77 76
SDOPO [ 1 751 VDSYS2
SDONO [ 2 74 P5.7/SD6DIO/S17
SD1PO [ 3 73| P5.6/SD5DIO/S18
SDINO [ 4 72| P5.5/SD4DIO/S19
SD2rP0 [ 5 713 P5.4/SD3DI0/S20
SD2N0 [ 6 70[3 P5.3/SD2DI0/S21
sp3po [ 7 69| P5.2/SD1DI0/S22
SD3NO [ 8 68]1 P5.1/SDODIO/S23
VASYS2 [ 9 67| P5.0/SDCLK/S24
AVSS2 [ 10 66[1 P4.7/PM_TA3.0/S25
VREF ] 11 65[1 P4.6/PM_UCB1CLK/S26
SD4P0 [} 12 641 P4.5/PM_UCB1SIMO/PM_UCB1SDA/S27
SD4NO0 [} 13 PZ PACKAGE 63[1 P4.4/PM_UCB1SOMI/PM_UCB1SCL/S28
SD5P0 [} 14 62[1 P4.3/PM_UCA3CLK/S29
SD5NO0 [} 15 611 P4.4/PM_UCA3TXD/PM_UCA3SIMO/S30
SD6P0 [} 16 601 P4.1/PM_UCA3RXD/PM_UCA3SOMI/S31
SD6NO [ 17 591 P4.0/PM_UCA2CLK/S32
AVss1 ] 18 5871 P3.7/PM_UCA2TXD/PM_UCA2SIMO/S33
avee 019 5771 P3.6/PM_UCA2RXD/PM_UCA2SOMI/S34
VASYS1 O 20 5671 P3.5/PM_UCA1TXD/PM_UCA1SIMO/S35
AUXvCe2 O 21 5571 P3.4/PM_UCA1RXD/PM_UCA1SOMI/S36
AUXVCC1 [} 22 541 P3.3/PM_UCA1CLK/S37
VDSYS1 [ 23 53[1 P3.2/PM_UCAOCLK/S38
DvCC [} 24 521 P3.1/PM_UCAOTXD/PM_UCA0SIMO/S39
DVSS1 [ 25 511 P3.0/PM_UCAORXD/PM_UCAO0SOMI
26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50
o000 o0o0o0o0o0000o0o0o0o0000g
rZ58aR223I2dcesesseiIcesgqgeen
gX00<L<Ls3=-Y¥F 00000000 LExXxXO
&) Xz88Bad3FyupooooogogoageL <X
> SERP8L8Q ¥ e R XXI3JYE B3
I rxx¥y=-35909 -k o</ FEAQ03S
dood=>2 oo ) I o o@a
SsS2aE5C 29 122288
I35 ocg s <Sozo
frof @ E e < aa i o = =
= 0 a o S g9 oo
o S < = 'i: o o Q5 <
e P e 023
< = = 2 = o
= [ (N7}
=Z = = = o
- g - oo
b a f s S
(@)
©
S g
=
o
5
o
o

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
12 Terminal Configuration and Functions Copyright © 2014, Texas Instruments Incorporated

Submit Documentation Feedback

Product Folder Links: MSP430F67791A MSP430F67781A MSP430F67771A MSP430F67761A MSP430F67751A
MSP430F67691A MSP430F67681A MSP430F67671A MSP430F67661A MSP430F67651A MSP430F67491A
MSP430F67481A MSP430F67471A MSP430F67461A MSP430F67451A


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 4-3. 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
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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

Copyright © 2014, Texas Instruments Incorporated
Submit Documentation Feedback

Product Folder Links: MSP430F67791A MSP430F67781A MSP430F67771A MSP430F67761A MSP430F67751A
MSP430F67691A MSP430F67681A MSP430F67671A MSP430F67661A MSP430F67651A MSP430F67491A
MSP430F67481A MSP430F67471A MSP430F67461A MSP430F67451A


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
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 5-4. Typical Low-Level Output Current vs Low-Level
Output Voltage

-5

Vo — High-Level Output Voltage — V

Vee =3V Reduced drive strength

Figure 5-5. Typical High-Level Output Current vs High-Level
Output Voltage

<
1S
|
<
g
3 -10 /]
=]
e
]
(@)
)
2 /|
$ -15 / 4
< - o
S T,=85°C
II
© -20
Tp=25°C
-25
0 0.5 1 1.5 2 25 3

-1
E
;-2
€
[
3 3 /
E /
i)
=
()
3 7
>
8 5 /
5 ¢
I T, =85°C /
Ig -6 J/
e —
PR
7
T, =25°C
-8 |

0 02 04 06 08 1 12 14 16 1.8
Vo — High-Level Output Voltage — V
Vec =18V Reduced drive strength

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
Copyright © 2014, Texas Instruments Incorporated Specifications 51

MSP430F67481A MSP430F67471A MSP430F67461A MSP430F67451A

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


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

MSP430F67791A, MSP430F67781A, MSP430F67771A, MSP430F67761A, MSP430F67751A .
MSP430F67691A, MSP430F67681A, MSP430F67671A, MSP430F67661A, MSP430F67651A I3 TEXAS

MSP430F67491A, MSP430F67481A, MSP430F67471A, MSP430F67461A, MSP430F67451A INSTRUMENTS
SLAS983 —MAY 2014 www.ti.com
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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Figure 5-16. Input Leakage Current vs Input Voltage (Modulator OFF)

Table 5-41. SD24_B Supply Currents

PARAMETER TEST CONDITIONS Vce MIN TYP  MAX| UNIT
SD24GAIN: 1 3V 490 600
SD24GAIN: 2 3V 490 600
SD24GAIN: 4 3V 490 600
Analog plus digital supply current | _ .\ SD24GAIN: 8 3V 559 700
Isp 256 per converter (reference not SDPOSR = 256 | SD24GAIN: 16 | 3V 559  700| MA
include
) SD24GAIN: 32 3V 627 800
SD24GAIN: 64 3V 627 800
SD24GAIN:
128 3V 627 800
Analog plus digital supply current f - 2 MHz SD24GAIN: 1 3V 600 700
lsp 512 per converter (reference not SSBZZLZE)SR —51p | SD24GAIN: 8 3V 677 800| pA
included) SD24GAIN: 32 | 3V 740 900
Current of internal SD24 No converter is active
Isp24REFONlY reference and buffers (includes (SD24REFS =1, 3V 147 190 HA
shared reference) SD24BCCTLx.SD24SC = 0)
Current of internal SD24 Converter 0 is active
Isp24REF,Convo reference and buffers (includes (SD24REFS =1, 3V 75 110 HA
shared reference) SD24BCCTL0.SD24SC = 1)
Any converter other than
Current of internal SD24 converter 0 is active
|SD24REF notConvo reference and buffers (includes (SD24REFS =1, 3V 137 175 pA
shared reference) SD24BCCTL0.SD24SC =0,
SD24BCCTLx.SD24SC = 1)
Copyright © 2014, Texas Instruments Incorporated Specifications 53

Submit Documentation Feedback

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

MSP430F67481A MSP430F67471A MSP430F67461A MSP430F67451A


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

MSP430F67791A, MSP430F67781A, MSP430F67771A, MSP430F67761A, MSP430F67751A .
MSP430F67691A, MSP430F67681A, MSP430F67671A, MSP430F67661A, MSP430F67651A I3 TEXAS

MSP430F67491A, MSP430F67481A, MSP430F67471A, MSP430F67461A, MSP430F67451A INSTRUMENTS
SLAS983 —MAY 2014 www.ti.com
Table 5-42. SD24 B Performance
fsp2a = 1 MHz, SD240SRx = 256, SD24REFON = 1
PARAMETER TEST CONDITIONS MIN TYP  MAX UNIT
SD24GAIN: 1 3v -0.01 +0.01
INL L”;;%rﬁ‘t' nonlinearity, end- - ['gp5 4G AIN: 8 3v -0.01 +0.01| % of FSR
SD24GAIN: 32 3v -0.01 +0.01
SD24GAIN: 1 3v 1
SD24GAIN: 2 3v 2
SD24GAIN: 4 3V 4
o Nominl gain SD24GAIN: 8 3v 8
SD24GAIN: 16 3v 16
SD24GAIN: 32 3v 32
SD24GAIN: 64 3v 64
SD24GAIN: 128 3v 128
SD24GAIN: 1, with external reference (1.2 V) 3V -1 +1
Eg Gain error® SD24GAIN: 8, with external reference (1.2 V) 3v -2 +2 %
SD24GAIN: 32, with external reference (1.2 V) 3V -2 +2
Gain error temperature
AEG/AT coefficient®, internal SD24GAIN: 1, 8, or 32 (with internal reference) 3V 80 ppm/°C
reference
Gain error temperature SD24GAIN: 1 (with external reference) 3V 15
AEG/AT coefficient®, external SD24GAIN: 8 (with external reference) 3V 15 ppm/°C
reference SD24GAIN: 32 (with external reference) 3V 15
SD24GAIN: 1 3v 0.1
AEG/AVce  Gain error vs Ve @ SD24GAIN: 8 3V 0.1 %IV
SD24GAIN: 32 3v 0.4
SD24GAIN: 1 (with Vdiff = 0V) 3V 2.3
EoslV] Offset error® SD24GAIN: 8 3V 1 mv
SD24GAIN: 32 3v 0.5
SD24GAIN: 1 (with Vdiff = 0V) 3v 0.2 +0.2 % FS
Eos[FS] Offset error® SD24GAIN: 8 3V 0.7 +0.7 % FS
SD24GAIN: 32 3v -1.4 +1.4 % FS
SD24GAIN: 1 3V 2
AEog/AT g’ggﬁtcgr:‘t’(g)‘empera‘“’e SD24GAIN: 8 3v 0.25 HV/°C
SD24GAIN: 32 3v 0.1
SD24GAIN: 1 3v 500
AEqg/AVee  Offset error vs Ve © SD24GAIN: 8 3V 125 uvNv
SD24GAIN: 32 3v 50

(1) The gain error Eg specifies the deviation of the actual gain G, from the nominal gain Gpom: Eg = (Gact - Gnom)/Gnom- It covers process,
temperature and supply voltage variations.

(2) The gain error temperature coefficient AEg/ AT specifies the variation of the gain error Eg over temperature (Eg(T) = (Gac(T) -
Gnom)/Gnom) Using the box method (that is, minimum and maximum values):
AEg/ AT = (MAX(Eg(T)) - MIN(Eg(T) ) / (MAX(T) - MIN(T)) = (MAX(Gact(T)) - MIN(Gact(T)) / Grom / (MAX(T) - MIN(T))
with T ranging from -40°C to +85°C.

(3) The gain error vs V¢ coefficient AEg/ AV specifies the variation of the gain error Eg over supply voltage (Eg(Vce) = (Gact(Vec) -
Ghnom)/Gnom) Using the box method (that is, minimum and maximum values):
I\A/IIIEI\Cl;é VAVC):)C = (MAX(Eg(Vce)) - MIN(Eg(Vec) ) / (MAX(Vcc) - MIN(Vee)) = (MAX(Gact(Vec)) - MIN(Gact(Vec)) / Grom / (MAX(Vec) -

cc

with V¢ ranging from 2.4V to 3.6V.

(4) The offset error Egg is measured with shorted inputs in 2s complement mode with +100% FS = Vree/G and -100% FS = -Vgee/G.
Conversion between Egg [FS] and Egg [V] is as follows: Eqg [FS] = Egs [VIXG/VRer;: Eos [V] = Egs [FS]XVRrer/G.

(5) The offset error temperature coefficient AEqs/ AT specifies the variation of the offset error Eqg over temperature using the box method
(that is, minimum and maximum values):
AEog/ AT = (MAX(Eos(T)) - MIN(Eos(T) ) / (MAX(T) - MIN(T))
with T ranging from -40°C to +85°C.

(6) The offset error vs V¢ AEgs/ AV specifies the variation of the offset error Eqg over supply voltage using the box method (that is,
minimum and maximum values):
AEgs/ AVce = (MAX(Eos(Vec)) - MIN(Eos(Vee) ) I (MAX(Vee) - MIN(Vee))
with V¢ ranging from 2.4V to 3.6V.

54 Specifications Copyright © 2014, Texas Instruments Incorporated

Submit Documentation Feedback
Product Folder Links: MSP430F67791A MSP430F67781A MSP430F67771A MSP430F67761A MSP430F67751A
MSP430F67691A MSP430F67681A MSP430F67671A MSP430F67661A MSP430F67651A MSP430F67491A
MSP430F67481A MSP430F67471A MSP430F67461A MSP430F67451A


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

MSP430F67791A, MSP430F67781A, MSP430F67771A, MSP430F67761A, MSP430F67751A

I F{E’é?gUMENTS MSP430F67691A, MSP430F67681A, MSP430F67671A, MSP430F67661A, MSP430F67651A
MSP430F67491A, MSP430F67481A, MSP430F67471A, MSP430F67461A, MSP430F67451A
www.ti.com SLAS983 —MAY 2014

SD24 B Performance (continued)
fspoa = 1 MHz, SD240SRx = 256, SD24REFON = 1

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

SD24GAIN: 1 3V -120

CMRRDC SO mede rejection at - gpa4AIN: 8 3v -110 dB
SD24GAIN: 32 3V -100
SD24GAIN: 1, fopm = 50 Hz, Vey = 930 mV 3V -120

CMRR,50Hz ggm}%ﬂ mode rejection at - ['gro 4G AIN: 8, foy = 50 Hz, Vey = 120 mV 3v -110 dB
SD24GAIN: 32, fom = 50 Hz, Ve = 30 mv 3V -100
SD24GAIN: 1, Ve = 3 V + 50 mV x sin(21 x fycc 61
1), fyce = 50 Hz

AC AC power supply rejection SD24GAIN: 8, Ve =3V + 50 mV x sin(21 x fyce X 75 dB

PSRR,ext ratio, external reference® 1), fyce = 50 Hz
SD24GAIN: 32, Ve = 3V + 50 mV x sin(21 x fyce x 79
1), fycc = 50 Hz
SD24GAIN: 1, Ve =3V + 50 mV x sin(21 % fycc * 61
1), fycc = 50 Hz

AC AC power supply rejection SD24GAIN: 8, Ve =3V + 50 mV x sin(21 x fycc x 75 dB

PSRR,int ratio, internal reference® 1), fyce = 50 Hz
SD24GAIN: 32, Vcec =3V + 50 mV x sin(2m x fyce x 79
1), fyce = 50 Hz
Crosstalk source: SD24GAIN: 1, Sine-wave with
maximum possible Vpp, fiy = 50 Hz, 100 Hz, 3V -120
Converter under test: SD24GAIN: 1
Crosstalk source: SD24GAIN: 1, Sine-wave with

XT gg\s/ztr?g?stzleot)ween maximum possible Vpp, fiy = 50 Hz, 100 Hz, 3V -115 dB
Converter under test: SD24GAIN: 8
Crosstalk source: SD24GAIN: 1, Sine-wave with
maximum possible Vpp, fiy = 50 Hz, 100 Hz, 3V -110
Converter under test: SD24GAIN: 32

(7) The DC CMRR specifies the change in the measured differential input voltage value when the common mode voltage varies:

®)

©)

(10)

DC CMRR = -20log(Ayax/FSR) with Ayax being the difference between the minium value and the maximum value measured when
sweeping the common mode voltage.

The DC CMRR is measured with both inputs connected to the common mode voltage (that is, no differential input signal is applied), and
the common mode voltage is swept from -1V to V.

The AC CMRR is the difference between a hypothetical signal with the amplitude and frequency of the applied common mode ripple
applied to the inputs of the ADC and the actual common mode signal spur visible in the FFT spectrum:

AC CMRR = Error Spur [dBFS] - 20log(Vcm/1.2V/IG) [dBFS] with a common mode signal of Vo % sin(211 x fo x t) applied to the analog
inputs.

The AC CMRR is measured with the both inputs connected to the common mode signal; that is, no differential input signal is applied.
With the specified typical values the error spur is within the noise floor (as specified by the SINAD values).

The AC PSRR is the difference between a hypothetical signal with the amplitude and frequency of the applied supply voltage ripple
applied to the inputs of the ADC and the actual supply ripple spur visible in the FFT spectrum:

AC PSRR = Error Spur [dBFS] - 20log(50mV/1.2V/G) [dBFS] with a signal of 50mV x sin(21 x fycc x t) added to Vc.

The AC PSRR is measured with the inputs grounded; that is, no analog input signal is applied.

With the specified typical values the error spur is within the noise floor (as specified by the SINAD values).

SD24GAIN: 1 — Hypothetical signal: 20log(50mV/1.2V/1) = -27.6 dBFS

SD24GAIN: 8 — Hypothetical signal: 20log(50mV/1.2V/8) = -9.5 dBFS

SD24GAIN: 32 — Hypothetical signal: 20log(50mV/1.2V/32) = 2.5 dBFS

The crosstalk XT is specified as the tone level of the signal applied to the crosstalk source seen in the spectrum of the converter under
test. It is measured with the inputs of the converter under test being grounded.
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Table 5-43. SD24 B AC Performance
fsp2a = 1 MHz, SD240SRx = 256, SD24REFON = 1

PARAMETER TEST CONDITIONS Ve MIN TYP MAX| UNIT

SD24GAIN: 1 3V 82 86
SD24GAIN: 2 3V 85
SD24GAIN: 4 3V 84

SO s [somoanas S0 T
SD24GAIN: 32 3V 71 73
SD24GAIN: 64 3V 67
SD24GAIN: 128 3V 61
SD24GAIN: 1 3V 95

THD Total harmonic distortion | SD24GAIN: 8 fiy = 50Hz D 3V 90 dB
SD24GAIN: 32 3V 86

Q) ;I'he fc);llowing voltages were applied to the SD24_B inputs: V| a+(t) = 0 V + Vpp/2 x sin(21 x fiy x t) and V| a.(t) = 0 V - Vpp/2 x sin(2TT x

N Xt

resulting in a differential voltage of Vip = V| a+(t) - V| a-(t) = Vpp x sin(2T1 x fiy x t) with Vpp being selected as the maximum value allowed
for a given range (according to SD24_B recommended operating conditions).

Table 5-44. SD24 B AC Performance
fsp2a = 2 MHz, SD240SRx = 512, SD24REFON = 1

PARAMETER TEST CONDITIONS Vee MIN  TYP  MAX| UNIT
SD24GAIN: 1 3V 87
SD24GAIN: 2 3V 85
SD24GAIN: 4 3V 84
SO e [somoanas S0 v 6"
SD24GAIN: 32 3V 76
SD24GAIN: 64 3V 71
SD24GAIN: 128 3V 65
1) ;I'he f(;llowing voltages were applied to the SD24_B inputs: V| o+(t) = 0 V + Vpp/2 x sin(211 x fIN x t) and V| a.(t) = 0 V - Vpp/2 x sin(21r x
N X T

resulting in a differential voltage of Vip = V| a+(t) - V| a-(t) = Vpp x sin(21T x fiy x t) with Vpp being selected as the maximum value allowed
for a given range (according to SD24_B recommended operating conditions).

Table 5-45. SD24_B AC Performance
fsp2a = 32 kHz, SD240SRx = 512, SD24REFON = 1

PARAMETER TEST CONDITIONS Vee MIN  TYP MAX| UNIT
SD24GAIN: 1 3V 89
SD24GAIN: 2 3V 85
SD24GAIN: 4 3V 84
SO e [somcanas S0 v o
SD24GAIN: 32 3V 76
SD24GAIN: 64 3V 67
SD24GAIN: 128 3V 61
1) ]:I'he f(;llowing voltages were applied to the SD24_B inputs: V| o+(t) = 0 V + Vpp/2 x sin(21r x fIN x t) and V| a.(t) = 0 V - Vpp/2 x sin(21r x
N X T

resulting in a differential voltage of Vip = V| a+(t) - V| a-(t) = Vpp x sin(21 x fiy x t) with Vpp being selected as the maximum value allowed
for a given range (according to SD24_B recommended operating conditions).
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Table 5-46. SD24 B External Reference Input
ensure correct input voltage range according to Ve

PARAMETER TEST CONDITIONS Vce MIN TYP MAX | UNIT
Vrerq)  Input voltage SD24REFS =0 3V 1.0 1.20 15 \%
IRerF() Input current SD24REFS =0 3V 50| nA
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5.8.9 ADCI10_A

Table 5-47. 10-Bit ADC Power Supply and Input Range Conditions
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Vee MIN  TYP MAX| UNIT
AVCC and DVCC are connected together,
AVcce Analog supply voltage AVSS and DVSS are connected together, 1.8 3.6 \%
Viavss) = Vipvss) = 0 V
Viax) Analog input voltage range® | All ADC10_A pins 0 AVee| V
Operating supply current into | fapciocLk = 5 MHz, ADC100N = 1, REFON = 0, 22V 68 100
AVCC terminal, REF module | SHTO =0, SHT1 =0, ADC10DIV =0, HA
and reference buffer off ADC10SREF = 00 3V 78 110
Operating supply current into | fapciocLk = 5 MHz, ADC100N = 1, REFON = 1,
AVCC terminal, REF module | SHTO =0, SHT1 =0, ADC10DIV =0, 3V 124 180| pA
| on, reference buffer on ADC10SREF =01
APCIOA | Operating supply current into | fapciocik = 5 MHz, ADC100N = 1, REFON = 0,
AVCC terminal, REF module | SHTO =0, SHT1 =0, ADC10DIV =0, 3V 105 160| pA
off, reference buffer on ADC10SREF =10, VEREF =25V
Operating supply current into | fapciocLk = 5 MHz, ADC100N = 1, REFON = 0,
AVCC terminal, REF module | SHTO =0, SHT1 =0, ADC10DIV =0, 3V 72 110| pA
off, reference buffer off ADC10SREF =11, VEREF =25V
Only one terminal Ax can be selected at one time
C Input capacitance from the pad to the ADC10_A capacitor array 22V 35 pF
including wiring and pad.
AVce > 2.0V, 0V SV <AV 36
R Input MUX ON resistance ce Ax ce kQ
1.8V < AV < 2.0V, 0V £V, € AVe 96

(1) The analog input voltage range must be within the selected reference voltage range Vg, to Vg_ for valid conversion results. The external
reference voltage requires decoupling capacitors. Two decoupling capacitors, 10 pF and 100 nF, should be connected to VREF to
decouple the dynamic current required for an external reference source if it is used for the ADC10_A. Also see the MSP430x5xx and
MSP430x6xx Family User's Guide (SLAU208).

Table 5-48. 10-Bit ADC Timing Parameters
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Vece MIN TYP  MAX| UNIT
For specified performance of ADC10_A linearity
fADC10CLK parameters 22V,3V | 045 5 55| MHz
Internal ADC10_A
fADClOOSC OSCi”atOr(l) - ADCI10DIV = 0, fADClOCLK = fADClOOSC 2.2 V, 3V 4.4 4.9 5.6 MHz
REFON = 0, Internal oscillator,
12 ADC10CLK cycles, 10-bit mode, 22V,3V 2.4 3.0
tconvert  Conversion time fapcioosc =4 MHz to 5 MHz us
External fapciocik from ACLK, MCLK or SMCLK, See
ADC10SSEL # 0 @
Turn on settling time of
taDC100N the ADC 9 See @®) 100 ns
o Rs = 1000 Q, R, = 96 kQ, C, = 3.5 pF® 1.8V 3 s
tsample Sampling time 7
Rs = 1000 Q, R, = 36 kQ, C, = 3.5 pF® 3V 1 s

(1) The ADC100SC is sourced directly from MODOSC inside the UCS.

(2) 12 x ADC10DIV x 1/fapciocLk

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

(4) Approximately eight Tau (1) are needed to get an error of less than +0.5 LSB
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over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

Table 5-49. 10-Bit ADC Linearity Parameters

PARAMETER TEST CONDITIONS Vee MIN  TYP MAX| UNIT
1.4V < (V — VRer/V, )min<1.6V -1.0 +1.0
E II_ntegr_::ll (Verer+ — VREF-/VerEF-) - 22V, 3V LSB
Inearity error 1.6 V < (Verer+ — VRer/Verer-)MIn < Vavce -1.0 +1.0
Differential (Verer+ — VREF/Verer)MIN < (Verer+ — VREF/VeREF-) }
Ep linearity error Cyrer+ = 20 pF 22V,3V 1.0 +1.0| LSB
(Verer+ — VREF/Verer-)MIN = (Verer+ — VREF/VerEF-): ;
Eo Offset error Internal impedance of source Rg < 100 Q, Cyrgg+ = 20 pF 22V,3V 1.0 +10| LSB
Eg Gain error (VeREF+_— VRer/Verer-)MIN < (Verer+ — VREF/Verer-), 22V.3V 1.0 +10| LSB
Cyvrer+ = 20 pF
Er Total unadjusted (VeREF+_— VRer/Verer-)MIN £ (Verer+ — VREF/VeREF-), 22V.3V 20 +20!| LsB
error Cyrer+ = 20 pF
Table 5-50. 10-Bit ADC External Reference
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)®
PARAMETER TEST CONDITIONS Vce MIN TYP  MAX| UNIT
Positive external reference
VeRrer+ voltage input Verer+ > Vrer/Verer— @ 14 AVcc| V
Negative external ®
VeRer- reference voltage input Verer+ > VRer/Verer- 0 121 Vv
(Verer+ — Differential external o)
Verer.) reference voltage input Verer+ > VRer/Verer- 14 AVec| V
1.4V = Verer+ £ Vavee s Verer- =0V,
fapciocLk = 5 MHz, ADC10SHTX = 0x0001, 22V,3V -26 +26| pA
| L Conversion rate 200 ksps
IVeREF* Static input current
VeREF- 1.4V = Verer+ £ Vavee s Verer- =0V,
fapciocLk = 5 MHZ, ADC10SHTX = 0x1000, 22V,3V -1 +1| pA
Conversion rate 20 ksps
Capacitance at VREF+ ®)
Cvrer+ terminal 10 WF

(1) The external reference is used during ADC conversion to charge and discharge the capacitance array. The input capacitance, C,, is also
the dynamic load for an external reference during conversion. The dynamic impedance of the reference supply should follow the
recommendations on analog-source impedance to allow the charge to settle for 10-bit accuracy.

(2) The accuracy limits the minimum positive external reference voltage. Lower reference voltage levels may be applied with reduced
accuracy requirements.

(3) The accuracy limits the maximum negative external reference voltage. Higher reference voltage levels may be applied with reduced
accuracy requirements.

(4) The accuracy limits minimum external differential reference voltage. Lower differential reference voltage levels may be applied with
reduced accuracy requirements.

(5) Two decoupling capacitors, 10 pF and 100 nF, should be connected to VREF to decouple the dynamic current required for an external
reference source if it is used for the ADC10_A. Also see the MSP430x5xx and MSP430x6xx Family User's Guide (SLAU208).
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5.8.10 REF

Table 5-51. REF Built-In Reference

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

PARAMETER TEST CONDITIONS Vee MIN TYP MAX| UNIT
REFVSEL = {2} for 2.5 V, REFON = 1 3V 247 251 255
VRers ngggf built-in reference ' prrySEL = (1) for 2 V, REFON = 1 3V 1.96  1.99 2.02| V
REFVSEL = {0} for 1.5 V, REFON = 1 22V,3V | 148 15 152
AVCC minimum voltage, REFVSEL = {0} for 1.5 V 22
AVcc(miny Po_sitive built-in reference REFVSEL = {1} for 2 V 2.2 \%
active REFVSEL = {2} for 2.5 V 2.7
fapciocLk = 5.0 MHz,
REFON = 1, REFBURST = 0, 3V 18 24| pA
REFVSEL = {2} for 2.5 V
; fapciocLk = 5.0 MHz,
- afoef\t/'g%stzm% S| REFON = 1, REFBURST =0, 3v 161 21| pA
REFVSEL = {1} for 2 V
fapciocLk = 5.0 MHz,
REFON = 1, REFBURST = 0, 3V 14.4 21| pA
REFVSEL = {0} for 1.5 V
Temperature coefficient of | lyrge+ = 0 A, ppm/
TCrer+ built-in reference @ REFVSEL = (0, 1, 2}, REFON = 1 <18 501 Tec
| Operating supply current REFON = 0, INCH = 0Ah, 22V 17 22 A
SENSOR into AVCC terminal ® ADC100N = N/A, T4 = 30°C 3V 17 0| M
ADC100N = 1, INCH = 0Ah 22V 770
\Y See ¥ o ' ' mv
SENSOR Ta=30°C 3V 770
. ADC100N = 1, INCH = 0Bh 22V 1.06 11 114
V AV divider at channel 11 - H ! \Y
MID ce Vmip is approximately 0.5 x Vaycce 3V 146 15 154
t Sample time required if ADC100N =1, INCH = 0Ah, 30 s
SENSOR(sample)  channel 10 is selected ® Error of conversion result < 1 LSB H
t Sample time required if ADCI100N =1, INCH = 0Bh, 1 s
VMID(sample) channel 11 is selected ® Error of conversion result < 1 LSB H
P . | AVee = AVee (min) - AVecmax),
PSRR_DC (Pd(l\;ver supply rejection ratio Tp = 25°C, 120 VAV
REFVSEL = (0, 1, 2}, REFON = 1
i .+ | AVce = AVce (min) - AVcc(max)y
PSRR_AC (Pa‘l‘;ver supply rejection ratio |+ “Z5ec T2 Kz, AVpp = 100 mV, 6.4 mvivV
REFVSEL = (0, 1, 2}, REFON = 1
t Settling time of reference AVce = AVcc (min) - AVec(max), 75 s
SETTLE voltage ") REFVSEL = (0, 1, 2}, REFON =0 — 1 H
Vspoarer fgé‘é—f internal reference | g 4pEFs = 1 3V 1151 1.1623 1174| V
fon SD24_B internal reference | gy pers = 0-51, Crer = 100 nF 3V 200 us

turn-on time

(1) The internal reference current is supplied via terminal AVCC. Consumption is independent of the ADC100N control bit, unless a

conversion is active. The REFON bit enables to settle the built-in reference before starting an A/D conversion.
(2) Calculated using the box method: (MAX(-40 to 85°C) — MIN(-40 to 85°C)) / MIN(-40 to 85°C)/(85°C — (—40°C)).
(3) The sensor current Isensor is consumed if (ADC100N = 1 and REFON = 1) or (ADC100N =1 and INCH = 0Ah and sample signal is
high). When REFON = 1, Isgnsor is already included in Igggs.
(4) The temperature sensor offset can be as much as +20°C. A single-point calibration is recommended in order to minimize the offset error
of the built-in temperature sensor.
(5) The typical equivalent impedance of the sensor is 51 kQ. The sample time required includes the sensor-on time tsensor(on):
(6) The on-time tymip(on) iS included in the sampling time tymipsample); NO additional on time is needed.

(7) The condition is that the error in a conversion started after tgreroy is less than +0.5 LSB.
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5.8.11 Comparator_B

Table 5-52. Comparator_B

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

PARAMETER TEST CONDITIONS Vee MIN TYP MAX'| UNIT
Vee Supply voltage 1.8 3.6 \%
1.8V 40
Comparator operating CBPWRMD = 00, CBON =1, CBRSx = 00 22V 22 50
supply current into
lavec_comp  AVCC, Excludes 3V 32 65| wA
reference resistor ladder | CBPWRMD = 01, CBON =1, CBRSx = 00 22V,3V 10 30
CBPWRMD = 10, CBON =1, CBRSx = 00 22V,3V 0.2 0.85
Quiescent current of CBREFACC =1, CBREFLx =01,
! resistor ladder into CBRSx = 10, REFON = 0, CBON = 0 22V, 3V 10 22| wA
AVCCREF AVCC, Includes REF CBREFACC = 0, CBREFLx = 01, bov 3 23 0
module current CBRSx = 10, REFON = 0, CBON = 0 2V, 3V 401 WA
Vie Common mode input 0 Veel| V
range
v | t offset volt CBPWRMD = 00 -20 +20| mvV
nput offset voltage
OFFSET P g CBPWRMD = 01 or 10 -20 +20| mv
Cin Input capacitance pF
o ) ON - switch closed 41 kQ
Rsin Series input resistance -
OFF - switch opened 50 MQ
CBPWRMD =00, CBF =0 450 ns
tpp Propagation delay, CBPWRMD = 01, CBF = 0 600| ns
response time
CBPWRMD =10, CBF =0 50 us
CBPWRMD =00, CBON =1, CBF =1,
CBFDLY = 00 030 06 15] b
CBPWRMD =00, CBON=1,CBF =1
! ! ! 0.5 1.0 1.8 S
o Propagation delay with | CBFDLY =01 H
P fiter filter active CBPWRMD = 00, CBON = 1, CBF = 1, 08 18 34l s
CBFDLY = 10 ' ' a4 M
CBPWRMD =00, CBON =1, CBF =1,
CBFDLY = 11 15 34 65] s
CBON =0to CBON =1, 1 > us
ten_cmp Comparator enable time | CBPWRMD =00 or 01
CBON =0to CBON =1, CBPWRMD =10 50 us
Resistor reference _ -
ten_REF erble fime CBON =01to CBON =1 1.0 15| ps
Temperature coefficient ppm/
TCrer reference 501 Yo
Reference voltage for a | VIN = reference into resistor ladder, VIN > VIN x VIN x
Vee_Rrer given tap n=0to 31 (+1.5)  (n+1)  (n+0.5 1 Vv
/32 /132 /132
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5.8.12 Flash

Table 5-53. Flash Memory
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER COI\-II—DEI?TONS MIN TYP MAX | UNIT

DVccppemierasey  Program and erase supply voltage 1.8 3.6 \%
lpem Average supply current from DVCC during program 3 5 mA
lERASE Average supply current from DVCC during erase 6 15 mA
IMERASE: Average supply current from DVCC during mass erase or 6 15 mA
IBANK bank erase
tepT Cumulative program time See @ 16 ms

Program and erase endurance 104 10° cycles
tRetention Data retention duration T;=25°C 100 years
tword Word or byte program time See @ 64 85 us
tBlock, 0 Block program time for first byte or word See @ 49 65 ps
o | s
tBlock, N Block program time for last byte or word See @ 55 73 us
terase Errgssg \E\ilrr?:nfc;:/ Zﬁggll:nt erase, mass erase, and bank See @ 23 32 ms
FCLK MGR MCLK frequencX in marginal read moge 0 1 MHz

: (FCTL4.MGRO =1 or FCTL4. MGR1 = 1)

(1) The cumulative program time must not be exceeded when writing to a 128-byte flash block. This parameter applies to all programming
methods: individual word or byte write and block write modes.
(2) These values are hardwired into the flash controller's state machine.

5.9 Emulation and Debug

Table 5-54. JTAG and Spy-Bi-Wire Interface
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER COI\-II—IEI?'-II—ONS MIN TYP MAX | UNIT
fspw Spy-Bi-Wire input frequency 22V,3V 0 20| MHz
tsBwW,Low Spy-Bi-Wire low clock pulse duration 22V,3V 0.025 15 us
tsew, £n 3?5(8;(\1/;1;‘)3(3“%"3 time (TEST high to acceptance of first 22V, 3V 1 us
tsBw,Rst Spy-Bi-Wire return to normal operation time 15 100 us
. TeKi ) ® 22V 0 5| MHz
TCK input frequency for 4-wire JTAG 3V 0 o] MHz
Rinternal Internal pulldown resistance on TEST 22V,3V 45 60 80 kQ

(1) Tools that access the Spy-Bi-Wire interface must wait for the minimum tsgw g, time after pulling the TEST/SBWTCK pin high before
applying the first SBWTCK clock edge.
(2) frck may be restricted to meet the timing requirements of the module selected.
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6 Detailed Description

6.1 Overview

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.
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6.2 Functional Block Diagrams

Figure 6-1 shows the the functional block diagram for the MSP430F677x1A, MSP430F676x1A, and
MSP430F674x1A devices in the PEU package.

XIN XOUT  DVCC DVSS AVCC AVSS  AUX1 AUX2 AUX3 RSTINMI PA PB PC PD PE PF
A P1.x, P2.x P3.x) P4.x P5.x P6.x, P7.x| P8.x P9x P10.x P11y
(32 kHz) *
l i i i i i l l A A A T A A A A A A A
v ¥ v
@ ACLK sys 1/0 Ports 1/0 Ports 1/0 Ports 1/0 Ports 1/0 Ports 1/0 Ports
iified ’ 512KB a2k | -2 P1, P2 P3, P4 P5, P6 P7 P8 P9, P10 o1l
System |y, 256KB 16KB Watchdog Iﬁ:esnl'/u%st 2¢810s | | 2x81/0s 2x81/0s 2x8 110 1%6 110
SMCLK F | | cRete MPY32 Wakeup
Flash RAM Mapping
MCLK Controller PA PB PC PD PE PF
1%x16 1/0Os 1%x16 1/0Os 1%16 1/0s 1%16 1/0s 1%x16 1/0 1x6 /0
CPUXV2
and
Working
gi
(25 MHz)
EEM
(S: 8+2)
PMM
e Ta0 TA1 eUSCI_A0
o Auxiliary | | sD24 8 ADC10_A Lcp_c REF ™ vsear] | euscr o ouA courp.B
SBW' Supplies RTC CE TA3 eusci_A2| | eusciB1 (External
Interface LDO 7 Channel 10 Bit 8MUX Reference - T';"E'EA Timer A eUSCI_A3 3 Channel MVo_Ittag_e )
svm, svs | | 6 Channel | | 200ksPs | [ upto320( | 1.5V, 20V, ( - § onitoring
- Registers 2CC (UART, (SPI, I'C)
Pjv« | »| Port PJ BOR 4 Channel Segments 25V Registers IrDA,SP1)
X

Figure 6-1. Functional Block Diagram — PEU Package

Figure 6-2 shows the the functional block diagram for the MSP430F677x1A, MSP430F676x1A, and
MSP430F674x1A devices in the PZ package.

XIN XOUT DVCC DVSS AVCC AVSS  AUX1 AUX2 AUX3 RSTINMI PA PB PC PD
P1.x, P2.x P3.x P4.ﬂ/ P5.x| P6.x, P7.x PB.ﬂ/
A

Y O A O O A A I

v k. 2 7
ACLK
- 1/0 Ports 1/0 Ports 1/0 Ports 1/0 Ports
Unified — 512KB sk || SYS__ P1, P2 P3, P4 P5, P6 P7 P8
256KB 16KB 2x8 1/0s 2x8 1/0s 2x8 1/0s 1x3’|/05
System |, 128KB Watchdog Interrupt, 1x2 1/0s
SMOLK Fpen | | GRet MPY32 Wakeup
Flash RAM Mapping
MCLK Controller PA PB PC PD
1x161/0s | | 1x1610s | | 1x1610s | | 1x10 yOs
CPUXV2
and
Working
gi s|
(25 MHz)
EEM
(S: 8+2)
PMM
Ta0 TA1 eUSCI_AQ
i LCD, !
e Auxiliary | | SD24_B [ | ADC10_A CD_c REF TA2 eUSCIA1| | eUsCIBO | |  pua compP_B
SBWY Supplies RTC CE TA3 eUSCI_A2 eUSCI_B1 (External
Interface LDO 7 Channel 10 Bit 8MUX Reference - Timer_A X eUSCI_A3 3 Channel Voltage
SVM, SVS 6 Channel 200 KSPS Up to 320 15V,20V, Re:;i(;gers T"Z"é::_A (UART (8P, FC) Monitoring)
/ s t: 25V ; h
R . Port PJ BOR 4 Channel egments Registers IrDA,SPI)
PJ.x
Figure 6-2. Functional Block Diagram — PZ Package
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6.3 CPU (Link to User's Guide)

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

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

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

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

instructions.

Program Counter

Stack Pointer

Status Register

Constant Generator

General-Purpose Register

General-Purpose Register

General-Purpose Register

General-Purpose Register

General-Purpose Register

General-Purpose Register

General-Purpose Register

General-Purpose Register

General-Purpose Register

General-Purpose Register

General-Purpose Register

General-Purpose Register

PC/RO

SP/R1

SR/CG1/R2

CG2/R3

R4

R5

R6

R7

R8

R9

R10

R11

R12

R13

R14

R15
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6.4 Instruction Set

The instruction set consists of the original 51 instructions with three formats and seven address modes
and additional instructions for the expanded address range. Each instruction can operate on word and
byte data. Table 6-1 shows examples of the three types of instruction formats; Table 6-2 shows the
address modes.

Table 6-1. Instruction Word Formats

INSTRUCTION WORD FORMAT EXAMPLE OPERATION
Dual operands, source-destination ADD R4,R5 R4 + R5 —» R5
Single operands, destination only CALL RS8 PC — (TOS), R8 —» PC
Relative jump, un/conditional JINE Jump-on-equal bit = 0

Table 6-2. Address Mode Descriptions

ADDRESS MODE s® | p® SYNTAX EXAMPLE OPERATION
Register + + MOV Rs,Rd MOV R10,R11 R10 —» R11
Indexed + + MOV X(Rn),Y(Rm) MOV 2(R5),6(R6) M(2+R5) — M(6+R6)
Symbolic (PC relative) + + MOV EDE,TONI M(EDE) — M(TONI)
Absolute + + MOV & MEM, & TCDAT M(MEM) — M(TCDAT)
Indirect + MOV @Rn,Y(Rm) MOV @R10,Tab(R6) M(R10) — M(Tab+R6)
Indirect autoincrement + MOV @Rn+,Rm MOV @R10+,R11 gll(giog i Eﬁ)
Immediate + MOV #X,TONI MOV #45,TONI #45 — M(TONI)
(1) S =source, D = destination
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6.5 Operating Modes

The MSP430 has one active mode and six software selectable low-power modes of operation. An interrupt
event can wake up the device from any of the five low-power modes, service the request, and restore
back to the low-power mode on return from the interrupt program.

The following seven operating modes can be configured by software:

Active mode (AM)

— All clocks are active

Low-power mode 0 (LPMO)

— CPU is disabled

— ACLK and SMCLK remain active, MCLK is disabled
— FLL loop control remains active

Low-power mode 1 (LPM1)

— CPU is disabled

— FLL loop control is disabled

— ACLK and SMCLK remain active, MCLK is disabled
Low-power mode 2 (LPM2)

— CPU is disabled

— MCLK and FLL loop control and DCOCLK are disabled
— DCO's dc-generator remains enabled

— ACLK remains active

Low-power mode 3 (LPM3)

— CPU is disabled

— MCLK, FLL loop control, and DCOCLK are disabled
— DCO's dc-generator is disabled

— ACLK remains active

Low-power mode 4 (LPM4)

— CPU is disabled

— ACLK is disabled

— MCLK, FLL loop control, and DCOCLK are disabled
— DCO's dc-generator is disabled

— Crystal oscillator is stopped

— Complete data retention

Low-power mode 3.5 (LPM3.5)

— Internal regulator disabled

— No RAM retention, Backup RAM retained

— 1/O pad state retention

— RTC clocked by low-frequency oscillator

— Wakeup from RST/NMI, RTC_C events, Ports P1 and P2
Low-power mode 4.5 (LPM4.5)

— Internal regulator disabled

— No RAM retention, Backup RAM retained

— RTC is disabled

— 1/O pad state retention

— Wakeup from RST/NMI, Ports P1 and P2
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6.6

Interrupt Vector Addresses

The interrupt vectors and the power-up start address are located in the address range OFFFFh to OFF80h.
The vector contains the 16-bit address of the appropriate interrupt-handler instruction sequence.

Table 6-3. Interrupt Sources, Flags, and Vectors

WORD
INTERRUPT SOURCE INTERRUPT FLAG SYSTEM INTERRUPT |, Sorcc PRIORITY
System Reset
Power-Up
External Reset WDTIFG, KEYV (SYSRSTIV)® @ Reset OFFFEh 63, highest
Watchdog Timeout, Key Violation
Flash Memory Key Violation
Sysltf,\;”MNM' SVMLIFG, SVMHIFG, DLYLIFG, DLYHIFG, VLRLIFG,
VLRHIFG, VMAIFG, JMBNIFG, JMBOUTIFG (SYSSNIV) (Non)maskable OFFFCh 62
Vacant Memory Access @ @
JTAG Mailbox
User NMI
NMI ®
Oscillator Fault NMIIFG, OFIFG, ACCVIFG,(S»)AUXSWGIFG (SYSUNIV) (Non)maskable OFFFAR 61
Flash Memory Access Violation
Supply Switched
Watchdog Timer_A Interval Timer WDTIEG Maskable OFFF8h 60
Mode
eUSCI_AO Receive or Transmit UCAORXIFG, UCAOTXIFG (UCA0IV)® &) Maskable OFFF6h 59
eUSCI_BO Receive or Transmit UCBORXIFG, UCBOTXIFG (UCBOIV)® 4 Maskable OFFF4h 58
ADC10IFGO, ADC10INIFG, ADC10LOIFG, ADC10HIIFG,
ADCI0_A ADCI10TOVIFG, ADC100VIFG (ADCL0IV)® @ Maskable OFFF2h 57
SD24_B SD24_B Interrupt Flags (SD24IV)® @ Maskable OFFFOh 56
Timer TAO TAOCCRO CCIFGO®¥ Maskable OFFEEh 55
) TAOCCR1 CCIFG1, TAOCCR2 CCIFG2,

Timer TAO TAOIFG (TAOIV)®D @ Maskable OFFECh 54
eUSCI_A1 Receive or Transmit UCALRXIFG, UCALTXIFG (UCA1IV)® @ Maskable OFFEAh 53
eUSCI_A2 Receive or Transmit UCA2RXIFG, UCA2TXIFG (UCA2IV)® @) Maskable OFFES8h 52

. ) AUXSWGIFG, AUXIFGO, AUXIFG1, AUXIFG2

Auxiliary Supplies (AUXIV)® @ Maskable OFFE6h 51
DMA DMAOIFG, DMALIFG, DMA2IFG (DMAIV)® &) Maskable OFFE4h 50
Timer TAL TA1CCRO CCIFGO® Maskable OFFE2h 49

) TA1CCR1 CCIFG1,

Timer TA1 TALIEG (TALIV)®D @ Maskable OFFEOh 48
eUSCI_A3 Receive or Transmit UCA3RXIFG, UCASTXIFG (UCA3IV)® @) Maskable OFFDEh a7
eUSCI_B1 Receive or Transmit UCBI1RXIFG, UCB1TXIFG (UCB1IV)® 4 Maskable OFFDCh 46

1/0 Port P1 P1IFG.0 to P1IFG.7 (P1IV)(® @ Maskable OFFDAh 45

Timer TA2 TA2CCRO CCIFGO®¥ Maskable OFFD8h 44

i TA2CCR1 CCIFGL1,

Timer TA2 TA2IFG (TA2IV) @@ Maskable OFFD6h 43

1/0 Port P2 P2IFG.0 to P2IFG.7 (P2IV)(® @) Maskable OFFD4h 42

Timer TA3 TA3CCRO CCIFGO®¥ Maskable OFFD2h 41

) TA3CCR1 CCIFG1,
Timer TA3 TASIFG (TA3IV)D @ Maskable OFFDOh 40
LCD_C LCD_C Interrupt Flags (LCDCIV)® *) Maskable OFFCEh 39
RTCOFIFG, RTCRDYIFG, RTCTEVIFG, RTCAIFG,
RTC C RTOPSIFG, RT1PSIFG (RTCIV)® ©) Maskable OFFCCh 38
Comparator_B Comparator_B Interrupt Flags (CBIV) & Maskable OFFCAh 37

Multiple source flags

A reset is generated if the CPU tries to fetch instructions from within peripheral space or vacant memory space.
(Non)maskable: the individual interrupt-enable bit can disable an interrupt event, but the general-interrupt enable cannot disable it.
Interrupt flags are located in the module.
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Table 6-3. Interrupt Sources, Flags, and Vectors (continued)

INTERRUPT SOURCE INTERRUPT FLAG SYSTEM INTERRUPT A|\3NDC|)?REDSS PRIORITY
OFFC6h 35
Reserved Reserved® : :
OFF80h 0, lowest

(5) Reserved interrupt vectors at addresses are not used in this device and can be used for regular program code if necessary. To maintain

compatibility with other devices, it is recommended to reserve these locations.

6.7 Special Function Registers (SFRs)

The MSP430 SFRs are located in the lowest address space and can be accessed via word or byte

formats.
Legend rw: Bit can be read and written.
rw-0,1: Bit can be read and written. It is reset or set by PUC.
rw-(0,1): Bit can be read and written. It is reset or set by POR.
rw-[0,1]: Bit can be read and written. It is reset or set by BOR.
- SFR bit is not present in device.
Table 6-4. Interrupt Enable 1
15 14 13 12 11 10 9 8
.- - - [ - [ - [ - Jauxswwwe|[ - @@ |
rw-0
7 6 5 4 3 2 1 0
| omBouTIE | JMBINE | AccviE |  ~NmiE | vMmAE | - | ore | womE |
rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0
WDTIE Watchdog timer interrupt enable. Inactive if watchdog mode is selected. Active if watchdog timer is configured as a
general-purpose timer.
OFIE Oscillator fault interrupt enable
VMAIE Vacant memory access interrupt enable
NMIIE Nonmaskable interrupt enable
ACCVIE Flash access violation interrupt enable
JMBINIE JTAG mailbox input interrupt enable
JMBOUTIE JTAG mailbox output interrupt enable
AUXSWNMIE Supply switched non-maskable interrupt enable
Table 6-5. Interrupt Flag 1
15 14 13 12 11 10 9 8
7 6 5 4 3 2 1 0
| JMBOUTIFG | JMBINIFG | - . NmiFG | vmAFG | - | ofFc | wpTFe |
rw-[0] rw-[0] rw-0 rw-0 rw-0 rw-0
WDTIFG Set on watchdog timer overflow (in watchdog mode) or security key violation
Reset on V¢ power-on or a reset condition at the RST/NMI pin in reset mode
OFIFG Flag set on oscillator fault
VMAIFG Set on vacant memory access
NMIIFG Set via RST/NMI pin
JMBINIFG Set on JTAG mailbox input message
JMBOUTIFG Set on JTAG mailbox output register ready for next message
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6.8 Bootstrap Loader (BSL)
The BSL enables users to program the flash memory or RAM using various serial interfaces. Access to
the device memory via the BSL is protected by an user-defined password. BSL entry requires a specific
entry sequence on the RST/NMI/SBWTDIO and TEST/SBWTCK pins. For a complete description of the
features of the BSL and its implementation, see the MSP430 Programming Via the Bootstrap Loader
User's Guide (SLAU319).
Table 6-6. UART BSL Pin Requirements and Functions
DEVICE SIGNAL BSL FUNCTION
RST/NMI/SBWTDIO Entry sequence signal
TEST/SBWTCK Entry sequence signal
P2.0 Data transmit
P2.1 Data receive
VCC Power supply
VSS Ground supply
6.9 JTAG Operation
6.9.1 JTAG Standard Interface
The MSP430 family supports the standard JTAG interface which requires four signals for sending and
receiving data. The JTAG signals are shared with general-purpose I/O. The TEST/SBWTCK pin is used to
enable the JTAG signals. In addition to these signals, the RST/NMI/SBWTDIO is required to interface with
MSP430 development tools and device programmers. The JTAG pin requirements are shown in Table 6-
7. For further details on interfacing to development tools and device programmers, see the MSP430
Hardware Tools User's Guide (SLAU278). For a complete description of the features of the JTAG interface
and its implementation, see MSP430 Programming Via the JTAG Interface (SLAU320).
Table 6-7. JTAG Pin Requirements and Functions
DEVICE SIGNAL DIRECTION FUNCTION
PJ.3/TCK IN JTAG clock input
PJ.2ITMS IN JTAG state control
PJ.1/TDI/TCLK IN JTAG data input, TCLK input
PJ.0O/TDO ouT JTAG data output
TEST/SBWTCK IN Enable JTAG pins
RST/NMI/SBWTDIO IN External reset
VCC Power supply
VSS Ground supply
70 Detailed Description Copyright © 2014, Texas Instruments Incorporated
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6.9.2 Spy-Bi-Wire Interface

In addition to the standard JTAG interface, the MSP430 family supports the two wire Spy-Bi-Wire
interface. Spy-Bi-Wire can be used to interface with MSP430 development tools and device programmers.
The Spy-Bi-Wire interface pin requirements are shown in Table 6-8. For further details on interfacing to
development tools and device programmers, see the MSP430 Hardware Tools User's Guide (SLAU278).
For a complete description of the features of the JTAG interface and its implementation, see MSP430
Programming Via the JTAG Interface (SLAU320).

Table 6-8. Spy-Bi-Wire Pin Requirements and Functions

DEVICE SIGNAL DIRECTION FUNCTION
TEST/SBWTCK IN Spy-Bi-Wire clock input
RST/NMI/SBWTDIO IN, OUT Spy-Bi-Wire data input/output
VCC Power supply
VSS Ground supply
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6.10 Memory

6.10.1 Memory Organization

Table 6-9 shows the memory map of the MSP430F67x91A, MSP430F67x81A, and MSP430F67x71A

devices.

Table 6-9. Memory Organization — MSP430F67x91A, MSP430F67x81A, and MSP430F67x71A

MSP430F67791A MSP430F67781A MSP430F67771A
MSP430F67691A MSP430F67681A MSP430F67671A
MSP430F67491A MSP430F67481A MSP430F67471A
Main Memory (flash) Total Size 512KB 512KB 256KB
Main: Interrupt 00FFFFh to 00FF80h 0OFFFFh to 00FF80h 0OFFFFh to 00FF80h
vector
Main: code memor Bank 3 128KB 128KB not available
' y 08BFFFh to 06C000h 08BFFFh to 06C000h
Bank 2 128KB 128KB not available
06BFFFh to 04C000h 06BFFFh to 04C000h
Bank 1 128KB 128KB 128KB
04BFFFh to 02C000h 04BFFFh to 02C000h 04BFFFh to 02C000h
Bank 0 128KB 128KB 128KB
02BFFFh to 00C000h 02BFFFh to 00C000h 02BFFFh to 00C000h
RAM Total Size 32KB 16KB 32KB
Sector 7 4KB not available 4KB
009BFFh to 008C00h 009BFFh to 008C00h
Sector 6 4KB not available 4KB
008BFFh to 007C00h 008BFFh to 007C00h
Sector 5 4KB not available 4KB
007BFFh to 006C00h 007BFFh to 006C00h
Sector 4 4KB not available 4KB
006BFFh to 005C00h 006BFFh to 005C00h
Sector 3 4KB 4KB 4KB
005BFFh to 004C00h 005BFFh to 004C00h 005BFFh to 004C00h
Sector 2 4KB 4KB 4KB
004BFFh to 003C00h 004BFFh to 003C00h 004BFFh to 003C00h
Sector 1 4KB 4KB 4KB
003BFFh to 002C00h 003BFFh to 002C00h 003BFFh to 002C00h
Sector 0 4KB 4KB 4KB
002BFFh to 001C00h 002BFFh to 001C00h 002BFFh to 001C00h
128 B 128 B 128 B
i ) 001AFFh to 001A80h 001AFFh to 001A80h 001AFFh to 001A80h
Device Descriptor
128 B 128 B 128 B
001A7Fh to 001A00h 001A7Fh to 001A00h 001A7Fh to 001A00h
Info A 128 B 128 B 128 B
0019FFh to 001980h 0019FFh to 001980h 0019FFh to 001980h
Info B 128 B 128 B 128 B
Information memory 00197Fh to 001900h 00197Fh to 001900h 00197Fh to 001900h
(flash) Info C 128 B 128 B 128 B
0018FFh to 001880h 0018FFh to 001880h 0018FFh to 001880h
Info D 128 B 128 B 128 B
00187Fh to 001800h 00187Fh to 001800h 00187Fh to 001800h
BSL 3 512 B 512 B 512 B
0017FFh to 001600h 0017FFh to 001600h 0017FFh to 001600h
BSL 2 512 B 512 B 512 B
Bootstrap loader 0015FFh to 001400h 0015FFh to 001400h 0015FFh to 001400h
(BSL) memory
(flash) BSL 1 512 B 512 B 512 B
0013FFh to 001200h 0013FFh to 001200h 0013FFh to 001200h
BSL O 512 B 512 B 512 B
0011FFh to 001000h 0011FFh to 001000h 0011FFh to 001000h
Peripherals 4 KB 4KB 4 KB
P 000FFFh to Oh 000FFFh to Oh 000FFFh to Oh
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Table 6-10 shows the memory map of the MSP430F67x61A and MSP430F67x51A devices.

Table 6-10. Memory Organization — MSP430F67x61A and MSP430F67x51A

MSP430F67761A MSP430F67751A
MSP430F67661A MSP430F67651A
MSP430F67461A MSP430F67451A
Main Memory (flash) Total Size 256KB 128KB
O0OFFFFh to 00FF80h O0OFFFFh to 00FF80h
Bank 3 not available not available
Main: code memory Bank 2 not available not available
Main: Interrupt vector Bank 1 128KB not available
04BFFFh to 02C000h
Bank 0 128KB 128KB
02BFFFh to 00C000h 02BFFFh to 00C000h
Total Size 16KB 16KB
Sector 7 not available not available
Sector 6 not available not available
Sector 5 not available not available
Sector 4 not available not available
RAM Sector 3 4KB 4KB
005BFFh to 004C00h 005BFFh to 004C00h
Sector 2 4KB 4KB
004BFFh to 003C00h 004BFFh to 003C00h
Sector 1 4KB 4KB
003BFFh to 002C00h 003BFFh to 002C00h
Sector 0 4KB 4KB
002BFFh to 001C00h 002BFFh to 001C00h
128 B 128 B
. . 001AFFh to 001A80h 001AFFh to 001A80h
Device Descriptor
128 B 128 B
001A7Fh to 001A00h 001A7Fh to 001A00h
Info A 128 B 128 B
0019FFh to 001980h 0019FFh to 001980h
Info B 128 B 128 B
. 00197Fh to 001900h 00197Fh to 001900h
Information memory (flash)
Info C 128 B 128 B
0018FFh to 001880h 0018FFh to 001880h
Info D 128 B 128 B
00187Fh to 001800h 00187Fh to 001800h
BSL 3 512B 512B
0017FFh to 001600h 0017FFh to 001600h
BSL 2 512 B 512 B
Bootstrap loader (BSL) memory 0015FFh to 001400h 0015FFh to 001400h
(flash) BSL1 512 B 512 B
0013FFh to 001200h 0013FFh to 001200h
BSL O 512 B 512 B
0011FFh to 001000h 0011FFh to 001000h
Peripherals 4 KB 4 KB
p 000FFFh to Oh 000FFFh to Oh
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6.10.2 Flash Memory (Link to User's Guide)

The flash memory can be programmed via the JTAG port, Spy-Bi-Wire (SBW), the BSL, or in-system by
the CPU. The CPU can perform single-byte, single-word, and long-word writes to the flash memory.
Features of the flash memory include:

» Flash memory has n segments of main memory and four segments of information memory (A to D) of
128 bytes each. Each segment in main memory is 512 bytes in size.

» Segments 0 to n may be erased in one step, or each segment may be individually erased.

» Segments A to D can be erased individually, or as a group with segments 0 to n. Segments A to D are
also called information memory.

» Segment A can be locked separately.

6.10.3 RAM Memory (Link to User's Guide)

The RAM memory is made up of n sectors. Each sector can be completely powered down to save
leakage; however, all data is lost in the sector that is powered down. Features of the RAM memory
include:

*  RAM memory has n sectors of 4K bytes each.
» Each sector 0 to n can be complete disabled; however, data retention is lost in the disabled sector.
» Each sector 0 to n automatically enters low-power retention mode when possible.

6.10.4 Backup RAM Memory (Link to User's Guide)

The Backup RAM provides a limited number of bytes of RAM that are retained during LPM3.5. This
Backup RAM is part of the Backup subsystem that operates on dedicated power supply AUXVCC3.There
are 8 bytes of Backup RAM available in this device. It can be wordwise accessed via the registers
BAKMEMO, BAKMEM1, BAKMEMZ2, and BAKMEMS3. The Backup RAM registers cannot be accessed by
CPU when the high-side SVS is disabled by the user application.
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6.11 Peripherals

Peripherals are connected to the CPU through data, address, and control buses and can be handled using
all instructions. For complete module descriptions, see the MSP430x5xx and MSP430x6xx Family User's

Guide (SLAU208).

6.11.1 Oscillator and System Clock (Link to User's Guide)

The Unified Clock System (UCS) module includes support for a 32768-Hz watch crystal oscillator, an
internal very-low-power low-frequency oscillator (VLO), an internal trimmed low-frequency oscillator
(REFO), and an integrated internal digitally controlled oscillator (DCO). The UCS module is designed to
meet the requirements of both low system cost and low power consumption. The UCS module features
digital frequency locked loop (FLL) hardware that, in conjunction with a digital modulator, stabilizes the
DCO frequency to a programmable multiple of the selected FLL reference frequency. The internal DCO
provides a fast turn-on clock source and stabilizes in less than 5 ps. The UCS module provides the
following clock signals:

» Auxiliary clock (ACLK), sourced from a 32768-Hz watch crystal, the internal low-frequency oscillator
(VLO), or the trimmed low-frequency oscillator (REFO).

* Main clock (MCLK), the system clock used by the CPU. MCLK can be sourced by same sources made
available to ACLK.

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

* ACLKI/n, the buffered output of ACLK, ACLK/2, ACLK/4, ACLK/8, ACLK/16, ACLK/32.

6.11.2 Power Management Module (PMM) (Link to User's Guide)

The PMM includes an integrated voltage regulator that supplies the core voltage to the device and
contains programmable output levels to provide for power optimization. The PMM also includes supply
voltage supervisor (SVS) and supply voltage monitoring (SVM) circuitry, as well as brownout protection.
The brownout circuit is implemented to provide the proper internal reset signal to the device during power-
on and power-off. The SVS/SVM circuitry detects if the supply voltage drops below a user-selectable level
and supports both supply voltage supervision (the device is automatically reset) and supply voltage
monitoring (the device is not automatically reset). SVS and SVM circuitry is available on the primary
supply and core supply.

6.11.3 Auxiliary Supply System (Link to User's Guide)

The auxiliary supply system provides the option to operate the device from auxiliary supplies when the
primary supply fails. There are two auxiliary supplies (AUXVCC1 and AUXVCC2) supported in
MSP430F67xx. This module supports automatic and manual switching from primary supply to auxiliary
supplies while maintaining full functionality. It allows threshold-based monitoring of primary and auxiliary
supplies. The device can be started from primary supply or AUXVCC1, whichever is higher. Auxiliary
supply system enables internal monitoring of voltage levels on primary and auxiliary supplies using
ADC10_A. This module also implements a simple charger for backup capacitors.

6.11.4 Backup Subsystem (Link to User's Guide)

The Backup subsystem operates on a dedicated power supply AUXVCC3. This subsystem includes low-
frequency oscillator, Real-Time Clock module, and Backup RAM. The functionality of Backup subsystem is
retained during LPM3.5. The Backup subsystem module registers cannot be accessed by CPU when the
high side SVS is disabled by user.
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6.11.5 Digital I/O (Link to User's Guide)

There are up to eleven 8-bit 1/O ports implemented. For 128-pin options, Ports P1 to P10 are complete,
and Port P11 is 6 bits wide. For 100-pin options, Ports P1 to P7 are complete, Port P8 is 2 bits wide, and
ports P9, P10, and P11 are completely removed. Port PJ contains four individual 1/O pins, common to all
devices. All I/O bits are individually programmable.

Any combination of input, output, and interrupt conditions is possible.
Programmable pullup or pulldown on all ports.
Programmable drive strength on all ports.

Edge-selectable interrupt and LPM3.5, LPM4.5 wakeup input capability available for all bits of ports P1

and P2.

Read-write access to port-control registers is supported by all instructions.
Ports can be accessed byte-wise (P1 Through P11) or word-wise in pairs (PA Through PF).

6.11.6 Port Mapping Controller (Link to User's Guide)

The port mapping controller allows flexible and reconfigurable mapping of digital functions to Ports P2, P3,

and P4.
Table 6-11. Port Mapping Mnemonics and Functions
VALUE PxMAPy MNEMONIC INPUT PIN FUNCTION OUTPUT PIN FUNCTION
0 PM_NONE None DVSS
1 PM_UCAORXD eUSCI_A0 UART RXD (direction controlled by eUSCI — Input)
PM_UCAOSOMI eUSCI_AO0 SPI slave out master in (direction controlled by eUSCI)
) PM_UCAOTXD eUSCI_AO0 UART TXD (direction controlled by eUSCI — Output)
PM_UCAO0SIMO eUSCI_AO SPI slave in master out (direction controlled by eUSCI)
PM_UCAOCLK eUSCI_AO clock input/output (direction controlled by eUSCI)
PM_UCAOSTE eUSCI_AO SPI slave transmit enable (direction controlled by eUSCI)
PM_UCA1RXD eUSCI_A1 UART RXD (direction controlled by eUSCI — Input)
> PM_UCA1SOMI eUSCI_A1 SPI slave out master in (direction controlled by eUSCI)
6 PM_UCA1TXD eUSCI_A1 UART TXD (direction controlled by eUSCI — Output)
PM_UCA1SIMO eUSCI_A1 SPI slave in master out (direction controlled by eUSCI)
PM_UCALCLK eUSCI_AL1 clock input/output (direction controlled by eUSCI)
PM_UCAILSTE eUSCI_AL SPI slave transmit enable (direction controlled by eUSCI)
PM_UCA2RXD eUSCI_A2 UART RXD (direction controlled by eUSCI — Input)
o PM_UCA2SOMI eUSCI_A2 SPI slave out master in (direction controlled by eUSCI)
10 PM_UCA2TXD eUSCI_A2 UART TXD (direction controlled by eUSCI — Output)
PM_ UCA2SIMO eUSCI_A2 SPI slave in master out (direction controlled by eUSCI)
11 PM_UCA2CLK eUSCI_A2 clock input/output (direction controlled by eUSCI)
12 PM_UCA2STE eUSCI_A2 SPI slave transmit enable (direction controlled by eUSCI)
13 PM_UCA3RXD eUSCI_A3 UART RXD (direction controlled by eUSCI — Input)
PM_UCA3sOMI eUSCI_A3 SPI slave out master in (direction controlled by eUSCI)
1 PM_UCA3TXD eUSCI_A3 UART TXD (direction controlled by eUSCI — Output)
PM_ UCA3SIMO eUSCI_A3 SPI slave in master out (direction controlled by eUSCI)
15 PM_UCA3CLK eUSCI_AS3 clock input/output (direction controlled by eUSCI)
16 PM_UCASSTE eUSCI_A3 SPI slave transmit enable (direction controlled by eUSCI)
17 PM_UCBOSIMO eUSCI_BO0 SPI slave in master out (direction controlled by eUSCI)
PM_UCBOSDA eUSCI_BO I12C data (open drain and direction controlled by eUSCI)
18 PM_UCBOSOMI eUSCI_BO SPI slave out master in (direction controlled by eUSCI)
PM_UCBOSCL eUSCI_BO 12C clock (open drain and direction controlled by eUSCI)
19 PM_UCBOCLK eUSCI_BO clock input/output (direction controlled by eUSCI)
20 PM_UCBOSTE eUSCI_BO SPI slave transmit enable (direction controlled by eUSCI)
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Table 6-11. Port Mapping Mnemonics and Functions (continued)

VALUE PxMAPy MNEMONIC INPUT PIN FUNCTION | OUTPUT PIN FUNCTION

PM_UCB1SIMO eUSCI_B1 SPI slave in master out (direction controlled by eUSCI)

2 PM_UCB1SDA eUSCI_B1 I12C data (open drain and direction controlled by eUSCI)

- PM_UCB1SOMI eUSCI_B1 SPI slave out master in (direction controlled by eUSCI)
PM_UCB1SCL eUSCI_B1 12C clock (open drain and direction controlled by eUSCI)

23 PM_UCB1CLK eUSCI_BL1 clock input/output (direction controlled by eUSCI)

24 PM_UCBISTE eUSCI_B1 SPI slave transmit enable (direction controlled by eUSCI)

25 PM_TAO0.0 TAO CCRO capture input CCIOA TAO CCRO compare output Out0

26 PM_TAO.1 TAO CCR1 capture input CCI1A TAO CCR1 compare output Outl

27 PM_TAO0.2 TAO CCR2 capture input CCI2A TAO CCR2 compare output Out2

28 PM_TA1.0 TA1 CCRO capture input CCIOA TA1 CCRO compare output OutO

29 PM_TA2.0 TA2 CCRO capture input CCIOA TA2 CCRO compare output OutO

30 PM_TA3.0 TA3 CCRO capture input CCIOA TA3 CCRO compare output OutO

31 (OFFh) @ PM_ANALOG ‘I?VE:I:JIg;;lr;/iengu;ﬁ;tlocgi\slgnaaﬁ the input Schmitt trigger to prevent parasitic cross currents

(1) The value of the PM_ANALOG mnemonic is set to OFFh. The port mapping registers are only 5 bits wide and the upper bits are ignored,

which results in

a read value of 31.

Table 6-12. Default Port Mapping

PIN NAME

PXMAPY

— 7 MNEMONIC INPUT PIN FUNCTION OUTPUT PIN FUNCTION
P2.0/PM_TAO0.0 P2.0/PM_TA0.0/COM4 PM_TAO0.0 TAO CCRO capture input CCIOA TAO CCRO compare output Out0
P2.1/PM_TAO.1 P2.1/PM_TA0.1/COM5 PM_TAO0.1 TAO CCR1 capture input CCI1A TAO CCR1 compare output Outl
P2.2/PM_TAO0.2 P2.2/PM_TA0.2/COM6 PM_TAO0.2 TAO CCR2 capture input CCI2A TAO CCR2 compare output Out2
P2.3/PM_TAL1.0 P2.3/PM_TA1.0/COM7 PM_TA1.0 TA1 CCRO capture input CCIOA TA1 CCRO compare output OutO
P2.4/PM_TA2.0 P1.1/PM_TA2.0/R23 PM_TA2.0 TA2 CCRO capture input CCIOA TA2 CCRO compare output OutO
P2.5/PM_UCBOSOMI/ P2.0/PM_UCBOSOMI/ PM_UCBOSOMI/ eUSCI_BO0 SPI slave out master in (direction controlled by eUSCI),
PM_UCBOSCL PM_UCBOSCL/R13 PM_UCBOSCL eUSCI_BO 12C clock (open drain and direction controlled by eUSCI)
P2.6/PM_UCBO0SIMO/ P2.6/PM_UCBO0SIMO/ PM_UCBOSIMO/ eUSCI_BO0 SPI slave in master out (direction controlled by eUSCI),
PM_UCBOSDA PM_UCBOSDA/RO3 PM_UCBOSDA eUSCI_BO 12C data (open drain and direction controlled by eUSCI)
P2.7/PM_UCBOCLK P2.7/PM_UCBOCLK/CB2 PM_UCBOCLK eUSCI_BO clock input/output (direction controlled by eUSCI)
P3.0/PM_UCAORXD/ P3.0/PM_UCAORXD/ PM_UCAORXD/ eUSCI_A0 UART RXD (direction controlled by eUSCI — input),
PM_UCAOSOMI PM_UCAOSOMI PM_UCAOSOMI eUSCI_AO SPI slave out master in (direction controlled by eUSCI)
P3.1/PM_UCAOTXD/ P3.1/PM_UCAOTXD/ PM_UCAOTXD/ eUSCI_AO0 UART TXD (direction controlled by eUSCI — output),
PM_UCAOSIMO PM_UCAOSIMO/S39 PM_UCAOSIMO eUSCI_AO0 SPI slave in master out (direction controlled by eUSCI)
P3.2/PM_UCAOCLK P3.2/PM_UCAOCLK/S38 PM_UCAOCLK eUSCI_AO clock input/output (direction controlled by eUSCI)
P3.3/PM_UCA1CLK P3.3/PM_UCA1CLK/S37 PM_UCA1CLK eUSCI_AL1 clock input/output (direction controlled by eUSCI)
P3.4/PM_UCA1RXD/ P3.4/PM_UCA1RXD/ PM_UCA1RXD/ eUSCI_A1 UART RXD (direction controlled by eUSCI — input),
PM_UCA1SOMI/ PM_UCA1SOMI/S36 PM_UCA1SOMI eUSCI_A1 SPI slave out master in (direction controlled by eUSCI)
P3.5/PM_UCA1TXD/ P3.5/PM_UCA1TXD/ PM_UCA1TXD/ eUSCI_A1 UART TXD (direction controlled by eUSCI — output),
PM_UCA1SIMO PM_UCA1SIMO/S35 PM_UCA1SIMO eUSCI_A1 SPI slave in master out (direction controlled by eUSCI)
P3.6/PM_UCA2RXD/ P3.6/PM_UCA2RXD/ PM_UCA2RXD/ eUSCI_A2 UART RXD (direction controlled by eUSCI — input),
PM_UCA2SOMI/ PM_UCA2SOMI/S34 PM_UCA2SOMI eUSCI_A2 SPI slave out master in (direction controlled by eUSCI)
P3.7/PM_UCA2TXD/ P3.7/PM_UCA2TXD/ PM_UCA2TXD/ eUSCI_A2 UART TXD (direction controlled by eUSCI — output),
PM_UCA2SIMO PM_UCA2SIMO/S33 PM_UCA2SIMO eUSCI_A2 SPI slave in master out (direction controlled by eUSCI)
P4.0/PM_UCA2CLK P4.0/PM_UCA2CLK/S32 PM_UCA2CLK eUSCI_A2 clock input/output (direction controlled by eUSCI)
P4.1/PM_UCA3RXD/ P4.1/PM_UCA3RXD/ PM_UCA3RXD/ eUSCI_A3 UART RXD (direction controlled by eUSCI — input),
PM_UCA3SOMI/ PM_UCA3SOMI/S31 PM_UCA3sOMI eUSCI_A3 SPI slave out master in (direction controlled by eUSCI)
P4.2/PM_UCA3TXD/ P4.2/PM_UCA3TXD/ PM_UCA3TXD/ eUSCI_A3 UART TXD (direction controlled by eUSCI — output),
PM_UCA3SIMO PM_UCA3SIMO/S30 PM_UCA3SIMO eUSCI_A3 SPI slave in master out (direction controlled by eUSCI)
P4.3/PM_UCA3CLK P4.3/PM_UCA3CLK/S29 PM_UCA3CLK eUSCI_AS3 clock input/output (direction controlled by eUSCI)
P4.4/PM_UCB1SOMI/ P4.4/PM_UCB1SOMI/ PM_UCB1SOMI/ eUSCI_B1 SPI slave out master in (direction controlled by eUSCI),
PM_UCB1SCL PM_UCB1SCL/S28 PM_UCB1SCL eUSCI_B1 I12C clock (open drain and direction controlled by eUSCI)
P4.5/PM_UCB1SIMO/ P4.5/PM_UCB1SIMO/ PM_UCB1SIMO/ eUSCI_B1 SPI slave in master out (direction controlled by eUSCI),
PM_UCB1SDA PM_UCB1SDA/S27 PM_UCB1SDA eUSCI_B1 12C data (open drain and direction controlled by eUSCI)
P4.6/PM_UCB1CLK P4.6/PM_UCB1CLK/S26 PM_UCB1CLK eUSCI_B1 clock input/output (direction controlled by eUSCI)
P4.7/PM_TA3.0 P4.7/PM_TA3.0/S25 PM_TA3.0 TA3 CCRO capture input CCIOA TA3 CCRO compare output OutO
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6.11.7 System Module (SYS) (Link to User's Guide)

The SYS module handles many of the system functions within the device. These include power on reset
and power up clear handling, NMI source selection and management, reset interrupt vector generators,
bootstrap loader entry mechanisms, and configuration management (device descriptors). It also includes a
data exchange mechanism using JTAG called a JTAG mailbox that can be used in the application.

Table 6-13. System Module Interrupt Vector Registers

INTERRUPT VECTOR REGISTER ADDRESS INTERRUPT EVENT VALUE PRIORITY
SYSRSTIV, System Reset 019Eh No interrupt pending 00h
Brownout (BOR) 02h Highest
RST/NMI (POR) 04h
DoBOR (BOR) 06h
Wakeup from LPMx.5 08h
Security violation (BOR) OAh
SVSL (POR) 0Ch
SVSH (POR) OEh
SVML_OVP (POR) 10h
SVMH_OVP (POR) 12h
DoPOR (POR) 14h
WDT timeout (PUC) 16h
WDT key violation (PUC) 18h
KEYV flash key violation (PUC) 1Ah
Reserved 1Ch
Peripheral area fetch (PUC) 1Eh
PMM key violation (PUC) 20h
Reserved 22h to 3Eh Lowest
SYSSNIV, System NMI 019Ch No interrupt pending 00h
SVMLIFG 02h Highest
SVMHIFG 04h
DLYLIFG 06h
DLYHIFG 08h
VMAIFG 0Ah
JMBINIFG 0Ch
JMBOUTIFG OEh
VLRLIFG 10h
VLRHIFG 12h
Reserved 14h to 1Eh Lowest
SYSUNIV, User NMI 019Ah No interrupt pending 00h
NMIFG 02h Highest
OFIFG 04h
ACCVIFG 06h
AUXSWGIFG 08h
Reserved OAh to 1Eh Lowest

6.11.8 Watchdog Timer (WDT_A) (Link to User's Guide)

The primary function of the watchdog timer is to perform a controlled system restart after a software
problem occurs. If the selected time interval expires, a system reset is generated. If the watchdog function
is not needed in an application, the timer can be configured as an interval timer and can generate
interrupts at selected time intervals.
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6.11.9 DMA Controller (Link to User's Guide)

The DMA controller allows movement of data from one memory address to another without CPU
intervention. For example, the DMA controller can be used to move data from the ADC10_A conversion
memory to RAM. Using the DMA controller can increase the throughput of peripheral modules. The DMA
controller reduces system power consumption by allowing the CPU to remain in sleep mode, without
having to awaken to move data to or from a peripheral.

Table 6-14. DMA Trigger Assignments®

TRIGGER CHANNEL
0 1 2

0 DMAREQ DMAREQ DMAREQ
1 TAOCCRO CCIFG TAOCCRO CCIFG TAOCCRO CCIFG
2 TAOCCR2 CCIFG TAOCCR2 CCIFG TAOCCR2 CCIFG
3 TALCCRO CCIFG TA1CCRO CCIFG TA1CCRO CCIFG
4 Reserved Reserved Reserved
5 TA2CCRO CCIFG TA2CCRO CCIFG TA2CCRO CCIFG
6 Reserved Reserved Reserved
7 TA3CCRO CCIFG TA3CCRO CCIFG TA3CCRO CCIFG
8 Reserved Reserved Reserved
9 Reserved Reserved Reserved
10 Reserved Reserved Reserved
11 Reserved Reserved Reserved
12 Reserved Reserved Reserved
13 SD24IFG SD24IFG SD24IFG
14 Reserved Reserved Reserved
15 Reserved Reserved Reserved
16 UCAORXIFG UCAORXIFG UCAORXIFG
17 UCAOTXIFG UCAOTXIFG UCAOTXIFG
18 UCALRXIFG UCAILRXIFG UCALRXIFG
19 UCALTXIFG UCALTXIFG UCALTXIFG
20 UCA2RXIFG UCA2RXIFG UCA2RXIFG
21 UCA2TXIFG UCA2TXIFG UCA2TXIFG
22 UCBORXIFGO UCBORXIFGO UCBORXIFGO
23 UCBOTXIFGO UCBOTXIFGO UCBOTXIFGO
24 ADC10IFGO ADC10IFGO ADC10IFGO
25 UCA3RXIFG UCA3RXIFG UCA3RXIFG
26 UCA3TXIFG UCAS3TXIFG UCA3TXIFG
27 UCB1RXIFGO UCB1RXIFGO UCB1RXIFGO
28 UCB1TXIFGO UCBI1TXIFGO UCB1TXIFGO
29 MPY ready MPY ready MPY ready
30 DMA2IFG DMAOIFG DMALIFG
31 Reserved Reserved Reserved

(1) Reserved DMA triggers may be used by other devices in the family. Reserved DMA triggers do not
cause any DMA trigger event when selected.
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6.11.10 CRCI16 (Link to User's Guide)

The CRC16 module produces a signature based on a sequence of entered data values and can be used
for data checking purposes. The CRC16 module signature is based on the CRC-CCITT standard.

6.11.11 Hardware Multiplier (Link to User's Guide)

The multiplication operation is supported by a dedicated peripheral module. The module performs
operations with 32-bit, 24-bit, 16-bit, and 8-bit operands. The module is capable of supporting signed and
unsigned multiplication as well as signed and unsigned multiply and accumulate operations.

6.11.12 Enhanced Universal Serial Communication Interface (eUSCI) (Links to User's
Guide: UART Mode, SPI Mode, 12C Mode)

The eUSCI module is used for serial data communication. The eUSCI module supports synchronous
communication protocols such as SPI (3 or 4 pin) and 1°C, and asynchronous communication protocols
such as UART, enhanced UART with automatic baudrate detection, and IrDA.

The eUSCI_An module provides support for SPI (3 or 4 pin), UART, enhanced UART, and IrDA.

The eUSCI_Bn module provides support for SPI (3 or 4 pin) and 12C.
Four eUSCI_A and two eUSCI_B module are implemented in MSP430F67xx1A devices.

6.11.13 ADC10_A (Link to User's Guide)

The ADC10_A module supports fast, 10-bit analog-to-digital conversions. The module implements a 10-bit
SAR core, sample select control, reference generator and a conversion results buffer. A window
comparator with a lower and upper limit allows CPU independent result monitoring with three window
comparator interrupt flags.

6.11.14 SD24 B (Link to User's Guide)

The SD24 B module integrates up to seven independent 24-bit sigma-delta ADCs. Each converter is
designed with a fully differential analog input pair and programmable gain amplifier input stage. Also the
converters are based on second-order over-sampling sigma-delta modulators and digital decimation filters.
The decimation filters are comb type filters with selectable oversampling ratios of up to 1024.
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6.11.15 TAO (Link to User's Guide)

TAO is a 16-bit timer/counter (Timer_A type) with three capture/compare registers. TAO can support
multiple capture/compares, PWM outputs, and interval timing. TAO also has extensive interrupt
capabilities. Interrupts may be generated from the counter on overflow conditions and from each of the
capture/compare registers.

Table 6-15. TAO Signal Connections

DEVICE INPUT MODULE INPUT MODULE OUTPUT
SIGNAL NAME MODULE BLOCK SIGNAL DEVICE OUTPUT SIGNAL
PM_TACLK TACLK
ACLK (internal) ACLK .
- Timer NA NA
SMCLK (internal) SMCLK
PM_TACLK INCLK
PM_TAO0.0 CCIOA PM_TAO0.0
CBOUT (Internal) CCloB
CCRO TAO
DVSS GND
DvcCcC VCC
PM_TAO0.1 CCI1A PM_TAO0.1
. ADC10_A (internal)
ACLK (internal) CCl1B ADC10SHSX = 001b
CCR1 TA1l SD24_B (int )
B (internal
DVSS GND SD24CHx.SD24SCSx = 001b
DvcCcC VCC
PM_TAO0.2 CCI2A PM_TAO0.2
DVSS CCi2B
CCR2 TA2
DVSS GND
DvcCcC VCC

6.11.16 TA1l (Link to User's Guide)

TA1 is a 16-bit timer/counter (Timer_A type) with two capture/compare registers. TA1 can support multiple
capture/compares, PWM outputs, and interval timing. TA1 also has extensive interrupt capabilities.
Interrupts may be generated from the counter on overflow conditions and from each of the

capture/compare registers.

Table 6-16. TA1 Signal Connections

DEVICE OUTPUT
DEVICE INPUT SIGNAL | MODULE INPUT NAME MODULE BLOCK MODg'I‘gN?ALiTPUT SIGNAL
Pz
PM_TACLK TACLK
ACLK (internal) ACLK .
- Timer NA NA
SMCLK (internal) SMCLK
PM_TACLK INCLK
PM_TA1.0 CCIOA PM_TA1.0
CBOUT (Internal) CcCloB
CCRO TAO
DVSS GND
DVCC VCC
PM_TAl1l.1 CCI1A PM_TAl1l.1
ACLK (internal) CCl1B
CCR1 TAl
DVSS GND
DVCC VCC
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6.11.17 TAZ2 (Link to User's Guide)

TAZ2 is a 16-bit timer/counter (Timer_A type) with two capture/compare registers. TA2 can support multiple
capture/compares, PWM outputs, and interval timing. TA2 also has extensive interrupt capabilities.
Interrupts may be generated from the counter on overflow conditions and from each of the
capture/compare registers.

Table 6-17. TA2 Signal Connections

DEVICE INPUT MODULE INPUT MODULE OUTPUT
SIGNAL NAME MODULE BLOCK SIGNAL DEVICE OUTPUT SIGNAL
PM_TACLK TACLK
ACLK (internal) ACLK .
- Timer NA NA
SMCLK (internal) SMCLK
PM_TACLK INCLK
PM_TA2.0 CCIOA PM_TA2.0
CBOUT (Internal) CCloB
CCRO TAO
DVSS GND
DVCC VCC
PM_TA2.1 CCI1A PM_TA2.1
. SD24_B (internal)
ACLK (internal) cens CCR1 TAL SD24CHx.SD24SCSx = 010b
DVSS GND
DVCC vCC

6.11.18 TA3 (Link to User's Guide)

TA3 is a 16-bit timer/counter (Timer_A type) with two capture/compare registers. TA3 can support multiple
capture/compares, PWM outputs, and interval timing. TA3 also has extensive interrupt capabilities.
Interrupts may be generated from the counter on overflow conditions and from each of the
capture/compare registers.

Table 6-18. TA3 Signal Connections

DE\QI((:;ENL’:‘EUT MODH!&EE\‘PUT MODULE BLOCK MODLéII'CI;EN?ALIJ_TPUT DEVICE OUTPUT SIGNAL
PM_TACLK TACLK
ACLK (internal) ACLK )
SMCLK (internal) SMCLK Timer NA
PM_TACLK INCLK
PM_TA3.0 CCI0A PM_TA3.0
CBOUT (Internal) ccioB coro Ao ACo A lnetna)
DVSS GND
DvVCC VCC
PM_TA3.1 CCI1A PM_TA3.1
ACLK (internal) cciiB CCR1 TAL SD24§3§2_IDBZE{EIE?SE 011b
DVSS GND
DvVCC VCC
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6.11.19 SD24 B Triggers

Table 6-19 shows the input trigger connections to SD24 B converters from Timer_A modules and output

trigger pulse connection from SD24 B to ADC10_A.

Table 6-19. SD24 B Input/Output Trigger Connections

DEVICE INPUT SIGNAL

MODULE INPUT SIGNAL

MODULE BLOCK

MODULE OUTPUT
SIGNAL

DEVICE OUTPUT
SIGNAL

TA3.1 (internal)

_ SD24 B
TAO.1 (internal) SD24CHx.SD24SCSx = 001b
. SD24 B
TA2.1 (internal) SD24CHx.SD245CSx = 010b
SD24 B

SD24CHx.SD24SCSx = 011b

SD24_B

Trigger Pulse

ADC10_A (internal)
ADC10SHSx = 011b

6.11.20 ADC10_A Triggers
Table 6-20 shows input trigger connections to ADC10_A from Timer_A modules and SD24_B.

Table 6-20. ADC10_A Input Trigger Connections

MODULE BLOCK

ADC10_A

DEVICE INPUT SIGNAL MODULE INPUT SIGNAL
. ADC10_A
TA0.1 (internal) ADC10SHSX = 001b
) ADC10_A
TA3.0 (internal) ADC10SHSX = 010b
SD24 B ADC10_A
trigger pulse (internal) ADC10SHSx = 011b

6.11.21 Real-Time Clock (RTC_C) (Link to User's Guide)

The RTC_C module can be configured for real-time clock (RTC) and calendar mode providing seconds,
hours, day of week, day of month, month, and year. The RTC_C control and configuration registers are
password protected to ensure clock integrity against run away code. Calendar mode integrates an internal
calendar that compensates for months with less than 31 days and includes leap year correction. The
RTC_C also supports flexible alarm functions, offset calibration, temperature compensation and time
capture on two external events. The RTC_C on this device operates on dedicated AUXVCC3 supply and
supports operation in LPM3.5.

6.11.22 REF Voltage Reference (Link to User's Guide)

The reference module (REF) is responsible for generation of all critical reference voltages that can be
used by the various analog peripherals in the device. These include the ADC10_A, LCD_C, and SD24 B
modules.

6.11.23 LCD_C (Link to User's Guide)

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

6.11.24 Comparator_B (Link to User's Guide)

The primary function of the Comparator B module is to support precision slope analog-to-digital
conversions, battery voltage supervision, and monitoring of external analog signals.
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6.11.25 Embedded Emulation Module (EEM) (Link to User's Guide)

The Embedded Emulation Module (EEM) supports real-time in-system debugging. The L version of the
EEM implemented on all devices has the following features:

6.11.26

Eight hardware triggers or breakpoints on memory access

Two hardware triggers or breakpoints on CPU register write access

Up to ten hardware triggers can be combined to form complex triggers or breakpoints
Two cycle counters

Sequencer

State storage

Clock control on module level

Peripheral File Map

Table 6-21 shows the base address for each peripheral's registers. Table 6-22 through Table 6-63 show
the offset addresses for each register. For complete description of these registers, see the MSP430x5xx
and MSP430x6xx Family User's Guide (SLAU208).

Table 6-21. Peripherals

MODULE NAME BASE ADDRESS OFFSERLQgERESS

Special Functions (see Table 6-22) 0100h 000h-01Fh
PMM (see Table 6-23) 0120h 000h-01Fh
Flash Control (see Table 6-24) 0140h 000h-00Fh
CRC16 (see Table 6-25) 0150h 000h-007h
RAM Control (see Table 6-26) 0158h 000h-001h
Watchdog (see Table 6-27) 015Ch 000h-001h
UCS (see Table 6-28) 0160h 000h-01Fh
SYS (see Table 6-29) 0180h 000h-01Fh
Shared Reference (see Table 6-30) 01BOh 000h-001h
Port Mapping Control (see Table 6-31) 01COh 000h-007h
Port Mapping Port P2 (see Table 6-32) 01DOh 000h-007h
Port Mapping Port P3 (see Table 6-33) 01D8h 000h-007h
Port Mapping Port P4 (see Table 6-34) 01EOh 000h-007h
Port P1, P2 (see Table 6-35) 0200h 000h-01Fh
Port P3, P4 (see Table 6-36) 0220h 000h-00Bh
Port P5, P6 (see Table 6-37) 0240h 000h-00Bh
Port P7, P8 (see Table 6-38) 0260h 000h-00Bh
(Ports PS)P::\)rr1t(:iPF?:’LCl)3 igt(z\elgilgzltgeines; )package) 0280h 000h-00Bh
(Port Pplolrtn'(p)g. i\/(asﬁaeblTeait;:ePGZ i)(e)l)ckage) 02A0h 000h-00Bh
Port PJ (see Table 6-41) 0320h 000h-01Fh
Timer TAO (see Table 6-42) 0340h 000h-03Fh
Timer TAL (see Table 6-43) 0380h 000h-03Fh
Timer TA2 (see Table 6-44) 0400h 000h-03Fh
Timer TA3 (see Table 6-45) 0440h 000h-03Fh
Backup Memory (see Table 6-46) 0480h 000h-00Fh
32-Bit Hardware Multiplier (see Table 6-48) 04COh 000h-02Fh
DMA General Control (see Table 6-49) 0500h 000h-00Fh
DMA Channel 0 (see Table 6-50) 0500h 010h-01Fh
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Table 6-21. Peripherals (continued)

MODULE NAME BASE ADDRESS OFFSERLQgERESS
DMA Channel 1 (see Table 6-51) 0500h 020h-02Fh
DMA Channel 2 (see Table 6-52) 0500h 030h-03Fh
RTC_C (see Table 6-47) 0C80h 000h-03Fh
eUSCI_AO (see Table 6-53) 05CO0h 000h-01Fh
eUSCI_AL1 (see Table 6-54) 05EOh 000h-01Fh
eUSCI_A2 (see Table 6-55) 0600h 000h-01Fh
eUSCI_A3 (see Table 6-56) 0620h 000h-01Fh
eUSCI_BO (see Table 6-57) 0640h 000h-02Fh
eUSCI_B1 ( see Table 6-58) 0680h 000h-02Fh
ADC10_A (see Table 6-59) 0740h 000h-01Fh
SD24_B(see Table 6-60) 0800h 000h-06Fh
Comparator_B (see Table 6-61) 08CO0Oh 000h-00Fh
Auxiliary Supply (see Table 6-62) 09EOh 000h-01Fh
LCD_C (see Table 6-63) 0AO0Oh 000h-05Fh
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Table 6-22. Special Function Registers (Base Address: 0100h)

REGISTER DESCRIPTION REGISTER OFFSET
SFR interrupt enable SFRIE1 00h
SFR interrupt flag SFRIFG1 02h
SFR reset pin control SFRRPCR 04h

Table 6-23. PMM Registers (Base Address: 0120h)

REGISTER DESCRIPTION REGISTER OFFSET
PMM Control 0 PMMCTLO 00h
PMM control 1 PMMCTL1 02h
SVS high side control SVSMHCTL 04h
SVS low side control SVSMLCTL 06h
PMM interrupt flags PMMIFG 0Ch
PMM interrupt enable PMMIE OEh
PMM Power Mode 5 control register 0 PM5CTLO 10h

Table 6-24. Flash Control Registers (Base Address: 0140h)

REGISTER DESCRIPTION REGISTER OFFSET
Flash control 1 FCTL1 00h
Flash control 3 FCTL3 04h
Flash control 4 FCTL4 06h

Table 6-25. CRC16 Registers (Base Address: 0150h)

REGISTER DESCRIPTION REGISTER OFFSET
CRC data input CRC16DI 00h
CRC result CRCINIRES 04h

Table 6-26. RAM Control Registers (Base Address: 0158h)

REGISTER DESCRIPTION REGISTER OFFSET

RAM control 0 RCCTLO 00h
Table 6-27. Watchdog Registers (Base Address: 015Ch)

REGISTER DESCRIPTION REGISTER OFFSET

Watchdog timer control WDTCTL 00h
Table 6-28. UCS Registers (Base Address: 0160h)

REGISTER DESCRIPTION REGISTER OFFSET
UCS control 0 UCSCTLO 00h
UCS control 1 UCSCTL1 02h
UCS control 2 UCSCTL2 04h
UCS control 3 UCSCTL3 06h
UCS control 4 UCSCTL4 08h
UCS control 5 UCSCTL5 0Ah
UCS control 6 UCSCTL6 0Ch
UCS control 7 UCSCTL7 OEh
UCS control 8 UCSCTLS 10h
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Table 6-29. SYS Registers (Base Address: 0180h)

REGISTER DESCRIPTION REGISTER OFFSET
System control SYSCTL 00h
Bootstrap loader configuration area SYSBSLC 02h
JTAG mailbox control SYSJMBC 06h
JTAG mailbox input 0 SYSJMBIO 08h
JTAG mailbox input 1 SYSJMBI1 0Ah
JTAG mailbox output 0 SYSJMBOO 0Ch
JTAG mailbox output 1 SYSJMBO1 OEh
Bus Error vector generator SYSBERRIV 18h
User NMI vector generator SYSUNIV 1Ah
System NMI vector generator SYSSNIV 1Ch
Reset vector generator SYSRSTIV 1Eh
Table 6-30. Shared Reference Registers (Base Address: 01B0h)
REGISTER DESCRIPTION REGISTER OFFSET
Shared reference control REFCTL 00h
Table 6-31. Port Mapping Controller (Base Address: 01CO0Oh)
REGISTER DESCRIPTION REGISTER OFFSET
Port mapping password register PMAPPWD 00h
Port mapping control register PMAPCTL 02h
Table 6-32. Port Mapping for Port P2 (Base Address: 01D0h)
REGISTER DESCRIPTION REGISTER OFFSET
Port P2.0 mapping register P2MAPO 00h
Port P2.1 mapping register P2MAP1 01h
Port P2.2 mapping register P2MAP2 02h
Port P2.3 mapping register P2MAP3 03h
Port P2.4 mapping register P2MAP4 04h
Port P2.5 mapping register P2MAP5 05h
Port P2.6 mapping register P2MAP6 06h
Port P2.7 mapping register P2MAP7 07h
Table 6-33. Port Mapping for Port P3 (Base Address: 01D8h)
REGISTER DESCRIPTION REGISTER OFFSET
Port P3.0 mapping register P3MAPO 00h
Port P3.1 mapping register P3MAP1 01h
Port P3.2 mapping register P3MAP2 02h
Port P3.3 mapping register P3MAP3 03h
Port P3.4 mapping register P3MAP4 04h
Port P3.5 mapping register P3MAP5 05h
Port P3.6 mapping register P3MAP6 06h
Port P3.7 mapping register P3MAP7 07h
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Table 6-34. Port Mapping for Port P4 (Base Address: 01EQh)
REGISTER DESCRIPTION REGISTER OFFSET
Port P4.0 mapping register PAMAPO 00h
Port P4.1 mapping register PAMAP1 01h
Port P4.2 mapping register PAMAP2 02h
Port P4.3 mapping register PAMAP3 03h
Port P4.4 mapping register PAMAP4 04h
Port P4.5 mapping register PAMAPS 05h
Port P4.6 mapping register PAMAP6 06h
Port P4.7 mapping register PAMAP7 07h
Table 6-35. Port P1, P2 Registers (Base Address: 0200h)
REGISTER DESCRIPTION REGISTER OFFSET
Port P1 input P1IN 00h
Port P1 output P1OUT 02h
Port P1 direction P1DIR 04h
Port P1 pullup/pulldown enable P1REN 06h
Port P1 drive strength P1DS 08h
Port P1 selection 0 P1SELO 0Ah
Port P1 selection 1 P1SEL1 0Ch
Port P1 interrupt vector word P1IV OEh
Port P1 interrupt edge select P1lIES 18h
Port P1 interrupt enable PlIE 1Ah
Port P1 interrupt flag P1IFG 1Ch
Port P2 input P2IN 01h
Port P2 output P20OUT 03h
Port P2 direction P2DIR 05h
Port P2 pullup/pulldown enable P2REN 07h
Port P2 drive strength P2DS 09h
Port P2 selection 0 P2SELO 0Bh
Port P2 selection 1) P2SEL1 0Dh
Port P2 interrupt vector word P21V 1Eh
Port P2 interrupt edge select P2IES 19h
Port P2 interrupt enable P2IE 1Bh
Port P2 interrupt flag P2IFG 1Dh
(1) P2SEL1 is an empty control register to be consistent with P1SEL1 in 16-bit access.
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Table 6-36. Port P3, P4 Registers (Base Address: 0220h)

REGISTER DESCRIPTION REGISTER OFFSET
Port P3 input P3IN 00h
Port P3 output P30OUT 02h
Port P3 direction P3DIR 04h
Port P3 pullup/pulldown enable P3REN 06h
Port P3 drive strength P3DS 08h
Port P3 selection 0 P3SELO 0Ah
Port P4 input P4IN 01h
Port P4 output P4OUT 03h
Port P4 direction P4DIR 05h
Port P4 pullup/pulldown enable PAREN 07h
Port P4 drive strength P4DS 0%h
Port P4 selection 0 P4SELO 0Bh

Table 6-37. Port P5, P6 Registers (Base Address: 0240h)

REGISTER DESCRIPTION REGISTER OFFSET
Port P5 input P5IN 00h
Port P5 output P50UT 02h
Port P5 direction P5DIR 04h
Port P5 pullup/pulldown enable P5REN 06h
Port P5 drive strength P5DS 08h
Port P5 selection 0 P5SELO 0Ah
Port P5 selection 1 P5SEL1 0Ch
Port P6 input P6IN 01h
Port P6 output P6OUT 03h
Port P6 direction P6DIR 05h
Port P6 pullup/pulldown enable P6REN 07h
Port P6 drive strength P6DS 09h
Port P6 selection 0 P6SELO 0Bh
Port P6 selection 1% P6SEL1 oDh
(1) P6SELL1 is an empty control register to be consistent with P5SSEL1 in 16-bit access.

Table 6-38. Port P7, P8 Registers (Base Address: 0260h)

REGISTER DESCRIPTION REGISTER OFFSET
Port P7 input P7IN 00h
Port P7 output P70OUT 02h
Port P7 direction P7DIR 04h
Port P7 pullup/pulldown enable P7REN 06h
Port P7 drive strength P7DS 08h
Port P7 selection 0 P7SELO 0Ah
Port P8 input P8IN 01lh
Port P8 output P8OUT 03h
Port P8 direction P8DIR 05h
Port P8 pullup/pulldown enable P8REN 07h
Port P8 drive strength P8DS 09h
Port P8 selection 0 P8SELO 0Bh
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Table 6-39. Port P9, P10 Registers (Base Address: 0280h)

REGISTER DESCRIPTION REGISTER OFFSET
Port P9 input P9IN 00h
Port P9 output POOUT 02h
Port P9 direction PIDIR 04h
Port P9 pullup/pulldown enable PO9REN 06h
Port P9 drive strength PIODS 08h
Port P9 selection 0 P9SELO 0Ah
Port P10 input P10IN 01h
Port P10 output P100OUT 03h
Port P10 direction P10DIR 05h
Port P10 pullup/pulldown enable P10REN 07h
Port P10 drive strength P10DS 0%h
Port P10 selection 0 P10SELO 0Bh

Table 6-40. Port 11 Registers (Base Address: 02A0h)

REGISTER DESCRIPTION REGISTER OFFSET
Port P11 input P11IN 00h
Port P11 output P110UT 02h
Port P11 direction P11DIR 04h
Port P11 pullup/pulldown enable P11REN 06h
Port P11 drive strength P11DS 08h
Port P11 selection 0 P11SELO 0Ah

Table 6-41. Port J Registers (Base Address: 0320h)

REGISTER DESCRIPTION REGISTER OFFSET
Port PJ input PJIN 00h
Port PJ output PJOUT 02h
Port PJ direction PJDIR 04h
Port PJ pullup/pulldown enable PJREN 06h
Port PJ drive strength PJDS 08h
Port PJ selection PJSEL 0Ah

Table 6-42. TAO Registers (Base Address: 0340h)

REGISTER DESCRIPTION REGISTER OFFSET
TAO control TAOCTL 00h
Capture/compare control 0 TAOCCTLO 02h
Capture/compare control 1 TAOCCTL1 04h
Capture/compare control 2 TAOCCTL2 06h
TAO counter register TAOR 10h
Capture/compare register 0 TAOCCRO 12h
Capture/compare register 1 TAOCCR1 14h
Capture/compare register 2 TAOCCR2 16h
TAO expansion register 0 TAOEXO 20h
TAO interrupt vector TAOIV 2Eh
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Table 6-43. TA1 Registers (Base Address: 0380h)

REGISTER DESCRIPTION REGISTER OFFSET
TAL control TALCTL 00h
Capture/compare control 0 TA1CCTLO 02h
Capture/compare control 1 TA1CCTL1 04h
TA1 counter register TALIR 10h
Capture/compare register 0 TA1CCRO 12h
Capture/compare register 1 TA1CCR1 14h
TA1 expansion register O TAL1EXO 20h
TA1 interrupt vector TA1IV 2Eh

Table 6-44. TA2 Registers (Base Address: 0400h)

REGISTER DESCRIPTION REGISTER OFFSET
TA2 control TA2CTL 00h
Capture/compare control 0 TA2CCTLO 02h
Capture/compare control 1 TA2CCTL1 04h
TA2 counter register TA2R 10h
Capture/compare register 0 TA2CCRO 12h
Capture/compare register 1 TA2CCR1 14h
TA2 expansion register O TA2EXO 20h
TAZ2 interrupt vector TA2IV 2Eh

Table 6-45. TA3 Registers (Base Address: 0440h)

REGISTER DESCRIPTION REGISTER OFFSET
TA3 control TA3CTL 00h
Capture/compare control 0 TA3CCTLO 02h
Capture/compare control 1 TA3CCTL1 04h
TAS3 counter register TA3R 10h
Capture/compare register 0 TA3CCRO 12h
Capture/compare register 1 TA3CCR1 14h
TAS3 expansion register 0 TA3EXO 20h
TAS interrupt vector TA3IV 2Eh

Table 6-46. Backup Memory Registers (Base Address: 0480h)

REGISTER DESCRIPTION REGISTER OFFSET
Backup Memory 0 BAKMEMO 00h
Backup Memory 1 BAKMEM1 02h
Backup Memory 2 BAKMEM2 04h
Backup Memory 3 BAKMEM3 06h
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Table 6-47. RTC_C Registers (Base Address: 0C80h)

REGISTER DESCRIPTION REGISTER OFFSET
RTC control 0 RTCCTLO 00h
RTC password RTCPWD 01h
RTC control 1 RTCCTL1 02h
RTC control 3 RTCCTL3 03h
RTC offset calibration RTCOCAL 04h
RTC temperature compensation RTCTCMP 06h
RTC prescaler 0 control RTCPSOCTL 08h
RTC prescaler 1 control RTCPS1CTL 0Ah
RTC prescaler 0 RTCPSO 0Ch
RTC prescaler 1 RTCPS1 0Dh
RTC interrupt vector word RTCIV OEh
RTC seconds RTCSEC 10h
RTC minutes RTCMIN 11h
RTC hours RTCHOUR 12h
RTC day of week RTCDOW 13h
RTC days RTCDAY 14h
RTC month RTCMON 15h
RTC year RTCYEAR 16h
RTC alarm minutes RTCAMIN 18h
RTC alarm hours RTCAHOUR 19h
RTC alarm day of week RTCADOW 1Ah
RTC alarm days RTCADAY 1Bh
Binary-to-BCD conversion register BIN2BCD 1Ch
BCD-to-Binary conversion register BCD2BIN 1Eh
Real-Time Clock Time Capture Control Register RTCTCCTL 20h
Tamper Detect Pin 0 Control Register RTCCAPOCTL 21h
Tamper Detect Pin 1 Control Register RTCCAP1CTL 22h
RTC seconds Backup Register 0 RTCSECBAKO 30h
RTC minutes Backup Register 0 RTCMINBAKO 31h
RTC hours Backup Register 0 RTCHOURBAKO 32h
RTC days Backup Register 0 RTCDAYBAKO 33h
RTC month Backup Register O RTCMONBAKO 34h
RTC year Backup Register 0 RTCYEARBAKO 36h
RTC seconds Backup Register 1 RTCSECBAK1 38h
RTC minutes Backup Register 1 RTCMINBAK1 3%9h
RTC hours Backup Register 1 RTCHOURBAK1 3Ah
RTC days Backup Register 1 RTCDAYBAK1 3Bh
RTC month Backup Register 1 RTCMONBAK1 3Ch
RTC year Backup Register 1 RTCYEARBAK1 3Eh
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Table 6-48. 32-Bit Hardware Multiplier Registers (Base Address: 04C0h)

REGISTER DESCRIPTION REGISTER OFFSET
16-bit operand 1 — multiply MPY 00h
16-bit operand 1 — signed multiply MPYS 02h
16-bit operand 1 — multiply accumulate MAC 04h
16-bit operand 1 — signed multiply accumulate MACS 06h
16-bit operand 2 oP2 08h
16 x 16 result low word RESLO 0Ah
16 x 16 result high word RESHI 0Ch
16 x 16 sum extension register SUMEXT OEh
32-bit operand 1 — multiply low word MPY32L 10h
32-bit operand 1 — multiply high word MPY32H 12h
32-bit operand 1 — signed multiply low word MPYS32L 14h
32-bit operand 1 — signed multiply high word MPYS32H 16h
32-bit operand 1 — multiply accumulate low word MAC32L 18h
32-bit operand 1 — multiply accumulate high word MAC32H 1Ah
32-bit operand 1 — signed multiply accumulate low word MACS32L 1Ch
32-bit operand 1 — signed multiply accumulate high word MACS32H 1Eh
32-bit operand 2 — low word OoP2L 20h
32-bit operand 2 — high word OP2H 22h
32 x 32 result 0 — least significant word RESO 24h
32 x32result1 RES1 26h
32 x 32 result 2 RES2 28h
32 x 32 result 3 — most significant word RES3 2Ah
MPY32 control register 0 MPY32CTLO 2Ch

Table 6-49. DMA General Control Registers (Base Address: 0500h)

REGISTER DESCRIPTION REGISTER OFFSET
DMA module control 0 DMACTLO 00h
DMA module control 1 DMACTL1 02h
DMA module control 2 DMACTL2 04h
DMA module control 3 DMACTL3 06h
DMA module control 4 DMACTL4 08h
DMA interrupt vector DMAIV OEh

Table 6-50. DMA Channel 0 Registers (Base Address: 0500h)

REGISTER DESCRIPTION REGISTER OFFSET
DMA channel 0 control DMAOCTL 10h
DMA channel 0 source address low DMAOSAL 12h
DMA channel 0 source address high DMAOSAH 14h
DMA channel 0 destination address low DMAODAL 16h
DMA channel 0 destination address high DMAODAH 18h
DMA channel 0 transfer size DMA0SZ 1Ah
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Table 6-51. DMA Channel 1 Registers (Base Address: 0500h)

REGISTER DESCRIPTION REGISTER OFFSET
DMA channel 1 control DMA1CTL 20h
DMA channel 1 source address low DMA1SAL 22h
DMA channel 1 source address high DMA1SAH 24h
DMA channel 1 destination address low DMA1DAL 26h
DMA channel 1 destination address high DMA1DAH 28h
DMA channel 1 transfer size DMA1SZ 2Ah

Table 6-52. DMA Channel 2 Registers (Base Address: 0500h)

REGISTER DESCRIPTION REGISTER OFFSET
DMA channel 2 control DMA2CTL 30h
DMA channel 2 source address low DMA2SAL 32h
DMA channel 2 source address high DMA2SAH 34h
DMA channel 2 destination address low DMA2DAL 36h
DMA channel 2 destination address high DMA2DAH 38h
DMA channel 2 transfer size DMA2SZ 3Ah

Table 6-53. eUSCI_AO Registers (Base Address: 05C0h)

REGISTER DESCRIPTION REGISTER OFFSET
USCI_A control word 0 UCAOCTLWO 00h
USCI _A control word 1 UCAOCTLW1 02h
USCI_A baud rate 0 UCAOBRO 06h
USCI_A baud rate 1 UCAOBR1 07h
USCI_A modulation control UCAOMCTLW 08h
USCI_A status UCAOSTAT 0Ah
USCI_A receive buffer UCAORXBUF 0Ch
USCI_A transmit buffer UCAOTXBUF OEh
USCI_A LIN control UCAOABCTL 10h
USCI_A IrDA transmit control UCAOIRTCTL 12h
USCI_A IrDA receive control UCAOIRRCTL 13h
USCI_A interrupt enable UCAOIE 1Ah
USCI_A interrupt flags UCAOIFG 1Ch
USCI_A interrupt vector word UCAOIV 1Eh
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Table 6-54. eUSCI_A1 Registers (Base Address:05E0h)

REGISTER DESCRIPTION REGISTER OFFSET
USCI_A control word 0 UCAL1CTLWO 00h
USCI _A control word 1 UCAL1CTLW1 02h
USCI_A baud rate 0 UCA1BRO 06h
USCI_A baud rate 1 UCA1BR1 07h
USCI_A modulation control UCALIMCTLW 08h
USCI_A status UCALSTAT 0Ah
USCI_A receive buffer UCA1RXBUF 0Ch
USCI_A transmit buffer UCAL1TXBUF OEh
USCI_A LIN control UCA1ABCTL 10h
USCI_A IrDA transmit control UCALIRTCTL 12h
USCI_A IrDA receive control UCALIRRCTL 13h
USCI_A interrupt enable UCALIE 1Ah
USCI_A interrupt flags UCALIFG 1Ch
USCI_A interrupt vector word UCALIV 1Eh
Table 6-55. eUSCI_A2 Registers (Base Address:0600h)
REGISTER DESCRIPTION REGISTER OFFSET
USCI_A control word 0 UCA2CTLWO 00h
USCI _A control word 1 UCA2CTLW1 02h
USCI_A baud rate 0 UCA2BRO 06h
USCI_A baud rate 1 UCA2BR1 07h
USCI_A modulation control UCA2MCTLW 08h
USCI_A status UCA2STAT 0Ah
USCI_A receive buffer UCA2RXBUF 0Ch
USCI_A transmit buffer UCA2TXBUF OEh
USCI_A LIN control UCA2ABCTL 10h
USCI_A IrDA transmit control UCA2IRTCTL 12h
USCI_A IrDA receive control UCAZ2IRRCTL 13h
USCI_A interrupt enable UCAZ2IE 1Ah
USCI_A interrupt flags UCA2IFG 1Ch
USCI_A interrupt vector word UCA2IV 1Eh
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Table 6-56. eUSCI_A3 Registers (Base Address: 0620h)

REGISTER DESCRIPTION REGISTER OFFSET
USCI_A control word 0 UCA2CTLWO 00h
USCI _A control word 1 UCA2CTLW1 02h
USCI_A baud rate 0 UCA2BRO 06h
USCI_A baud rate 1 UCA2BR1 07h
USCI_A modulation control UCA2MCTLW 08h
USCI_A status UCA2STAT 0Ah
USCI_A receive buffer UCA2RXBUF 0Ch
USCI_A transmit buffer UCA2TXBUF OEh
USCI_A LIN control UCA2ABCTL 10h
USCI_A IrDA transmit control UCA2IRTCTL 12h
USCI_A IrDA receive control UCA2IRRCTL 13h
USCI_A interrupt enable UCA2IE 1Ah
USCI_A interrupt flags UCA2IFG 1Ch
USCI_A interrupt vector word UCA21V 1Eh
Table 6-57. eUSCI_BO Registers (Base Address: 0640h)
REGISTER DESCRIPTION REGISTER OFFSET
USCI_B control word 0 UCBOCTLWO 00h
USCI_B control word 1 UCBOCTLW1 02h
USCI_B bit rate 0 UCBOBRO 06h
USCI_B bit rate 1 UCBOBR1 07h
USCI_B status word UCBOSTATW 08h
USCI_B byte counter threshold UCBOTBCNT 0Ah
USCI_B receive buffer UCBORXBUF 0Ch
USCI_B transmit buffer UCBOTXBUF OEh
USCI_B 12C own address 0 UCBOI2COA0 14h
USCI_B 12C own address 1 UCBOI2COA1 16h
USCI_B 12C own address 2 UCBOI2COA2 18h
USCI_B 12C own address 3 UCBOI2COA3 1Ah
USCI_B received address UCBOADDRX 1Ch
USCI_B address mask UCBOADDMASK 1Eh
USCI 12C slave address UCBOI2CSA 20h
USCI interrupt enable UCBOIE 2Ah
USCI interrupt flags UCBOIFG 2Ch
USCI interrupt vector word ucBoIv 2Eh
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Table 6-58. eUSCI_B1 Registers (Base Address: 0680h)

REGISTER DESCRIPTION REGISTER OFFSET
USCI_B control word 0 UCBOCTLWO 00h
USCI_B control word 1 UCBOCTLW1 02h
USCI_B bit rate 0 UCBOBRO 06h
USCI_B bit rate 1 UCBOBR1 07h
USCI_B status word UCBOSTATW 08h
USCI_B byte counter threshold UCBOTBCNT 0Ah
USCI_B receive buffer UCBORXBUF 0Ch
USCI_B transmit buffer UCBOTXBUF OEh
USCI_B 12C own address 0 UCBO0I2COAO 14h
USCI_B 12C own address 1 UCBOI2COA1 16h
USCI_B 12C own address 2 UCBOI2COA2 18h
USCI_B 12C own address 3 UCBOI2COA3 1Ah
USCI_B received address UCBOADDRX 1Ch
USCI_B address mask UCBOADDMASK 1Eh
USCI 12C slave address UCBO0I2CSA 20h
USCI interrupt enable UCBOIE 2Ah
USCI interrupt flags UCBOIFG 2Ch
USCI interrupt vector word UCBOIV 2Eh
Table 6-59. ADC10_A Registers (Base Address: 0740h)
REGISTER DESCRIPTION REGISTER OFFSET
ADC10_A Control register 0 ADC10CTLO 00h
ADC10_A Control register 1 ADC10CTL1 02h
ADC10_A Control register 2 ADC10CTL2 04h
ADC10_A Window Comparator Low Threshold ADC10LO 06h
ADC10_A Window Comparator High Threshold ADC10HI 08h
ADC10_A Memory Control Register O ADC10MCTLO 0Ah
ADC10_A Conversion Memory Register ADC10MCTLO 12h
ADC10_A Interrupt Enable ADCI10IE 1Ah
ADC10_A Interrupt Flags ADC10IGH 1Ch
ADC10_A Interrupt Vector Word ADC10IvV 1Eh
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Table 6-60. SD24 B Registers (Base Address: 0800h)

REGISTER DESCRIPTION REGISTER OFFSET
SD24_B Control O register SD24BCTLO 00h
SD24_B Control 1 register SD24BCTL1 02h
SD24 B Trigger Control register SD24BTRGCTL 04h
SD24 B Trigger OSR Control register SD24BTRGOSR 06h
SD24_B Trigger Preload register SD24BTRGPRE 08h
SD24_B interrupt flag register SD24BIFG 0Ah
SD24_B interrupt enable register SD24BIE 0Ch
SD24_B Interrupt Vector register SD24BIV OEh
SD24 B converter 0 Control register SD24BCCTLO 10h
SD24_B converter 0 Input Control register SD24BINCTLO 12h
SD24 B converter 0 OSR Control register SD24BOSRO0 14h
SD24 B converter 0 Preload register SD24BPREO 16h
SD24 B converter 1 Control register SD24BCCTL1 18h
SD24 B Converter 1 Input Control register SD24BINCTL1 1Ah
SD24 B Converter 1 OSR Control register SD24BOSR1 1Ch
SD24 B Converter 1 Preload register SD24BPRE1 1Eh
SD24_B Converter 2 Control register SD24BCCTL2 20h
SD24 B Converter 2 Input Control register SD24BINCTL2 22h
SD24 B Converter 2 OSR Control register SD24BOSR2 24h
SD24 B Converter 2 Preload register SD24BPRE2 26h
SD24_B converter 3 Control register SD24BCCTL3 28h
SD24_B converter 3 Input Control register SD24BINCTL3 2Ah
SD24 B converter 3 OSR Control register SD24BOSR3 2Ch
SD24 B converter 3 Preload register SD24BPRE3 2Eh
SD24 B converter 4 Control register SD24BCCTL4 30h
SD24 B Converter 4 Input Control register SD24BINCTL4 32h
SD24 B Converter 4 OSR Control register SD24BOSR4 34h
SD24 B Converter 4 Preload register SD24BPRE4 36h
SD24_B Converter 5 Control register SD24BCCTL5 38h
SD24 B Converter 5 Input Control register SD24BINCTL5 3Ah
SD24 B Converter 5 OSR Control register SD24BOSR5 3Ch
SD24 B Converter 5 Preload register SD24BPRES 3Eh
SD24_B Converter 6 Control register SD24BCCTL6 40h
SD24 B Converter 6 Input Control register SD24BINCTL6 42h
SD24 B Converter 6 OSR Control register SD24BOSR6 44h
SD24 B Converter 6 Preload register SD24BPREG6 46h
SD24_B Converter 0 Conversion Memory Low Word register SD24BMEMLO 50h
SD24_B Converter 0 Conversion Memory High Word register SD24BMEMHO 52h
SD24_B Converter 1 Conversion Memory Low Word register SD24BMEML1 54h
SD24_B Converter 1 Conversion Memory High Word register SD24BMEMH1 56h
SD24_B Converter 2 Conversion Memory Low Word register SD24BMEML2 58h
SD24_B Converter 2 Conversion Memory High Word register SD24BMEMH2 5Ah
SD24_B Converter 3 Conversion Memory Low Word register SD24BMEML3 5Ch
SD24_B Converter 3 Conversion Memory High Word register SD24BMEMH3 5Eh
SD24_B Converter 4 Conversion Memory Low Word register SD24BMEML4 60h
SD24_B Converter 4 Conversion Memory High Word register SD24BMEMHA4 62h
SD24_B Converter 5 Conversion Memory Low Word register SD24BMEML5 64h
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Table 6-60. SD24 B Registers (Base Address: 0800h) (continued)

REGISTER DESCRIPTION REGISTER OFFSET
SD24_B Converter 5 Conversion Memory High Word register SD24BMEMH5 66h
SD24_B Converter 6 Conversion Memory Low Word register SD24BMEML6 68h
SD24_B Converter 6 Conversion Memory High Word register SD24BMEMH6 6Ah

Table 6-61. Comparator_B Register (Base Address: 08C0h)

REGISTER DESCRIPTION REGISTER OFFSET
Comp_B control register 0 CBCTLO 00h
Comp_B control register 1 CBCTL1 02h
Comp_B control register 2 CBCTL2 04h
Comp_B control register 3 CBCTL3 06h
Comp_B interrupt register CBINT 0Ch
Comp_B interrupt vector word CBIV OEh

Table 6-62. Auxiliary Supply Registers (Base Address: 09EOh)

REGISTER DESCRIPTION REGISTER OFFSET
Auxiliary Supply Control O register AUXCTLO 00h
Auxiliary Supply Control 1 register AUXCTL1 02h
Auxiliary Supply Control 2 register AUXCTL2 04h
AUX2 Charger Control AUX2CHCTL 12h
AUX3 Charger Control AUX3CHCTL 14h
AUX ADC Control AUXADCCTL 16h
AUX Interrupt Flag AUXIFG 1Ah
AUX Interrupt Enable AUXIE 1Ch
AUX Interrupt Vector Word AUXIV 1Eh
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Table 6-63. LCD_C Registers (Base Address: 0A00h)

REGISTER DESCRIPTION REGISTER OFFSET

LCD_C control register 0 LCDCCTLO 000h
LCD_C control register 1 LCDCCTL1 002h
LCD_C blinking control register LCDCBLKCTL 004h
LCD_C memory control register LCDCMEMCTL 006h
LCD_C voltage control register LCDCVCTL 008h
LCD_C port control 0 LCDCPCTLO 00Ah
LCD_C port control 1 LCDCPCTL1 00Ch
LCD_C port control 2 LCDCPCTL2 00Eh
LCD_C charge pump control register LCDCCPCTL 012h
LCD_C interrupt vector LCDCIV 01Eh
Static and 2 to 4 mux modes

LCD_C memory 1 LCDM1 020h
LCD_C memory 2 LCDM2 021h
LCD_C memory 20 LCDM20 033h
LCD_C blinking memory 1 LCDBM1 040h
LCD_C blinking memory 2 LCDBM2 041h
LCD_C blinking memory 20 LCDBM20 053h
5to 8 mux modes

LCD_C memory 1 LCDM1 020h
LCD_C memory 2 LCDM2 021h
LCD_C memory 40 LCDM40 047h
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6.11.27 Input/Output Schematics

6.11.27.1 Port P1, P1.0 Through P1.3 Input/Output With Schmitt Trigger (PEU Package Only)

A0..A3

From ADC

P1REN.x B

P1DIR.x

00
01
10
11

P10UT.x

From Timer_A,
ACLK, ADC10CLK

DVSS

P1SEL0.x

P1SEL1.x

Qipns

P1IN.x

To Timer_A
P1IE.x
P1IRQ.x

P1IFG.x &

Bus
Keeper

Q EN
SET

P1SEL.x &
P1IES.x &

Interrupt
Edge
Select

<o

P1.0/TA1.1/VeREF-/A0
P1.1/TA2.1/VeREF+/A1
P1.2/ACLK/A2
P1.3/ADC10CLK/A3

(MSP430F677xAIPEU only)
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Table 6-64. Port P1 (P1.0 Through P1.3) Pin Functions (PEU Package Only)

CONTROL BITS OR SIGNALS®
PIN NAME (P1.x) X FUNCTION
P1DIR.x P1SEL1.x P1SELO.x
P1.0 (1/0) 1:0; O:1 0 0
TAL1.CCI1A 0 0 1
P1.0/TA1.1/VeREF-/AQ 0 TALL L 0 !
N/A 0 1 0
DVSS 1 1 0
VeREF-/A0 X 1 1
P1.1 (1/0) 1:0; O:1 0 0
TA2.CCI1A 0 0 1
P1.1/TA2.1/VeREF+/Al 1 TA21 L 0 L
N/A 0 1 0
DVSS 1 1 0
VeREF+/Al X 1 1
P1.2 (1/0) 1:0; O:1 0 0
ACLK 1 0 1
P1.2/ACLK/A2 2 |N/A 0 1 0
DVSS 1 1 0
A2 X 1 1
P1.3 (1/0) 1:0; O:1 0 0
ADC10CLK 1 0 1
P1.3/ADC10CLK/A3 3 [N/A 0 1 0
DVSS 1 1 0
A3 X 1 1
(1) X =don't care
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6.11.27.2 Port P1, P1.0 Through P1.3 Input/Output With Schmitt Trigger (PZ Package Only)

- === 1
| |
A0..A3 | DT<}
From ADC | I
 Y\r————————— |
P1REN.x B
L/ |
| |
(W I DVSS 0 |
O—
I~ | bvec—{1 |
P1DIR.x 00 |
DA <!
01
! I
10 I |
11 I |
1 | |
P1OUTX ® 00 I |
From Comparator B — 101 | |
From Timer_A, I < >
ACLK, ADCT0CLK 10 L |
DVSS B—{1 1] | | |
e — D | "= L ey
P1SEL1.x ® I P1.1/TA2.1/CBOUT/VeREF+/A1
I I P1.2/ACLK/A2
P1.3/ADC10CLK/A3
P1IN.x < I /II |
' |
' |
! |
To Timer_A Pl I |
I Bus
P1IE.x | | «eeper :
P1IRQ.x | |
Q@ eN] = 0| @ ——e——m———————
P1IFG.x & SET
P1SEL.x B Interrupt
Edge
P1IES.x B Select
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Table 6-65. Port P1 (P1.0, P1.1, P1.2, and P1.3) Pin Functions (PZ Package Only)

CONTROL BITS OR SIGNALS®
PIN NAME (P1.x) X FUNCTION
P1DIR.x P1SEL1.x P1SELO.x
P1.0 (1/0) 1:0; O:1 0 0
TAL1.CCI1A 0 0 1
P1.0/TA1.1/VeREF-/AQ 0 TALL L 0 !
N/A 0 1 0
DVSS 1 1 0
VeREF-/A0 X 1 1
P1.1 (1/0) 1:0; O:1 0 0
TA2.CCI1A 0 0 1
P1.1/TA2.1/CBOUT/VeREF+/AL | 1 TA21 L 0 L
N/A 0 1 0
CBOUT 1 1 0
VeREF+/Al X 1 1
P1.2 (1/0) 1:0; O:1 0 0
ACLK 1 0 1
P1.2/ACLK/A2 2 |N/A 0 1 0
DVSS 1 1 0
A2 X 1 1
P1.3 (1/0) 1:0; O:1 0 0
ADC10CLK 1 0 1
P1.3/ADC10CLK/A3 3 [N/A 0 1 0
DVSS 1 1 0
A3 X 1 1
(1) X =don't care
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6.11.27.3 Port P1, P1.4 and P1.5 Input/Output With Schmitt Trigger

to Comparator_B

from Comparator_B
CBPD.z

A0..A3
From ADC

P1REN.x

P1DIR.x

P10UT.x

From MCLK, SMCLK
DVSS

P1SEL0.x
P1SEL1.x

P1IN.x

Not Used

P1IRQ.x

P1IFG.x

P1SEL.x

I
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| bvee—|1 |
00 | |
01
|| I
' | |
11
| I
I I
= 00 | |
01 | l
10 | L |
| 1 1’ I I I
» f } PIDSxmd — — — — — — |
= I I
I I
< | /JI |
| T\I |
| I
I I
<] D | |
P1IE.x -ﬁ : KS::er :
( T Q EN U— ————————— |
= SET
| Interrupt
Edge
| Select

P1IES.x

<O

P1.4/MCLK/CB1/A4
P1.5/SMCLK/CBO0/A5
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Table 6-66. Port P1 (P1.4 and P1.5) Pin Functions

CONTROL BITS OR SIGNALS®
P1DIR.x P1SEL1.x P1SELO.x CPBD.z
P1.4 (1/0) 1:0; O:1 0 0 0
MCLK
N/A
DVSS
A4
CB1
P1.5 (1/0) 1:0; O:1
SMCLK
N/A
DVSS
A5
CBO

PIN NAME (P1.x) X FUNCTION

P1.4/MCLK/CB1/A4 4

oO|O0o|O|O

X | X[k |O|r

1(z=1)

P1.5/SMCLK/CBO/A5 5

oO|o|o|O|O

X kPP |[FP|O|O[X|[FR|[FR|F| O
X|kp|lO|O|R|O|X | |O|O|F

X | X[k |O|r

1(z=0)

(1) X =don't care
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6.11.27.4 Port P1, P1.6 and P1.7 Input/Output With Schmitt Trigger

r' ————————— 1
COM2 to COM3 | DTQ |
From LCD_C I I
T —— — — — — — — — — |
PIREN.x B ) ) ; |
i |
| DVSS 0 |
| o— |
pvcc—{1
P1DIR.x h | |
—1 ), |
01 H |
10 | |
11 I I
L | |
P1OUTX B 00 | |
. | o
DVSS I—E 10 | l/ I
11 | | |
P1SELO.X m T P1DS.xl—: ______ | | mg;ggmg
P1SEL1.x B——— | |
|
P1IN.x < : /.ﬂ" |
|
T |
| |
Not Used 0 : |
PIEx B | KeB::er :
|

P1IRQ.x 4—C

I Q EN
P1IFG.x & SET
P1SEL.x & Interrupt
Edge
P1IES.x ® Select

Table 6-67. Port P1 (P1.6 and P1.7) Pin Functions

CONTROL BITS OR SIGNALS®
PIN NAME (P1.x) FUNCTION
P1DIR.X P1SEL1.x P1SELO.x COM Enable
P1.6 (1/0) 1:0; O:1 X 0 0
N/A 0 X 1 0
P1.6/COM2
DVSS 1 X 1 0
COoM2 X X X 1
P1.7 (/0) 1:0; O:1 X 0 0
N/A 0 X 1 0
P1.7/COM3
DVSS 1 X 1 0
CcCoMm3 X X X 1

(1) X =don't care
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6.11.27.5 Port P2, P2.0 Through P2.7, Input/Output With Schmitt Trigger (PEU Package Only)

i_ _________ 1
— N\ | I
P2REN.x B }
L | '
P2MAP.x = PMAP_ANALOG = ™\ | opvss—|0 |
[/ | o— |
| pvcc—|1 |
P2DIR.x Iio\l * C| \ } § I
L J I
from Port Mapping ® :H | |
I
I I
I I
P20UTx B 0 | I|
from Port Mapping B=———|1 : |
I I I
______ I (MSP430F677xAIPEU only)
P2SELO.X m e P2DS.x-—I | e
| | P2.1/PM_TAO.1
| e
P2.3/PM_TA1.
P2IN.x < I /II | P2.4/PM_TA2.0
| P2.5/PM_UCBOSOMI/PM_UCBOSCL
| P2.6/PM_UCBOSIMO/PM_UCBOSDA
| | P27/PM_UCBOCLK
I
I I
to Port Mapping < D | |
Bus
P2IE.x | | keeper :
P2IRQ.x I ]
Q EN] = | @ ———m———————
P2IFG.x SET
P2SEL.x B Interrupt
Edge
P2IES.x W Select
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Table 6-68. Port P2 (P2.0 Through P2.7) Pin Functions (PEU Package Only)

CONTROL BITS OR SIGNALS®

PIN NAME (P2.x) FUNCTION
P2DIR.x P2SELO0.x P2MAP.x
P2.0 (1/0) 1:0; O:1 0 X
P2.0/PM_TAO0.0 Mapped Secondary digital function X 1 <30
Output driver and input Schmitt trigger disabled X 1 =31
P2.1 (1/0) 1:0; O:1 0 X
P2.1/PM_TAO0.1 Mapped Secondary digital function X 1 <30
Output driver and input Schmitt trigger disabled X 1 =31
P2.2 (1/0) 1:0; O:1 0 X
P2.2/PM_TAO0.2 Mapped Secondary digital function X 1 <30
Output driver and input Schmitt trigger disabled X 1 =31
P2.3 (1/0) 1:0; O:1 0 X
P2.3/PM_TA1.0 Mapped Secondary digital function X 1 <30
Output driver and input Schmitt trigger disabled X 1 =31
P2.4 (1/0) 1:0; O:1 0 X
P2.4/PM_TA2.0 Mapped Secondary digital function X 1 <30
Output driver and input Schmitt trigger disabled X 1 =31
P2.5 (1/0) 1:0; O:1 0 X
Eﬁfﬁé%éé%?_osow, Mapped Secondary digital function X 1 <30
Output driver and input Schmitt trigger disabled X 1 =31
P2.6 (1/0) 1:0; O:1 0 X
Eﬁfﬁéﬂggs%iosmm Mapped Secondary digital function X 1 <30
Output driver and input Schmitt trigger disabled X 1 =31
P2.7 (1/0) 1:0; O:1 0 X
P2.7/PM_UCBOCLK Mapped Secondary digital function X 1 <30
Output driver and input Schmitt trigger disabled X 1 =31

(1) X =don't care
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6.11.27.6 Port P2, P2.0 Through P2.3, Input/Output With Schmitt Trigger (PZ Package Only)

i‘ _________ 1
COM4 to COM7 | {>T<} |
from LCD_C | I
— ) - ——————- '
P2REN.x B
— |
P2MAP.x = PMAP_ANALOG B pvss—10
<>444ﬁ
pvcc—|1

P2DIRx B——|0 "—Cl \
{ J

{
|
I
|
|
I
from Port Mapping B— 1 |
|
I
|
|
I
|

P20UT.x H 0

from Port Mapping B———— 1

P2SELO0.x P2DS.X B— =— — — — — — |

|
|
|
|
|
|
|
|
|
|
|
L | N
l I
|
|
|
|
|
|
|
|
|
|

I (MSP430F677xAIPZ only)
I P2.0/PM_TA0.0/COM4
P2.1/PM_TA0.1/COM5
I P2.2/PM_TA0.2/COM6
I /I P2.3/PM_TA1.0/COM7
P2IN.x < | TQ
to Port Mapping < D I
I Bus
P2IE.x | | keeper
P2IRQ.x | |
Q@ EN] | @ —_——————————
P2IFG.x & SET |—
P2SEL.x & Interrupt |——
Edge
P2IES.x & Select
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Table 6-69. Port P2 (P2.0 Through P2.3) Pin Functions (PZ Package Only)

CONTROL BITS OR SIGNALS®
PIN NAME (P2.x) | X FUNCTION CcoM
P2DIR.x P2SELO.x P2MAP.x Enable
P2.0 (I/0) 1:0; O:1 0 X 0
P2.0/PM_TAO.0/ 0 Mapped secondary digital function X 1 <30 0
Ccom4 Output driver and input Schmitt trigger disabled X 1 =31 0
COomM4 X X X 1
P2.1 (I/0) 1:0; O:1 0 X 0
P2.1/PM TAO0.1/ Mapped secondary digital function X 1 <30 0
CoM5 ! Output driver and input Schmitt trigger disabled X 1 =31 0
COM5 X X X 1
P2.2 (1/0) 1:0; O:1 0 X 0
P2.2/PM TAO0.2/ .| Mapped secondary digital function X 1 <30 0
cComé “| output driver and input Schmitt trigger disabled X 1 =31 0
COM6 X X X 1
P2.3 (I/0) 1:0; O:1 0 X 0
P2.3/PM TAL1.0/ .| Mapped secondary digital function X 1 <30 0
com7 “| output driver and input Schmitt trigger disabled X 1 =31 0
Ccom7 X X X 1

(1) X =don't care

Copyright © 2014, Texas Instruments Incorporated Detailed Description 111
Submit Documentation Feedback
Product Folder Links: MSP430F67791A MSP430F67781A MSP430F67771A MSP430F67761A MSP430F67751A
MSP430F67691A MSP430F67681A MSP430F67671A MSP430F67661A MSP430F67651A MSP430F67491A
MSP430F67481A MSP430F67471A MSP430F67461A MSP430F67451A


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

MSP430F67791A, MSP430F67781A, MSP430F67771A, MSP430F67761A, MSP430F67751A :

MSP430F67691A, MSP430F67681A, MSP430F67671A, MSP430F67661A, MSP430F67651A I E}s(%iUMENTs
MSP430F67491A, MSP430F67481A, MSP430F67471A, MSP430F67461A, MSP430F67451A
SLAS983 —MAY 2014 www.ti.com

6.11.27.7 Port P2, P2.4 Through P2.6, Input/Output With Schmitt Trigger (PZ Package Only)

P2REN.x & I )

P2MAP.x = PMAP_ANALOG =

)
|/

P2DIRx B——

from Port Mapping B—

P20UT.x

from Port Mapping B—

(MSP430F677xAIPZ only)
P2.4/PM_TA2.0

P2.5/PM_UCBO0SOMI/PM_UCBOSCL
P2.6/PM_UCB0SIMO/PM_UCBOSDA

R S

P2SELO.x m

P2IN.x <

to Port Mapping PR

Bus

P2IE.x Keeper

P2IRQ.x

a eN] | @ —_———m——m————— l
P2IFG.x SET

P2SEL.x B Interrupt
Edge
P2IES.x B Select

Table 6-70. Port P2 (P2.4 and P2.6) Pin Functions (PZ Package Only)

CONTROL BITS OR SIGNALS®
PIN NAME (P2.x) X FUNCTION
P2DIR.x P2SELO0.x P2MAP.x
P2.4 (1/0) 1:0; O:1 0 X
P2.4/PM_TA2.0/R23 4 | Mapped secondary digital function X 1 <30
R23 X 1 =31
P2.5 (1/0) 1:0; O:1 0 X
P2.5/PM_UCBOSOMI/ o -
PM_UCBOSCL/R13 5 | Mapped secondary digital function X 1 <30
R13 X 1 =31
P2.6 (1/0) 1:0; O:1 0 X
P2.6/PM_UCBOSIMO/ o -
PM_UCBOSDA/R03 6 | Mapped secondary digital function X 1 <30
RO3 X 1 =31
(1) X =don't care
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6.11.27.8 Port P2, P2.7, Input/Output With Schmitt Trigger (PZ Package Only)

—————————— 1
| |

Comparator_B I DTQ
CBPD.z I I
— ) - ——————- '

P2REN.x &
— |
P2MAP.x = PMAP_ANALOG B DVSS 0
<>444*
pvcc—{1

P2DIR.x B——]

from Port Mapping B—

P20UT.x &

from Port Mapping #————

G G

|
|
|
|
|
|
|
|
|
|
|
L | N
l I
|
|
|
|
|
|
|
|
|
|

(MSP430F677xAIPZ only)
P2SELOX m | P2.7/PM_UCBOCLKI/CB2
I
P2IN.x < | /JI
|
I
I
to Port Mapping < D I
I Bus
P2IE.x | | Keeper
P2IRQ.x | |
Q EN|] = || —_—————————
P2IFG.x B SET |—
P2SEL.x & Interrupt |——
Edge
P2IES.x B Select
Table 6-71. Port P2 (P2.7) Pin Functions (PZ Package Only)
CONTROL BITS OR SIGNALS™)
PIN NAME (P2.x) X FUNCTION
P2DIR.x P2SELO0.x P2MAP.x CBPD.z
P2.7 (1/0) 1:0; O:1 0 X 0
P2.7/PM_UCBOCLK/ . Mapped secondary digital function X 1 <30 0
CB2 Output driver and input Schmitt trigger disabled X 1 =31 0
CB2 X X X 1z=2)
(1) X =don't care
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6.11.27.9 Port P3, P3.0 Through P3.7, Input/Output With Schmitt Trigger (PEU Package Only)

P3REN.x B I )

P3MAP.x = PMAP_ANALOG B |' \

P3DIR.x B—F

from Port Mapping B—]

P30UTx ®

from Port Mapping B—

(MSP430F677xAIPEU only)
P3.0/PM_UCAORXD/PM_UCAOSOMI
P3.1/PM_UCAOTXD/PM_UCA0SIMO
P3.2/PM_UCAOCLK
P3.3/PM_UCA1CLK
P3.4/PM_UCA1RXD/PM_UCA1SOMI

I
|
|
e |
- |
P3.5/PM_UCA1TXD/PM_UCA1SIMO
T\I I P3.6/PM_UCA2RXD/PM_UCA2SOMI
|
|
|
|
|

"\

P3SELO.x m

P3IN.x

A

P3.7/PM_UCA2TXD/PM_UCA2SIMO

to Port Mapping < D

Bus
Keeper
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Table 6-72. Ports P3 (P3.0 Through P3.7) Pin Functions (PEU Package Only)

CONTROL BITS OR SIGNALS®

PIN NAME (P3.x) FUNCTION
P3DIR.x P3SELO0.x P3MAP.x

P3.0 (1/0) 1:0; O:1 0 X

P3.0/PM_UCAORXD/ . -

PM_UCAOSOMI Mapped Secondary digital function X 1 <30
Output driver and input Schmitt trigger disabled X 1 =31
P3.1 (1/0) 1:0; O:1 0 X

P3.1/PM_UCAOQTXD/ . -

PM_UCAOSIMO Mapped Secondary digital function X 1 <30
Output driver and input Schmitt trigger disabled X 1 =31
P3.2 (1/0) 1:0; O:1 0 X

P3.2/PM_UCAOCLK Mapped Secondary digital function X 1 <30
Output driver and input Schmitt trigger disabled X 1 =31
P3.3 (1/0) 1:0; O:1 0 X

P3.3/PM_UCAILCLK Mapped Secondary digital function X 1 <30
Output driver and input Schmitt trigger disabled X 1 =31
P3.4 (1/0) 1:0; O:1 0 X

P3.4/PM_UCA1RXD/ . -

PM_UCA1SOMI Mapped Secondary digital function X 1 <30
Output driver and input Schmitt trigger disabled X 1 =31
P3.5 (1/0) 1:0; O:1 0 X

P3.5/PM_UCALTXD/ . -

PM_UCA1SIMO Mapped Secondary digital function X 1 <30
Output driver and input Schmitt trigger disabled X 1 =31
P3.6 (1/0) 1:0; O:1 0 X

P3.6/PM_UCA2RXD/ . -

PM_UCA2SOMI Mapped Secondary digital function X 1 <30
Output driver and input Schmitt trigger disabled X 1 =31
P3.7 (1/0) 1:0; O:1 0 X

P3.7/PM_UCA2TXD/ . -

PM_UCA2SIMO Mapped Secondary digital function X 1 <30
Output driver and input Schmitt trigger disabled X 1 =31

(1) X =don't care
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6.11.27.10 Port P3, P3.0, Input/Output With Schmitt Trigger (PZ Package Only)

P3REN.x B

P3MAP.x = PMAP_ANALOG B

1

P3DIR.x B—F

from Port Mapping m—————————]

P30UTx ®

._l—o

from Port Mapping B—

(MSP430F677xAIPZ only)
P3.0/PM_UCAORXD/PM_UCAOSOMI

"\

P3SELO.x m

P3IN.x

A

to Port Mapping

Bus
Keeper

-

Table 6-73. Ports P3 (P3.0) Pin Functions (PZ Package Only)

CONTROL BITS OR SIGNALS®
PIN NAME (P3.x) X FUNCTION
P3DIR.x P3SELO0.x P3MAP.x
P3.0 (1/0) 1:0; O:1 0 X
P3.0/PM_UCAORXD/ . .
PM_UCAOSOMI Mapped Secondary digital function X 1 <30
Output driver and input Schmitt trigger disabled X 1 =31

(1) X =don't care
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6.11.27.11 Port P3, P3.1 Through P3.7, Input/Output With Schmitt Trigger (PZ Package Only)
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Table 6-74. Ports P3 (P3.1 Through P3.7) Pin Functions (PZ Package Only)

CONTROL BITS OR SIGNALS®

PIN NAME (P3.x) X FUNCTION
P3DIR.x P3SELO.x P3MAP.x | LCD39..33

P3.1 (1/0) 1:0; O:1 0 X 0

P3.1/PM_UCAOTXD/ 1 Mapped secondary digital function X 1 <30 0
PM_UCAOSIMO/S39 | | output driver and input Schmitt trigger disabled X 1 =31 0
S39 X X X 1

P3.2 (1/0) 1:0; O:1 0 X 0

P3.2/PM_UCAOCLK/ | .| Mapped secondary digital function X 1 <30 0
S “| output driver and input Schmitt trigger disabled X 1 =31 0
S38 X X X 1

P3.3 (1/0) 1:0; O:1 0 X 0

P3.3/PM_UCAICLK/ | | Mapped secondary digital function X 1 <30 0
s37 “| output driver and input Schmitt trigger disabled X 1 =31 0
S37 X X X 1

P3.4 (1/0) 1:0; O:1 0 X 0

;33-4/PM_UCA1RXD 4 Mapped secondary digital function X 1 <30 0
PM UCA1SOMI/S36 Output driver and input Schmitt trigger disabled X 1 =31 0
} S36 X X X 1
P3.5 (1/0) 1:0; O:1 0 X 0

P3.5/PM_UCALTXD/ | _| Mapped secondary digital function X 1 <30 0
PM_UCA1SIMO/S35 | Output driver and input Schmitt trigger disabled X 1 =31 0
S35 X X X 1

P3.6 (1/0) 1:0; O:1 0 X 0

;33-6/PM_UCA2RXD 6 Mapped secondary digital function X 1 <30 0
PM UCA2SOMI/S34 Output driver and input Schmitt trigger disabled X 1 =31 0
} s34 X X X 1
P3.7 (1/0) 1:0; O:1 0 X 0

P3.7/PM_UCA2TXD/ . Mapped secondary digital function X 1 <30 0
PM_UCA2SIMO/S33 | *| output driver and input Schmitt trigger disabled X 1 =31 0
S33 X X X 1

(1) X =don't care
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6.11.27.12 Port P4, P4.0 Through P4.7, Input/Output With Schmitt Trigger (PEU Package Only)
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Table 6-75. Port P4 (P4.0 Through P4.7) Pin Functions (PEU Package Only)

CONTROL BITS OR SIGNALS®

PIN NAME (P4.x) FUNCTION
P4DIR.x P4SELO.x PAMAP.x
P4.0 (1/0) 1:0; O:1 0 X
P4.0/PM_UCA2CLK Mapped Secondary digital function X 1 <30
Output driver and input Schmitt trigger disabled X 1 =31
P4.1 (1/0) 1:0; O:1 0 X
Ei\lﬂiﬁéﬂ AT:;JS%AI\:/TF XD Mapped Secondary digital function X 1 <30
Output driver and input Schmitt trigger disabled X 1 =31
P4.2 (1/0) 1:0; O:1 0 X
Ei\lﬂfﬁéﬂ KsEJSCI:G?C’)TXD/ Mapped Secondary digital function X 1 <30
Output driver and input Schmitt trigger disabled X 1 =31
P4.3 (1/0) 1:0; O:1 0 X
P4.3/PM_UCA3CLK Mapped Secondary digital function X 1 <30
Output driver and input Schmitt trigger disabled X 1 =31
P4.4 (1/0) 1:0; O:1 0 X
Eaiﬁéﬂgfs%?_lsOM” Mapped Secondary digital function X 1 <30
Output driver and input Schmitt trigger disabled X 1 =31
P4.5 (1/0) 1:0; O:1 0 X
Eﬁ/ﬁﬁéﬂgfs%ilsmo, Mapped Secondary digital function X 1 <30
Output driver and input Schmitt trigger disabled X 1 =31
P4.6 (1/0) 1:0; O:1 0 X
P4.6/PM_UCB1CLK Mapped Secondary digital function X 1 <30
Output driver and input Schmitt trigger disabled X 1 =31
P4.7 (1/0) 1:0; O:1 0 X
P4.7/PM_TA3.0 Mapped Secondary digital function X 1 <30
Output driver and input Schmitt trigger disabled X 1 =31

(1) X =don't care
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6.11.27.13 Port P4, P4.0 Through P4.7, Input/Output With Schmitt Trigger (PZ Package Only)

$32..825
LCDS32..L.CDS25

P4REN.x

P4MAP.x = PMAP_ANALOG

P4DIR.x

from Port Mapping

P40UT.x

from Port Mapping

P4SELO0.x

P4IN.x

to Port Mapping

DD

A

Bus
Keeper

—>

(MSP430F677xAIPZ only)
P4.0/PM_UCA2CLK/S32
P4.1/PM_UCA3RXD/PM_UCA3SOMI/S31
P4.2/PM_UCA3TXD/PM_UCA3SIMO/S30
P4.3/PM_UCA3CLK/S29
P4.4/PM_UCB1SOMI/PM_UCB1SCL/S28
P4.5/PM_UCB1SIMO/PM_UCB1SDA/S27
P4.6/PM_UCB1CLK/S26
P4.7/PM_TA3.0/S25

Copyright © 2014, Texas Instruments Incorporated
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Table 6-76. Port P4 (P4.0 Through P4.7) Pin Functions (PZ Package Only)

CONTROL BITS OR SIGNALS®

PIN NAME (P4.x) X FUNCTION
P4DIR.x P4SELO.x PAMAP.x | LCD32..25
P4.0 (1/0) 1:0; O:1 0 X 0
P4.0/PM_UCA2CLK/ 0 Mapped secondary digital function X 1 <30 0
S32 Output driver and input Schmitt trigger disabled X 1 =31 0
S32 X X X 1
P4.1 (1/0) 1:0; O:1 0 X 0
P4.1/PM_UCA3RXD Mapped secondary digital function X 1 <30 0
{DM UCA3SOMI/S31 ! Output driver and input Schmitt trigger disabled X 1 =31 0
} s31 X X X 1
P4.2 (1/0) 1:0; O:1 0 X 0
P4.2/PM_UCA3TXD/ | .| Mapped secondary digital function X 1 <30 0
PM_UCA3SIMO/S30 | Output driver and input Schmitt trigger disabled X 1 =31 0
S30 X X X 1
P4.3 (1/0) 1:0; O:1 0 X 0
P4.3/PM_UCAS3CLK/ | | Mapped secondary digital function X 1 <30 0
s29 “| output driver and input Schmitt trigger disabled X 1 =31 0
S29 X X X 1
P4.4 (1/0) 1:0; O:1 0 X 0
P4.4/ Mapped secondary digital function X 1 <30 0
PM_UCB1SOMI/ 4 : : — -
PM UCB1SCL/S28 Output driver and input Schmitt trigger disabled X 1 =31 0
} 28 X X X 1
P4.5 (1/0) 1:0; O:1 0 X 0
P4.5/ Mapped secondary digital function X 1 <30 0
PM_UCB1SIMO/ 5 : : — -
PM UCB1SDA/S27 Output driver and input Schmitt trigger disabled X 1 =31 0
} s27 X X X 1
P4.6 (1/0) 1:0; O:1 0 X 0
P4.6/PM_UCB1CLK/ | .| Mapped secondary digital function X 1 <30 0
s26 °| Output driver and input Schmitt trigger disabled X 1 =31 0
S26 X X X 1
P4.7 (1/0) 1:0; O:1 0 X 0
Mapped secondary digital function X 1 <30 0
P4.7/PM_TA3.0/S25 | 7 : : — -
- Output driver and input Schmitt trigger disabled X 1 =31 0
S25 X X X 1

(1) X =don't care
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6.11.27.14 Port P5, P5.0 Through P5.3, Input/Output With Schmitt Trigger (PEU Package Only)

COM4 to COM7
From LCD_C

P5REN.x

P5DIR.x

P50UT.x

DVSsS

P5SSELO0.x
P5SSEL1.x

P5IN.x

Not Used

- - - 1
| |
| {>T<} |
I
- 0—c_\ !— ————————— I
— | | |
| Dvss 0 :
O—
| pbvee—{" |
00 —d \ I |
01 1
| J ] I
10 | |
11 | |
' |
" 00 | |
.y | L
I—E 10 I |/ I
11 | | |
- f P5DS.x ._: ______ | | gv;so?ggowlifnxmpeu only)
e | ps.1/coms
| | P5-2/COMs
P5.3/COM7
< I /II |
| |
| |
| |
D | |
I Bus |
| Keeper I
- _ ]
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Table 6-77. Port P5 (P5.0 Through P5.3) Pin Functions (PEU Package Only)

CONTROL BITS OR SIGNALS®
PIN NAME (P5.x) X FUNCTION
P5DIR.x P5SEL1.x P5SELO.x COM Enable
P5.0 (1/0) 1:0; O:1 X 0 0
N/A 0 X 1 0
P5.0/COM4 0
DVSS 1 X 1 0
COM4 X X X 1
P5.1 (1/0) 1:0; O:1 X 0 0
N/A 0 X 1 0
P5.1/COM5 1
DVSS 1 X 1 0
COM5 X X X 1
P5.2 (1/0) 1:0; O:1 X 0 0
N/A 0 X 1 0
P5.2/COM6 2
DVSS 1 X 1 0
COM6 X X X 1
P5.3 (1/0) 1:0; O:1 X 0 0
N/A 0 X 1 0
P5.3/COM7 3
DVSS 1 X 1 0
COM7 X X X 1
(1) X =don't care
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6.11.27.15 Port P5, P5.4 Through P5.6, Input/Output With Schmitt Trigger (PEU Package Only)
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Table 6-78. Port P5 (P5.4 Through P5.6) Pin Functions (PEU Package Only)

CONTROL BITS OR SIGNALS®
PIN NAME (P5.x) X FUNCTION
P5DIR.x P5SEL1.x P5SELO0.x
P5.4 (1/0) 1:0; O:1 0 0
Secondary digital function X 0 1
P5.4/SDCLK/R23 4 | N/A 0 1 0
DVSS 1 1 0
R23 X 1 1
P5.5 (1/0) 1:0; O:1 0 0
Secondary digital function X 0 1
P5.5/SDODIO/LCDREF/R13 | 5 | N/A 0 1 0
DVSS 1 1 0
LCDREF/R13 X 1 1
P5.6 (1/0) 1:0; O:1 0 0
Secondary digital function X 0 1
PT.6/SD1DIO/R03 6 | N/A 0 1 0
DVSS 1 1 0
R0O3 X 1 1
(1) X =don't care
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6.11.27.16 Port P5, P5.7, Input/Output With Schmitt Trigger (PEU Package Only)
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Table 6-79. Port P5 (P5.7) Pin Function (PEU Package Only)

(MSP430F677xAIPEU only)

<o

P5.7/SD2DI0/CB2

CONTROL BITS OR SIGNALS®
PIN NAME (P5.x) | x FUNCTION
P5DIR.X P5SEL1.x | P5SELO.x | CBPD.z
P5.7 (1/0) 1:0; O:1 X 0 0
P5.7/SD2DIO/CB2 7| Secondary digital function X X 1 0
CcB2 X X X 1(z=2)

(1) X =don't care
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6.11.27.17 Port P5, P5.0 Through P5.7, Input/Output With Schmitt Trigger (PZ Package Only)
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Table 6-80. Port P5 (P5.0 Through P5.7) Pin Function (PZ Package Only)

CONTROL BITS OR SIGNALS®
PIN NAME (P5.x) X FUNCTION
P5DIR.x P5SEL1.x P5SELO0.x LCD24..17
P5.0 (1/0) 1:0; O:1 X 0 0
P5.0/SDCLK/S24 0| Secondary digital function X X 1 0
S24 X X X 1
P5.1 (1/0) 1:0; O:1 X 0 0
P5.1/SD0ODIO/S23 1| Secondary digital function X X 1 0
S23 X X X 1
P5.2 (1/0) 1:0; O:1 X 0 0
P5.2/SD1DIO/S22 2| Secondary digital function X X 1 0
S22 X X X 1
P5.3 (1/0) 1:0; O:1 X 0 0
P5.3/SD2DI0O/S21 3| Secondary digital function X X 1 0
S21 X X X 1
P5.4 (1/0) 1:0; O:1 X 0 0
P5.4/SD3DIO/S20 4| Secondary digital function X X 1 0
S20 X X X 1
P5.5 (1/0) 1:0; O:1 X 0 0
P5.5/SD4DIO/S19 5| Secondary digital function X X 1 0
S19 X X X 1
P5.6 (1/0) 1:0; O:1 X 0 0
P5.6/SD5DIO/S18 6| Secondary digital function X X 1 0
S18 X X X 1
P5.7 (1/0) 1:0; O:1 X 0 0
P5.7/SD6DIO/S17 7| Secondary digital function X X 1 0
S17 X X X 1
(1) X =don't care
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6.11.27.18 Port P6, P6.0, Input/Output With Schmitt Trigger (PEU Package Only)

I
I
P6REN.x W N, |
R | |
| DVSS 0 I
o— |
|  bvec—1 |
P6DIR %h l § |
' I
from SD24_B :H | |
l |
| |
| |
P60UT.x B 0 |
from SD24_B 1 | ’ |I < >
I | |
PGSELOX m . peosxmd — — — — — — l | (rsPasorsTrxAIPEU only
I | 7%
| |
P6IN.x < l /II |
I N |
| |
| |
to SD24_B 30 | |
I Bus |
I Keeper |
- _ 1
Table 6-81. Port P6 (P6.0) Pin Functions (PEU Package Only)
CONTROL BITS OR SIGNALS®
PIN NAME (P6.x) X FUNCTION
P6DIR.x P6SELO.x
P6.0 (I/0) 1:0; O:1 0
P6.0/SD3DIO 0 — -
Secondary digital function X 1

(1) X =don't care
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6.11.27.19 Port P6, P6.1 Through P6.3, Input/Output With Schmitt Trigger (PEU Package Only)
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Table 6-82. Port P6 (P6.1 Through P6.3) Pin Functions (PEU Package Only)

CONTROL BITS OR SIGNALS®
PIN NAME (P6.x) X FUNCTION
P6DIR.x P6SELO.x LCD39..37
P6.1 (1/0) 1:0; O:1 0 0
P6.1/SD4DIO/S39 1 | Secondary digital function X 1 0
S39 X X 1
P6.2 (1/0) 1:0; O:1 0 0
P6.2/SD5DIO/S38 2 | Secondary digital function X 1 0
S38 X X 1
P6.3 (1/0) 1:0; O:1 0 0
P6.3/SD6DIO/S37 3 | Secondary digital function X 1 0
S37 X X 1
(1) X =don't care
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6.11.27.20 Port P6, P6.4 Through P6.7, Input/Output With Schmitt Trigger (PEU Package Only)
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Table 6-83. Port P6 (P6.4 Through P6.7) Pin Functions (PEU Package Only)

CONTROL BITS OR SIGNALS®
PIN NAME (P6.x) X FUNCTION
P6DIR.X P6SELO.x LCD36..33
P6.4 (1/0) 1:0; O:1 0 0
N/A 0 1 0
P6.4/S36 4
DVSS 1 1 0
S36 X X 1
P6.5 (1/0) 1:0; O:1 0 0
N/A 0 1 0
P6.5/S35 5
DVSS 1 1 0
S35 X X 1
P6.6(1/0) 1:0; O:1 0 0
N/A 0 1 0
P6.6/S34 6
DVSS 1 1 0
S34 X X 1
P6.7 (1/0) 1:0; O:1 0 0
N/A 0 1 0
P6.7/S33 7
DVSS 1 1 0
S33 X X 1
(1) X =don't care
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6.11.27.21 Port P6, P6.0 Through P6.7, Input/Output With Schmitt Trigger (PZ Package Only)

i_ _________ 1
$16...59 I DTQ l
LCDS16...LCDS9 | |
—d \Nr——m———————— |
P6REN.x W ) i ‘ |
| Dvss 0 I
o— |
| bvce—{* |
P6DIR.X W ﬁ 9 \ ! |
| J ] |
1 |
I |
i |
# | |
|
P60OUT.x B 0
| S
pvss =———|1 I |
| ]
______ | (MSP430F677xAIPZ only)
P6SELO.X m . PGDS""_| | P6.0/S16
| pe.1/s15
| | Pe.2/s14
P6.3/S13
P6IN.x < I /JI | P6.4is12
| P6.5/S11
| Peeis1o
| | Pe7Iso
| |
Not Used < D I I
I Bus |
| Keeper |
. _ I
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Table 6-84. Port P6 (P6.0 Through P6.7) Pin Functions (PZ Package Only)

CONTROL BITS OR SIGNALS®
PIN NAME (P6.x) X FUNCTION
P6DIR.X P6SELO.x LCD16..9
P6.0 (1/0) 1:0; O:1 0 0
N/A 0 1 0
P6.0/S16 0
DVSS 1 1 0
S16 X X 1
P6.1 (1/0) 1:0; O:1 0 0
N/A 0 1 0
P6.1/S15 1
DVSS 1 1 0
S15 X X 1
P6.2 (1/0) 1:0; O:1 0 0
N/A 0 1 0
P6.2/S14 2
DVSS 1 1 0
Si14 X X 1
P6.3 (1/0) 1:0; O:1 0 0
N/A 0 1 0
P6.3/S13 3
DVSS 1 1 0
S13 X X 1
P6.4 (1/0) 1:0; O:1 0 0
N/A 0 1 0
P6.4/S12 4
DVSS 1 1 0
S12 X X 1
P6.5 (1/0) 1:0; O:1 0 0
N/A 0 1 0
P6.5/S11 5
DVSS 1 1 0
S11 X X 1
P6.6 (1/0) 1:0; O:1 0 0
N/A 0 1 0
P6.6/S10 6
DVSS 1 1 0
S10 X X 1
P6.7 (1/0) 1:0; O:1 0 0
N/A 0 1 0
P6.7/S9 7
DVSS 1 1 0
S9 X X 1
(1) X =don't care
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6.11.27.22 Port P7, P7.0 Through P7.7, Input/Output With Schmitt Trigger (PEU Package Only)

- - - - - - - 1
| 1
$32..825 I {>T<}
LCDS32...LCDS25 | |
N mF—————— — —— |
P7REN.x B 1 | |
— |
| Dvss 0 I
o— |
| bvec—{" |
P7DIRx B ﬁ * ‘1 \ ! § |
L /1 |
1 | |
' |
| |
| |
P70UTx B 0 | l
Dvss =— {1 I |/{ |
| | |
P7SELOX m . P7DS.x-—: ______ | | (MSP430F677xAIPEU only)
| p7.1/s31
| | P7:2/S30
| P7.3/S29
P7IN.x < 7 | E;.gggg
I | preis26
| | P77I525
| |
Not Used < D I |
| Bus |
| Keeper I
. _ |
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Table 6-85. Port P7 (P7.0 Through P7.7) Pin Functions (PEU Package Only)

CONTROL BITS OR SIGNALS®
PIN NAME (P7.x) X FUNCTION
P7DIR.x P7SELO.x LCD32..25
P7.0 (1/0) 1:0; O:1 0 0
N/A 0 1 0
P7.0/S32 0
DVSS 1 1 0
S32 X X 1
P7.1 (1/0) 1:0; O:1 0 0
N/A 0 1 0
P7.1/S31 1
DVSS 1 1 0
S31 X X 1
P7.2 (1/10) 1:0; O:1 0 0
N/A 0 1 0
P7.2/S30 2
DVSS 1 1 0
S30 X X 1
P7.3 (1/0) 1:0; O:1 0 0
N/A 0 1 0
P7.3/S29 3
DVSS 1 1 0
S29 X X 1
P7.4 (1/0) 1:0; O:1 0 0
N/A 0 1 0
P7.4/S28 4
DVSS 1 1 0
S28 X X 1
P7.5 (1/0) 1:0; O:1 0 0
N/A 0 1 0
P7.5/S27 5
DVSS 1 1 0
S27 X X 1
P7.6 (1/0) 1:0; O:1 0 0
N/A 0 1 0
P7.6/S26 6
DVSS 1 1 0
S26 X X 1
P7.7 (1/10) 1:0; O:1 0 0
N/A 0 1 0
P7.7/S25 7
DVSS 1 1 0
S25 X X 1
(1) X =don't care
138 Detailed Description Copyright © 2014, Texas Instruments Incorporated

Submit Documentation Feedback
Product Folder Links: MSP430F67791A MSP430F67781A MSP430F67771A MSP430F67761A MSP430F67751A
MSP430F67691A MSP430F67681A MSP430F67671A MSP430F67661A MSP430F67651A MSP430F67491A
MSP430F67481A MSP430F67471A MSP430F67461A MSP430F67451A


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

: MSP430F67791A, MSP430F67781A, MSP430F67771A, MSP430F67761A, MSP430F67751A

I F{E’é?gUMENTS MSP430F67691A, MSP430F67681A, MSP430F67671A, MSP430F67661A, MSP430F67651A
MSP430F67491A, MSP430F67481A, MSP430F67471A, MSP430F67461A, MSP430F67451A
www.ti.com SLAS983 —MAY 2014

6.11.27.23 Port P7, P7.0 Through P7.7, Input/Output With Schmitt Trigger (PZ Package Only)

- - - - - 1
| 1
S8...51 I DT<}
LCDSS...LCDS1 | |
™ —————— —— — — I
P7REN.x B 1 | |
— | |
| Dvss 0 I
o— |
| bvec—|1 |
P7DIRx B 0\| 9 \ ! |
| ] I
1 | |
| |
| |
| |
P70UTx B 0 | l
pDvss =———|1 I l/{ |
| | |
P7SELOX m . P7Ds.x-—: ______ J | (MSPASOFGTTXAIPZ onby)
| p7.1s7
| | P7-2/6
P7.3/S5
P7IN.x < I /,/rl | Pr.4is4
| P7.5/S3
| preis2
| | PT7Ist
' |
Not Used <] D I |
I Bus |
| Keeper I
. _ ]
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Table 6-86. Port P7 (P7.0 Through P7.7) Pin Functions (PZ Package Only)

CONTROL BITS OR SIGNALS®
PIN NAME (P7.x) X FUNCTION
P7DIR.X P7SELO.x LCD8..1

P7.0 (1/0) 1:0; O:1 0 0

N/A 0 1 0
P7.0/S8 0

DVSS 1 1 0

S8 X X 1

P7.1 (1/0) 1:0; O:1 0 0

N/A 0 1 0
P7.1/S7 1

DVSS 1 1 0

S7 X X 1

P7.2 (1/10) 1:0; O:1 0 0

N/A 0 1 0
P7.2/S6 2

DVSS 1 1 0

S6 X X 1

P7.3 (1/0) 1:0; O:1 0 0

N/A 0 1 0
P7.3/S5 3

DVSS 1 1 0

S5 X X 1

P7.4 (1/0) 1:0; O:1 0 0

N/A 0 1 0
P7.4/S4 4

DVSS 1 1 0

S4 X X 1

P7.5 (1/0) 1:0; O:1 0 0

N/A 0 1 0
P7.5/S3 5

DVSS 1 1 0

S3 X X 1

P7.6 (1/0) 1:0; O:1 0 0

N/A 0 1 0
P7.6/S2 6

DVSS 1 1 0

S2 X X 1

P7.7 (1/10) 1:0; O:1 0 0

N/A 0 1 0
P7.7/S1 7

DVSS 1 1 0

S1 X X 1

(1) X =don't care
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6.11.27.24 Port P8, P8.0 Through P8.7, Input/Output With Schmitt Trigger (PEU Package Only)

DVSS Bm—

(MSP430F677xAIPEU only)
P8.0/S24
P8.1/S23
P8.2/S22
P8.3/S21

i_ _________ 1
$24..817 | {>T<} l
LCDS24...LCDS17 | |
4\ ————————— |
PS8REN.x W 1 |
Bl |
| Dvss 0
O—
| ovee—|"
PSDIR.x B h * C| \ I
. /) |
1 |
|
|
|
PSOUT.x B 0 |
1 |
|
|

PBSELO.x m

P8.4/S20
P8.5/S19
P8.6/S18
P8.7/817

P8IN.x

A

AN

Not Used < D

Bus
Keeper

|
|
|
|
|
|
|
|
|
|
|
L | N
| |
|
|
|
|
|
|
|
|
|
|
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Table 6-87. Port P8 (P8.0 Through P8.7) Pin Functions (PEU Package Only)

CONTROL BITS OR SIGNALS®
PIN NAME (P8.x) X FUNCTION
P8DIR.x P8SELO0.x LCD24..17
P8.0 (1/0) 1:0; O:1 0 0
N/A 0 1 0
P8.0/S24 0
DVSS 1 1 0
S24 X X 1
P8.1 (1/0) 1:0; O:1 0 0
N/A 0 1 0
P8.1/S23 1
DVSS 1 1 0
S23 X X 1
P8.2 (1/0) 1:0; O:1 0 0
N/A 0 1 0
P8.2/S22 2
DVSS 1 1 0
S22 X X 1
P8.3 (1/0) 1:0; O:1 0 0
N/A 0 1 0
P8.3/S21 3
DVSS 1 1 0
S21 X X 1
P8.4 (1/0) 1:0; O:1 0 0
N/A 0 1 0
P8.4/S20 4
DVSS 1 1 0
S20 X X 1
P8.5 (1/0) 1:0; O:1 0 0
N/A 0 1 0
P8.5/S19 5
DVSS 1 1 0
S19 X X 1
P8.6 (1/0) 1:0; O:1 0 0
N/A 0 1 0
P8.6/S18 6
DVSS 1 1 0
S18 X X 1
P8.7 (1/0) 1:0; O:1 0 0
N/A 0 1 0
P8.7/S17 7
DVSS 1 1 0
S17 X X 1
(1) X =don't care
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6.11.27.25 Port P8, P8.0, Input/Output With Schmitt Trigger (PZ Package Only)

i_ _________ 1
S0 | I>T<I |
LCDS0 I I
N —————————— I
PS8REN.x W ) : I
| Dvss 0 I
o— |
I DVCC 1 |
PSDIR.x B ﬁ —qd I I
| J ] I
i '
| I
| I
| I
P8OUT.x B 0 | I\ I
>+ O
ovss w1 | < T
| ]
______ | (MSP430F677xAIPZ only)

PSSELO.X M . Paos.x-—I : (MSP43
| |
P8IN.x <« I /Il |
IR
| I
I
Not Used <D I I
I Bus |
| Keeper I

I

Table 6-88. Port P8 (P8.0) Pin Functions (PZ Package Only)

CONTROL BITS OR SIGNALS®
PIN NAME (P8.x) X FUNCTION
P8DIR.x P8SELO0.x LCDO
P8.0 (1/0) 1:0; O:1 0 0
N/A 0 1 0
P8.0/S0 0
DVSS 1 1 0
SO X X 1
(1) X =don't care
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6.11.27.26 Port P8, P8.1, Input/Output With Schmitt Trigger (PZ Package Only)

r—-———=----— -
to Comparator_B ! DTQ
CBPD.z !
»—cl N
PS8REN.x H | ) ‘
pvss—{0
O—
pvcc—{1

P8DIRx M 0 "—CI \ |

-

Wy

P8OUT.x ® 0

RTCCLK 1 L :

PS8SELO.X m o PEDS X — — — — — — | (MSP430F677xAIPZ only)
P8.1/TACLK/RTCCLK/CB3

P8IN.x

to TACLK D

Bus
Keeper

A\

Table 6-89. Port P8 (P8.1) Pin Functions (PZ Package Only)

CONTROL BITS OR SIGNALS®
PIN NAME (P8.x) X FUNCTION
P8DIR.x P8SELO.x CBPD.z

P8.1 (1/0) 1:0; 0:1 0 0
P8.L/TACLK/RTCCLK/ | | TACLK 0 1 0
CcB3 RTCCLK 1 1 0

CB3 X X 1(z=3)
(1) X =don't care
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6.11.27.27 Port P9, P9.0 Through P9.7, Input/Output With Schmitt Trigger (PEU Package Only)

DVSS m—

i_ _________ 1
§16...89 | DT<} |
LCDS16...L.CDS9 | |
4\ F————————— |
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— |
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Table 6-90. Port P9 (P9.0 to P9.7) Pin Functions (PEU Package Only)

CONTROL BITS OR SIGNALS®
PIN NAME (P9.x) X FUNCTION
PIDIR.x P9SELO0.x LCD16..9
P9.0 (1/0) 1:0; O:1 0 0
N/A 0 1 0
P9.0/S16 0
DVSS 1 1 0
S16 X X 1
P9.1 (1/O) 1:0; O:1 0 0
N/A 0 1 0
P9.1/S15 1
DVSS 1 1 0
S15 X X 1
P9.2 (1/0) 1:0; O:1 0 0
N/A 0 1 0
P9.2/S14 2
DVSS 1 1 0
Si14 X X 1
P9.3 (1/0) 1:0; O:1 0 0
N/A 0 1 0
P9.3/S13 3
DVSS 1 1 0
S13 X X 1
P9.4 (1/0) 1:0; O:1 0 0
N/A 0 1 0
P9.4/S12 4
DVSS 1 1 0
S12 X X 1
P9.5 (1/0) 1:0; O:1 0 0
N/A 0 1 0
P9.5/S11 5
DVSS 1 1 0
S11 X X 1
P9.6 (1/0) 1:0; O:1 0 0
N/A 0 1 0
P9.6/S10 6
DVSS 1 1 0
S10 X X 1
P9.7 (1/0) 1:0; O:1 0 0
N/A 0 1 0
P9.7/S9 7
DVSS 1 1 0
S9 X X 1
(1) X =don't care
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6.11.27.28 Port P10, P10.0 Through P10.7, Input/Output With Schmitt Trigger (PEU Package Only)

- - - - - 1
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T —————————— I
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— | |
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P10IN.x < 7 | P10.4/54
| | P10e/s2
| | P10.7/S1
| |
Not Used < D I I
I Bus |
| Keeper |
. _ I
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INSTRUMENTS

Table 6-91. Port P10 (P10.0 Through P10.7) Pin Functions (PEU Package Only)

CONTROL BITS OR SIGNALS®
PIN NAME (P10.x) X FUNCTION
P10DIR.x P10SELO.x LCD8..1

P10.0 (/0) 1:0; O:1 0 0

N/A 0 1 0
P10.0/S8 0

DVSS 1 1 0

S8 X X 1

P10.1 (I/0) 1:0; O:1 0 0

N/A 0 1 0
P10.1/S7 1

DVSS 1 1 0

S7 X X 1

P10.2 (1/0) 1:0; O:1 0 0

N/A 0 1 0
P10.2/S6 2

DVSS 1 1 0

S6 X X 1

P10.3 (1/0) 1:0; O:1 0 0

N/A 0 1 0
P10.3/S5 3

DVSS 1 1 0

S5 X X 1

P10.4 (1/0) 1:0; O:1 0 0

N/A 0 1 0
P10.4/S4 4

DVSS 1 1 0

S4 X X 1

P10.5 (1/0) 1:0; O:1 0 0

N/A 0 1 0
P10.5/S3 5

DVSS 1 1 0

S3 X X 1

P10.6 (1/0) 1:0; O:1 0 0

N/A 0 1 0
P10.6/S2 6

DVSS 1 1 0

S2 X X 1

P10.7 (1/0) 1:0; O:1 0 0

N/A 0 1 0
P10.7/S1 7

DVSS 1 1 0

S1 X X 1

(1) X =don't care
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6.11.27.29 Port P11, P11.0, Input/Output With Schmitt Trigger (PEU Package Only)

- - 1
| |
S0 | I>T<}
LCDS0 | |
ID—C_\ r————————— I
P11REN.x W
| I
| |
| Dvss 0
o— |
| pvcc—{1 |
I
P11DIRx ﬁ —qd 1\ , § |
| J ] I
1 | |
' |
' |
' |
P110UTx ® 0
X ' N | O
pDvss =— |1 I L |
P11SELOX m . P11DS.xl—| —————— I | (MSP430F677xIPEU only)
| | P11.0/S0
' |
P11IN.x <« | /zrl |
| |
' |
! |
Not Used <D I |
I Bus |
| Keeper I
- _ ]
Table 6-92. Port P11 (P11.0) Pin Functions (PEU Package Only)
CONTROL BITS OR SIGNALS®
PIN NAME (P11.x) | x FUNCTION
P11DIR.X P11SELO.x LCDO
P11.0 (1/O) 1:0; O:1 0 0
N/A 0 1 0
P11.0/S0 0
DVSS 1 1 0
S0 X X 1
(1) X =don't care
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6.11.27.30 Port P11, P11.1, Input/Output With Schmitt Trigger (PEU Package Only)

to Timer_ A 4 : < D :

Table 6-93. Port P11 (P11.1) Pin Functions (PEU Package Only)

Bus
Keeper

r-r—-——--—-- -
to Comparator_B ! DTQ :
CBPD.z |
L o __ |
| |
1>—c_\ | I
P11REN.X ) | ‘ |
| DVSS 0 I
| o— |
| pvcc—{1 |
P11DIRX M ﬁ 1 U § |
1 _/ | I
% | |
t |
|
| |
| |
P11OUTX ® 0 |
1
from Timer_A 1 i |/{ I @
| | !
______ | MSP430F677xIPEU onl
P11SELO.X m . P11DS.x 8| : L11.1ITA3.1IC)é3 only)
|
|
|
|
|
|
|
|

I
I
P11IN.x < [ /II
TN
[]
I
I
I
I
I

CONTROL BITS OR SIGNALS®
PIN NAME (P11.x) X FUNCTION
P11DIR.xX P11SELO.x CBPD.z
P11.1 (1/0) 1:0; O:1 0 0
TA3.CCI1A 0 1 0
P11.1/TA3.1/CB3 1
TA3.1 1 1 0
CB3 X X 1
(1) X =don't care
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6.11.27.31 Port P11, P11.2 and P11.3, Input/Output With Schmitt Trigger (PEU Package Only)

I
P11REN.x ® ) ! |
N |
I |
| DVSS 0
o— |
|  pvee—]1 |
P11DIRX 0\| I § |
| |
jH I |
I |
I |
I |
P110UTXx B 0 | I
from Timer_A 1 | M |
| | |
P11SELO.x m o P11DSx #d — — — — — — J | gV1I$I;‘/IT§£1Fﬁ77xIPEU only)
: | P11:3mA2:1
I
P11IN.x < | /zr] |
I N |
I |
I |
to Timer_A < D I |
| Bus |
| Keeper |
- |
Table 6-94. Port P11 (P11.2 and P11.3) Pin Functions (PEU Package Only)
CONTROL BITS OR SIGNALS
PIN NAME (P11.x) X FUNCTION
P11DIR.x P11SELO.x
P11.2 (1/0) 1:0; O:1 0
P11.2/TAL1.1 2 | TA1.CCI1A 0 1
TA1.1 1 1
P11.3 (1/0) 1:0; O:1 0
P11.3/TA2.1 3 | TA2.CCI1A 0 1
TA2.1 1 1
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6.11.27.32 Port P11, P11.4 and P11.5, Input/Output With Schmitt Trigger (PEU Package Only)

P11REN.x B 4D !
1
|
| DVSS 0
O—
| pvcce 1
P11DIRX B ﬁ :
;H |
I
|
|
P110UTx B 0 |
from Comparator_B ﬁ |
RTCCLK |
P11SELO.X m . P11DS.x .JI ______
|
P11INX < | /J,I
| N
|
|
to TACLK 3 D |
I Bus
I Keeper
|

(MSP430F677xIPEU only)
P11.4/CBOUT
P11.5/TACLK/RTCCLK

Table 6-95. Port P11 (P11.4 and P11.5) Pin Functions (PEU Package Only)

PIN NAME (P11.x) FUNCTION CONTROL BITS OR SIGNALS
P11DIR.X P11SELO.x
P11.4 (/O) 1:0; O:1 0
P11.4/CBOUT N/A 0 1
CBOUT 1 1
P11.5 (I/O) 1:0; O:1 0
P11.5/TACLK/RTCCLK TACLK 0 1
RTCCLK 1 1
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6.11.27.33 Port J, J.0, JTAG pin TDO, Input/Output With Schmitt Trigger or Output

D

——— e -
Pad Logic |
PJREN.x ® ) |
yj [
|
DV,, — 0 : :
DV 1
PIDIRX =—] O o |
DVCC — :
|
|
|

/1(
PJOUT.x l-l—\OJO\

From JTAG 01 |
SMCLK { 10 PJDS.0 = — | PJ.0/SMCLK/TDO

1 0: Low drive |

1: High drive |

PJSEL.x |

From JTAG = @ |

PJIN.X < a |

! <k |

Bus |

Holder |

<D |

e -

6.11.27.34 Port J, J.1to J.3, JTAG Pins TMS, TCK, TDI/TCLK,
Input/Output With Schmitt Trigger or Output
[~——————————————
Pad Logic

PJREN.x =

)
—

DV,
O
DVc.
PJDIR.x B—

I
I
I
|
|
|
B |
pvss— 1 }
,LI = —)
PJOUT.x 00 i >_l—C>
I
I _
I
|
I
I
I
|
I
I
I
|

-7

PJ.1/MCLK/TDI/ITCLK

From JTAG 01
MCLK/ADC10CLK/ACLK 10

I

PJDS.x =~ |  PJ2/ADCI0CLKITMS

1 0: Low drive PJ.3IACLKITCK
(/ 1: High drive | .

PJSEL.x ° I
From JTAG = :
PJIN.x < * @ :
Bus |
Holder |
To JTAG < D |
_______________ J
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Table 6-96. Port PJ (PJ.0 to PJ.3) Pin Functions

CONTROL BITS OR SIGNALS®

PIN NAME (PJ.x) FUNCTION IR X P ISEL X r\J/EJGE
PJ.0/SMCLK/TDO PJ.0 (1/0)@ 1:0;0:1 0 0
SMCLK 1 1 0
TDO® X X 1
PJ.1/MCLK/TDI/TCLK PJ.1 (/10)@ 1:0;0: 1 0 0
MCLK 1 1 0
TDITCLK® @) X X 1
PJ.2/ADC10CLK/TMS PJ.2 (10)@ 1:0;0: 1 0 0
ADC10CLK 1 1 0
TMS® ) X X 1
PJ.3/ACLK/TCK PJ.3 (110)@ 1:0;0:1 0 0
ACLK 1 1 0
TCK® @) X X 1

(1) X =don't care
(2) Default condition

(3) The pin direction is controlled by the JTAG module.

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

The following tables show the complete contents of the device descriptor tag-length-value (TLV) structure
for each device type.

Table 6-97. F677x1A Device Descriptor Table

- . F67791A F67781A F67771A F67761A F67751A
Description Address Size in bytes
Value Value Value Value Value
Info Length 1A00h 1 06h 06h 06h 06h 06h
CRC Length 1A01h 1 06h 06h 06h 06h 06h
CRC Value 1A02h 2 Per Unit Per Unit Per Unit Per Unit Per Unit
Info Block Device ID 1A04h 2 8233h 8232h 8231h 8230h 822Fh
Hardware 1A06h 1 Per Unit Per Unit Per Unit Per Unit Per Unit
Revision
Firmware . . . . .
Revision 1A07h 1 Per Unit Per Unit Per Unit Per Unit Per Unit
Die Record Tag 1A08h 1 08h 08h 08h 08h 08h
Die Record
Length 1A09h 1 0Ah OAh OAh 0Ah O0Ah
Lot ID 1A0Ah 4 Per Unit Per Unit Per Unit Per Unit Per Unit
Die Record X Position 1A0Eh 2 Per Unit Per Unit Per Unit Per Unit Per Unit
Y Position 1A10h 2 Per Unit Per Unit Per Unit Per Unit Per Unit
Testgscord 1A12h 1 Per Unit Per Unit Per Unit Per Unit Per Unit
Test Record FT 1A13h 1 Per Unit Per Unit Per Unit Per Unit Per Unit
ADC
Calibration Tag 1A14h 1 13h 13h 13h 13h 13h
ADC
Calibration 1A15h 1 10h 10h 10h 10h 10h
Length
ADC Gain . . . . .
Factor 1A16h 2 Per Unit Per Unit Per Unit Per Unit Per Unit
CAI!?)ClQ ADC Offset 1A18h 2 Per Unit Per Unit Per Unit Per Unit Per Unit
alibration
ADC 15T30 1A1Ah 2 Per Unit Per Unit Per Unit Per Unit Per Unit
ADC 15785 1A1Ch 2 Per Unit Per Unit Per Unit Per Unit Per Unit
ADC 20T30 1A1Eh 2 Per Unit Per Unit Per Unit Per Unit Per Unit
ADC 20T85 1A20h 2 Per Unit Per Unit Per Unit Per Unit Per Unit
ADC 25T30 1A22h 2 Per Unit Per Unit Per Unit Per Unit Per Unit
ADC 25T85 1A24h 2 Per Unit Per Unit Per Unit Per Unit Per Unit
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Table 6-98. F676x1A Device Descriptor Table
o o F67691A F67681A F67671A F67661A F67651A
Description Address Size in bytes
Value Value Value Value Value
Info Length 1A00h 1 06h 06h 06h 06h 06h
CRC Length 1A01h 1 06h 06h 06h 06h 06h
CRC Value 1A02h 2 Per Unit Per Unit Per Unit Per Unit Per Unit
Info Block Device ID 1A04h 2 822Eh 822Dh 822Ch 822Bh 822Ah
Hardware . . . . .
Revision 1A06h 1 Per Unit Per Unit Per Unit Per Unit Per Unit
Firmware . . . . .
Revision 1A07h 1 Per Unit Per Unit Per Unit Per Unit Per Unit
Die Record Tag 1A08h 1 08h 08h 08h 08h 08h
Die Record
Length 1A09h 1 0Ah OAh OAh 0Ah OAh
Lot ID 1A0Ah 4 Per Unit Per Unit Per Unit Per Unit Per Unit
Die Record X Position 1A0Eh Per Unit Per Unit Per Unit Per Unit Per Unit
Y Position 1A10h 2 Per Unit Per Unit Per Unit Per Unit Per Unit
Testgscord 1A12h 1 Per Unit Per Unit Per Unit Per Unit Per Unit
Test Record FT 1A13h 1 Per Unit Per Unit Per Unit Per Unit Per Unit
ADC
Calibration Tag 1Al14h 1 13h 13h 13h 13h 13h
ADC
Calibration 1A15h 1 10h 10h 10h 10h 10h
Length
ADC Gain 1A16h 2 Per Unit Per Unit Per Unit Per Unit Per Unit
Factor
CAII%Cl_O ADC Offset 1A18h 2 Per Unit Per Unit Per Unit Per Unit Per Unit
alibration
ADC 15T30 1A1Ah 2 Per Unit Per Unit Per Unit Per Unit Per Unit
ADC 15T85 1A1Ch 2 Per Unit Per Unit Per Unit Per Unit Per Unit
ADC 20T30 1A1Eh 2 Per Unit Per Unit Per Unit Per Unit Per Unit
ADC 20785 1A20h 2 Per Unit Per Unit Per Unit Per Unit Per Unit
ADC 25T30 1A22h 2 Per Unit Per Unit Per Unit Per Unit Per Unit
ADC 25T85 1A24h 2 Per Unit Per Unit Per Unit Per Unit Per Unit
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Table 6-99. F674x1A Device Descriptor Table

o o F67491A F67481A F67471A F67461A F67451A
Description Address Size in bytes
Value Value Value Value Value
Info Length 1A00h 1 06h 06h 06h 06h 06h
CRC Length 1A01h 1 06h 06h 06h 06h 06h
CRC Value 1A02h 2 Per Unit Per Unit Per Unit Per Unit Per Unit
Info Block Device ID 1A04h 2 8229h 8228h 8227h 8226h 8225h
Hardware . . . . .
Revision 1A06h 1 Per Unit Per Unit Per Unit Per Unit Per Unit
Firmware . . . . .
Revision 1A07h 1 Per Unit Per Unit Per Unit Per Unit Per Unit
Die Record Tag 1A08h 1 08h 08h 08h 08h 08h
Die Record
Length 1A09h 1 0Ah OAh OAh 0Ah OAh
Lot ID 1A0Ah 4 Per Unit Per Unit Per Unit Per Unit Per Unit
Die Record X Position 1A0Eh Per Unit Per Unit Per Unit Per Unit Per Unit
Y Position 1A10h 2 Per Unit Per Unit Per Unit Per Unit Per Unit
Testgscord 1A12h 1 Per Unit Per Unit Per Unit Per Unit Per Unit
Test Record FT 1A13h 1 Per Unit Per Unit Per Unit Per Unit Per Unit
ADC
Calibration Tag 1Al14h 1 13h 13h 13h 13h 13h
ADC
Calibration 1A15h 1 10h 10h 10h 10h 10h
Length
ADC Gain 1A16h 2 Per Unit Per Unit Per Unit Per Unit Per Unit
Factor
CAII%Cl_O ADC Offset 1A18h 2 Per Unit Per Unit Per Unit Per Unit Per Unit
alibration
ADC 15T30 1A1Ah 2 Per Unit Per Unit Per Unit Per Unit Per Unit
ADC 15T85 1A1Ch 2 Per Unit Per Unit Per Unit Per Unit Per Unit
ADC 20T30 1A1Eh 2 Per Unit Per Unit Per Unit Per Unit Per Unit
ADC 20785 1A20h 2 Per Unit Per Unit Per Unit Per Unit Per Unit
ADC 25T30 1A22h 2 Per Unit Per Unit Per Unit Per Unit Per Unit
ADC 25T85 1A24h 2 Per Unit Per Unit Per Unit Per Unit Per Unit
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6.13 Identification

6.13.1 Revision ldentification

The device revision information is shown as part of the top-side marking on the device package. The
device-specific erratasheet describes these markings. For links to all of the erratasheets for the devices in
this data sheet, see Section 8.2.

The hardware revision is also stored in the Device Descriptor structure in the Info Block section. For
details on this value, see the "Hardware Revision" entries in Section 6.12.

6.13.2 Device ldentification

The device type can be identified from the top-side marking on the device package. The device-specific
erratasheet describes these markings. For links to all of the erratasheets for the devices in this data sheet,
see Section 8.2.

A device identification value is also stored in the Device Descriptor structure in the Info Block section. For
details on this value, see the "Device ID" entries in Section 6.12.

6.13.3 JTAG ldentification

Programming through the JTAG interface, including reading and identifying the JTAG ID, is described in
detail in the MSP430 Programming Via the JTAG Interface User's Guide (SLAU320).
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7 Applications, Implementation, and Layout

The following resources provide application guidelines and best practices when designing with the
MSP430F677x1A, MSP430F676x1A, and MSP430F674x1A devices.

Implementation of a Three-Phase Electronic Watt-Hour Meter Using the MSP430F677x(A)
(SLAA577)
This application report describes the implementation of a three-phase electronic electricity meter using
the Texas Instruments MSP430F677x(A) metering processors. This application report includes the
necessary information with regard to metrology software and hardware procedures for this single-chip
implementation.

High Accuracy Three-Phase Electricity Meter with Tamper Detection (TIDM-THREEPHASEMETER-

F6779)
The design implements a highly accurate three-phase electric meter system using the MSP430F6779
smart meter SoC. It exceeds all of the requirements for ANSI C12.20 and IEC-62053 Class 0.2 meters.
The F6779 SoC is the most integrated polyphase e-meter SoC with 512KB flash. This allows
developers to create a true single-chip smart e-meter with the highest performance and accuracy. In
addition, this EVM has tamper detection capabilities which assist the engineer's development of
methods to prevent theft of electricity from utilities.
Features

» Comprehensive design includes schematics, BOMs, design files, and test reports.

» Three-phase electricity meter which exceeds Class 0.2 accuracy requirements from ANSI and IEC

e TI Energy Library firmware calculates all energy measurement parameters including active and
reactive power and energy, RMS current and voltage, power factor, and line frequency.

« Add-on communications modules for wireless communications standards such as ZigBee®, Wi-Fi®,
Wireless M-Bus, and IEEE Std 802.15.4g, both 2.4GHz and sub-1GHz

» Built-in 160-segment display powered from three-phase line voltage
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8 Device and Documentation Support
8.1 Device Support

8.1.1 Getting Started and Next Steps
For more information on the MSP430™ family of devices and the tools and libraries that are available to
help with your development, visit the Getting Started page.

8.1.2 Development Tools Support

All MSP430™ microcontrollers are supported by a wide variety of software and hardware development
tools. Tools are available from Tl and various third parties. See them all at www.ti.com/msp430tools.

8.1.2.1 Hardware Features
See the Code Composer Studio for MSP430 User's Guide (SLAU157) for details on the available features.

MSP430 4-Wire 2-Wire Bg?gtksj g ?:a?ke. Clock State Trace D:;qu.i?’l
Architecture JTAG JTAG P N) points Control Sequencer Buffer Sup%%rtg
MSP430Xv2 Yes Yes 3 Yes Yes No No Yes

8.1.2.2 Recommended Hardware Options

8.1.2.2.1 Target Socket Boards

The target socket boards allow easy programming and debugging of the device using JTAG. They also
feature header pin outs for prototyping. Target socket boards are orderable individually or as a kit with the
JTAG programmer and debugger included. The following table shows the compatible target boards and
the supported packages.
Package Target Board and Programmer Bundle Target Board Only
128-pin LQFP (PEU) MSP-FET430U128 MSP-TS430PEU128

8.1.2.2.2 Experimenter Boards

Experimenter Boards and Evaluation kits are available for some MSP430 devices. These kits feature
additional hardware components and connectivity for full system evaluation and prototyping. See
www.ti.com/msp430tools for details.

8.1.2.2.3 Debugging and Programming Tools

Hardware programming and debugging tools are available from Tl and from its third party suppliers. See
the full list of available tools at www.ti.com/msp430tools.

8.1.2.2.4 Production Programmers

The production programmers expedite loading firmware to devices by programming several devices
simultaneously.
Part Number PC Port Features Provider
MSP-GANG Serial and USB | Program up to eight devices at a time. Works with PC or standalone. Texas Instruments

8.1.2.3 Recommended Software Options

8.1.2.3.1 Integrated Development Environments

Software development tools are available from Tl or from third parties. Open source solutions are also
available.

This device is supported by Code Composer Studio™ IDE (CCS).
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8.1.2.3.2 MSP430Ware

MSP430Ware is a collection of code examples, data sheets, and other design resources for all MSP430
devices delivered in a convenient package. In addition to providing a complete collection of existing
MSP430 design resources, MSP430Ware also includes a high-level API called MSP430 Driver Library.
This library makes it easy to program MSP430 hardware. MSP430Ware is available as a component of
CCS or as a standalone package.

8.1.2.3.3 SYS/BIOS

SYS/BIOS is an advanced real-time operating system for the MSP430 microcontrollers. It features
preemptive deterministic multi-tasking, hardware abstraction, memory management, and real-time
analysis. SYS/BIOS is available free of charge and is provided with full source code.

8.1.2.3.4 Command-Line Programmer

MSP430 Flasher is an open-source, shell-based interface for programming MSP430 microcontrollers
through a FET programmer or eZ430 using JTAG or Spy-Bi-Wire (SBW) communication. MSP430 Flasher
can be used to download binary files (.txt or .hex) files directly to the MSP430 Flash without the need for
an IDE.

8.1.3 Device and Development Tool Nomenclature

To designate the stages in the product development cycle, Tl assigns prefixes to the part numbers of all
MSP430 MCU devices and support tools. Each MSP430 MCU commercial family member has one of
three prefixes: MSP, PMS, or XMS (for example, MSP430F5259). Texas Instruments recommends two of
three possible prefix designators for its support tools: MSP and MSPX. These prefixes represent
evolutionary stages of product development from engineering prototypes (with XMS for devices and MSPX
for tools) through fully qualified production devices and tools (with MSP for devices and MSP for tools).

Device development evolutionary flow:

XMS - Experimental device that is not necessarily representative of the final device's electrical
specifications

PMS - Final silicon die that conforms to the device's electrical specifications but has not completed quality
and reliability verification

MSP — Fully qualified production device
Support tool development evolutionary flow:

MSPX — Development-support product that has not yet completed Texas Instruments internal qualification
testing.

MSP — Fully-qualified development-support product

XMS and PMS devices and MSPX development-support tools are shipped against the following
disclaimer:

"Developmental product is intended for internal evaluation purposes.”

MSP devices and MSP development-support tools have been characterized fully, and the quality and
reliability of the device have been demonstrated fully. TI's standard warranty applies.

Predictions show that prototype devices (XMS and PMS) have a greater failure rate than the standard
production devices. Texas Instruments recommends that these devices not be used in any production
system because their expected end-use failure rate still is undefined. Only qualified production devices are
to be used.

Tl device nomenclature also includes a suffix with the device family name. This suffix indicates the
package type (for example, PZP) and temperature range (for example, T). Figure 8-1 provides a legend
for reading the complete device name for any family member.
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MSP 430 F 5 438 A

Processor Family

430 MCU Platform

Device Type

Series

I ZQW T XX

Optional: Additional Features

Optional: Tape and Reel

Packaging

Optional: Temperature Range

Feature Set

Optional: A = Revision

Processor Family

CC = Embedded RF Radio
MSP = Mixed Signal Processor
XMS = Experimental Silicon
PMS = Prototype Device

430 MCU Platform

TI's Low Power Microcontroller Platform

2 Series = Up to 16 MHz
3 Series = Legacy
4 Series = Up to 16 MHz w/ LCD

Device Type Memory Type Specialized Application
C =ROM AFE = Analog Front End
F = Flash BT = Preprogrammed with Bluetooth
FR = FRAM BQ = Contactless Power
G = Flash or FRAM (Value Line) | CG = ROM Medical
L = No Nonvolatile Memory FE = Flash Energy Meter
FG = Flash Medical
FW = Flash Electronic Flow Meter
Series 1 Series = Up to 8 MHz 5 Series = Up to 25 MHz

6 Series = Up to 25 MHz w/ LCD
0 = Low Voltage Series

Feature Set

Various Levels of Integration Within a Series

Optional: A = Revision

N/A

Optional: Temperature Range

S§=0°Cto50°C

C=0°Cto70°C
=-40°C to 85°C

T=-40°C to 105°C

Packaging

www.ti.com/packaging

Optional: Tape and Reel

T = Small Reel (7 inch)
R = Large Reel (11 inch)
No Markings = Tube or Tray

Optional: Additional Features

-EP = Enhanced Product (-40°C to 105°C)
-HT = Extreme Temperature Parts (-55°C to 150°C)

-Q1 = Automotive Q100 Qualified

Figure 8-1. Device Nomenclature
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8.2 Documentation Support

The following documents describe the MSP430F677x1A, MSP430F676x1A, and MSP430F674x1A
devices. Copies of these documents are available on the Internet at www.ti.com.

MSP430x5xx and MSP430x6xx Family User's Guide.

SLAU208

SLAZ598

SLAZ596

SLAZ594

SLAZ592

SLAZ590

SLAZ588

SLAZ586

SLAZ584

SLAZ582

SLAZ580

SLAZ578

SLAZ576

SLAZ574

SLAZ572

SLAZ570

and peripherals available in this device family.

MSP430F67791A Device Erratasheet. Describes
specifications for the MSP430F67791A device.

MSP430F67781A Device Erratasheet. Describes
specifications for the MSP430F67781A device.

MSP430F67771A Device Erratasheet. Describes
specifications for the MSP430F67771A device.

MSP430F67761A Device Erratasheet. Describes
specifications for the MSP430F67761A device.

MSP430F67751A Device Erratasheet. Describes
specifications for the MSP430F67751A device.

MSP430F67691A Device Erratasheet. Describes
specifications for the MSP430F67691A device.

MSP430F67681A Device Erratasheet. Describes
specifications for the MSP430F67681A device.

MSP430F67671A Device Erratasheet. Describes
specifications for the MSP430F67671A device.

MSP430F67661A Device Erratasheet. Describes
specifications for the MSP430F67661A device.

MSP430F67651A Device Erratasheet. Describes
specifications for the MSP430F67651A device.

MSP430F67491A Device Erratasheet. Describes
specifications for the MSP430F67491A device.

MSP430F67481A Device Erratasheet. Describes
specifications for the MSP430F67481A device.

MSP430F67471A Device Erratasheet. Describes
specifications for the MSP430F67471A device.

MSP430F67461A Device Erratasheet. Describes
specifications for the MSP430F67461A device.

MSP430F67451A Device Erratasheet. Describes
specifications for the MSP430F67451A device.
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8.3 Related Links

The following table lists quick access links. Categories include technical documents, support and
community resources, tools and software, and quick access to sample or buy.

Table 8-1. Related Links

PARTS PRODUCT FOLDER SAMPLE & BUY J(I)E(?SI\N/IE:I\’IATLS SB(ID:('I?\II_VSASE ggfﬂ';ﬂ%%}%
MSP430F67791A Click here Click here Click here Click here Click here
MSP430F67781A Click here Click here Click here Click here Click here
MSP430F67771A Click here Click here Click here Click here Click here
MSP430F67761A Click here Click here Click here Click here Click here
MSP430F67751A Click here Click here Click here Click here Click here
MSP430F67691A Click here Click here Click here Click here Click here
MSP430F67681A Click here Click here Click here Click here Click here
MSP430F67671A Click here Click here Click here Click here Click here
MSP430F67661A Click here Click here Click here Click here Click here
MSP430F67651A Click here Click here Click here Click here Click here
MSP430F67491A Click here Click here Click here Click here Click here
MSP430F67481A Click here Click here Click here Click here Click here
MSP430F67471A Click here Click here Click here Click here Click here
MSP430F67461A Click here Click here Click here Click here Click here
MSP430F67451A Click here Click here Click here Click here Click here

8.4 Community Resources

The following links connect to TI community resources. Linked contents are provided "AS IS" by the
respective contributors. They do not constitute Tl specifications and do not necessarily reflect Tl's views;
see Tl's Terms of Use.

Tl E2E Community

TI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration among engineers. At
e2e.ti.com, you can ask questions, share knowledge, explore ideas, and help solve problems with fellow

engineers.

TI Embedded Processors Wiki

Texas Instruments Embedded Processors Wiki. Established to help developers get started with embedded
processors from Texas Instruments and to foster innovation and growth of general knowledge about the

hardware and software surrounding these devices.

8.5 Trademarks
MSP430, Code Composer Studio are trademarks of Texas Instruments.

Wi-Fi is a registered trademark of Wi-Fi Alliance.
ZigBee is a registered trademark of ZigBee Alliance.
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8.6 Electrostatic Discharge Caution

This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled with
A appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

m ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may be more
susceptible to damage because very small parametric changes could cause the device not to meet its published specifications.

8.7 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms and definitions.

9 Mechanical, Packaging, and Orderable Information

The following pages include mechanical packaging and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and
revision of this document. For browser-based versions of this data sheet, refer to the left-hand navigation.

Copyright © 2014, Texas Instruments Incorporated Mechanical, Packaging, and Orderable Information 165
Submit Documentation Feedback
Product Folder Links: MSP430F67791A MSP430F67781A MSP430F67771A MSP430F67761A MSP430F67751A
MSP430F67691A MSP430F67681A MSP430F67671A MSP430F67661A MSP430F67651A MSP430F67491A
MSP430F67481A MSP430F67471A MSP430F67461A MSP430F67451A


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.ti.com/lit/pdf/SLYZ022
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

H PACKAGE OPTION ADDENDUM

13 TEXAS
INSTRUMENTS

www.ti.com 30-May-2014

PACKAGING INFORMATION

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

® MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

© Lead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the finish
value exceeds the maximum column width.

Important Information and Disclaimer:The information provided on this page represents TlI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.
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Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
I Drawing Qty @ (6) (3) (4/5)
MSP430F67791AIPZ ACTIVE LQFP PZ 100 90 Green (RoHS CU NIPDAU Level-3-260C-168 HR ~ -40 to 85 F67791A
& no Sh/Br)
MSP430F67791AIPZR ACTIVE LQFP PZ 100 1000 Gg[een s(l;/%H)s CU NIPDAU Level-3-260C-168 HR ~ -40to 85 F67791A
no r



http://www.ti.com/product/MSP430F67791A?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/MSP430F67791A?CMP=conv-poasamples#samplebuy
http://www.ti.com/productcontent
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In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.

Addendum-Page 2



MECHANICAL DATA

MTQFO013A — OCTOBER 1994 — REVISED DECEMBER 1996

PZ (S-PQFP-G100) PLASTIC QUAD FLATPACK
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NOTES: A. Alllinear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Falls within JEDEC MS-026
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by TI for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Ill (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.

Products Applications
Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom  www.ti.com/communications

Data Converters
DLP® Products

DSP

Clocks and Timers
Interface

Logic

Power Mgmt
Microcontrollers
RFID

OMAP Applications Processors
Wireless Connectivity

dataconverter.ti.com

www.dlp.com

dsp.ti.com
www.ti.com/clocks

interface.ti.com

logic.ti.com

power.ti.com
microcontroller.ti.com

www.ti-rfid.com
www.ti.com/omap

Computers and Peripherals
Consumer Electronics
Energy and Lighting
Industrial

Medical

Security

Space, Avionics and Defense
Video and Imaging

Tl E2E Community

www.ti.com/wirelessconnectivity

www.ti.com/computers

www.ti.com/consumer-apps

www.ti.com/energy
www.ti.com/industrial

www.ti.com/medical

www.ti.com/security
www.ti.com/space-avionics-defense

www.ti.com/video

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2014, Texas Instruments Incorporated
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