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Changes from February 25, 2015 to October 3, 2018 Page
I 1) N N VA7 R =1 L - D= N K P i N PP 1
o Added Section 3.1, Related PrOOUCES tiuuuiiiieiiiietiittsssiseesnissessssesssssreessseesstereenstemierstttiisstersssnres 6
L Vo (o [=To IS Tod o] o N BN ST = T 1= 1Y/ o1 31
< Added typical conditions statements at the beginning of Section 5, Specifications .......cvviiiiiiiiiiii i rnineenns 32
* Added SD24_B input pins and AUXVCCXx pins to exception list on "Voltage applied to pins" parameter, and
added SD24_B input pin limits in "Diode current at pins" parameter in Section 5.1, Absolute Maximum Ratings..... 32
* Added Section 5.7, Thermal ResiStanCe CharaCteriStiCS ..uuuuiiereiiriieiiierntesesnssssssntssssnssssssnssssssssssssssesees 37
« Corrected the type of nonvolatile memory (changed "FRAM" to "flash") in 7 5.8.1, Power Supply Sequencing...... 38

e Updated notes (1) and (2) and added note (3) in Table 5-1, Wake-up Times From Low-Power Modes and Reset .. 38
» Changed the MIN value of the Vpycc gor_nys) Parameter from 60 mv to 50 mV in Table 5-12, PMM, Brownout

ST =T A (210 ] 48
* Replaced fg,me parameter with fcp, frrame amux 8N ferave smux Parameters in Table 5-33, LCD_C Operating
L0 T 11110} L 60
* Removed ADC10DIV from the formula for the TYP value in the second row for tconvert in Table 5-44, 10-Bit
ADC, Timing Parameters, because fapciocik IS after diViSION .....eeeiiiii i d e e rnnee e 69
e Updated Test Conditions for all parameters in Table 5-45, 10-Bit ADC, Linearity Parameters: changed from
"(Vereesr — Verer)MIN < (Verers — Verero)" 10 "1.4 V £ (Verers — Verer) IN @Il CASES.viiiiiiiiiiiiiii e vnnieeennnes 70
e Added "Cyerers = 20 PF" 10 E; TeSt CONAILIONS. 1t tuutiiuseiterseiieisie st sr s s s s s s e raaeaas 70
« Changed all instances of "bootloader” to "bootloader" throughout dOCUMENt.......ccieiiiiiiiiiiii i rieee s 79
« Corrected spelling of NMIIFG in 3 6-9, System Module Interrupt Vector REGISIErS....vuvururrrerereernrerenenenennns 85
o CEERTINTFR LASLHFRR D BN 8.3 LR GHME o 145
T S W O o L NS B s L | R PP 146
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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 i ®) CHANNEL A: .
DEVICE (KB) (KB) CONVERTERS CHANNELS Timer_A U o CHANNEL B: 1/Os PACKAGE
; ' SPI, I’C
SPI
. 72 100 PZ
MSPA430F67641A 128 8 3 6 ext, 2 int 3,2,22 3 1 50 80 PN
. 72 100 PZ
MSP430F67621A 64 4 3 6 ext, 2 int 3,2,2,2 3 1 50 80 PN

@

(2)
©)

3.1

For the most current package and ordering information, see the Package Option Addendum in 17 9, or see the Tl website at
www.ti.com.

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

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.

Related Products

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

Products for Tl Microcontrollers TI's low-power and high-performance MCUs, with wired and wireless
connectivity options, are optimized for a broad range of applications.

Products for MSP430 Ultra-Low-Power Microcontrollers One platform. One ecosystem. Endless
possibilities. Enabling the connected world with innovations in ultra-low-power
microcontrollers with advanced peripherals for precise sensing and measurement.

Companion Products for MSP430F67641A Review products that are frequently purchased or used with
this product.

Reference Designs for MSP430F67641A The TI Designs Reference Design Library is a robust
reference design library that spans analog, embedded processor, and connectivity. Created
by Tl experts to help you jump start your system design, all Tl Designs include schematic or
block diagrams, BOMs, and design files to speed your time to market.

Device Comparison Copyright © 2015-2018, Texas Instruments Incorporated
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4 Terminal Configuration and Functions

4.1 Pin Diagrams

Figure 4-1 shows the pinout for the 100-pin PZ package.
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NOTE: The secondary digital functions on Ports P1, P2, and P3 are fully mappable. This pinout shows the default mapping.

See T 6.12.6 for details.

NOTE: The pins VDSYS and DVSYS must be connected externally on the board for proper device operation.
CAUTION: The LCDCAP/R33 pin must be connected to DVSS if not used.

Figure 4-1. Pin Designation — PZ Package (Top View)

Copyright © 2015-2018, Texas Instruments Incorporated
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Figure 4-2 shows the pinout for the 80-pin PN package.
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NOTE: The secondary digital functions on Ports P1, P2, and P3 are fully mappable. This pinout shows the default mapping.
See 17 6.12.6 for details.

NOTE: The pins VDSYS and DVSYS must be connected externally on the board for proper device operation.
CAUTION: The LCDCAP/R33 pin must be connected to DVSS if not used.

Figure 4-2. Pin Designation — PN Package (Top View)

8 Terminal Configuration and Functions Copyright © 2015-2018, Texas Instruments Incorporated
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4.2 Pin Attributes
Table 4-1 lists the pin attributes for the PZ package. See Table 4-2 for the PN package.

Table 4-1. Pin Attributes, PZ Package

PIN NO. SIGNAL NAME® @ | SIGNAL TYPE® BUFFER TYPE® POWER SOURCE RESET SB;T(E) AFTER
1 SDOPO | Analog AVCC OFF
2 SDONO | Analog AVCC OFF
3 SD1PO | Analog AVCC OFF
4 SDINO | Analog AVCC OFF
5 SD2P0 | Analog AVCC OFF
6 SD2NO0 | Analog AVCC OFF
7 VREF | Analog AVCC OFF
8 AVSS P Power - N/A
9 AVCC P Power - N/A
10 VASYS P Power - N/A
P9.1 1/0 LVCMOS DVCC OFF
1 A5 | Analog AVCC -
P9.2 1/0 LVCMOS DVCC OFF
12 Ad | Analog AVCC -
P9.3 1/0 LVCMOS DVCC OFF
13 A3 | Analog AVCC -
P1.0 1/0 LVCMOS DVCC OFF
PM_TAO0.0 1/0 LVCMOS DVCC -
14 VeREF- | Analog AVCC -
A2 | LVCMOS DVCC -
P1.1 1/0 LVCMOS DVCC OFF
PM_TAO.1 1/0 LVCMOS DVCC -
15 VeREF+ | LVCMOS DVCC -
Al | Analog AVCC -
P1.2 1/0 LVCMOS DVCC OFF
PM_UCAORXD | LVCMOS DVCC -
16 PM_UCAOSOMI 1/0 LVCMOS DVCC -
A0 | Analog AVCC -
P1.3 1/0 LVCMOS DVCC OFF
PM_UCAOTXD O LVCMOS DVCC -
17 PM_UCAOSIMO 1/0 LVCMOS DVCC -
RO3 1/0 Analog AVCC -
18 AUXVCC2 P Power - N/A
19 AUXVCC1 P Power - N/A
20 VDSYS P Power - N/A
21 DvCC P Power - N/A
22 DVSS P Power - N/A
23 VCORE P Power - N/A
(1) For each multiplexed pin, the signal that is listed first in this table is the reset default.
(2) To determine the pin mux encodings for each pin, refer to 7 6.13, Input/Ouput Schematics.
(3) Signal Types: | = Input, O = Qutput, I/O = Input or Output
(4) Buffer Types: LVCMOS, Analog, or Power (see Table 4-5, Buffer Type)
(5) Reset States:
OFF = High-impedance input with pullup or pulldown disabled (if available)
PU = High-impedance input with pullup enabled
N/A = Not applicable
Copyright © 2015-2018, Texas Instruments Incorporated Terminal Configuration and Functions 9
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Table 4-1. Pin Attributes, PZ Package (continued)

PIN NO. SIGNAL NAME® @ | SIGNAL TYPE® BUFFER TYPE® POWER SOURCE RESET SBA&T(E AFTER
24 XIN [ LVCMOS DvCC OFF
25 XOUT o] LVCMOS DvCC OFF
26 AUXVCC3 P Power - N/A

P1.4 IO LVCMOS pvCC OFF
PM_UCAIRXD [ LVCMOS DvCC -
27 PM_UCALSOMI IO LVCMOS DvCC -
LCDREF [ Analog AvCC -
R13 1/0 Analog AVCC -
P15 IO LVCMOS pvCC OFF
PM_UCALTXD o] LVCMOS DvCC -
28 PM_UCA1SIMO IO LVCMOS DvCC -
R23 110 Analog AVCC -
- LCDCAP IO Analog AvCC OFF
R33 1/0 Analog AVCC -
P8.4 IO LVCMOS DvCC OFF
%0 TAL0 IO LVCMOS DvCC -
P8.5 IO LVCMOS pvCC OFF
3 TAL1 IO LVCMOS DvCC -
32 COMO o] LVCMOS pvCC OFF
33 com1 o] LVCMOS pvCC OFF
34 COM2 o] LVCMOS DvCC OFF
35 COMS3 o] LVCMOS pvCC OFF
P16 IO LVCMOS DvCC OFF
36 PM_UCAOCLK IO LVCMOS pvCC -
Ccom4 o] LVCMOS pvCC -
P1.7 IO LVCMOS DvCC OFF
37 PM_UCBOCLK IO LVCMOS pvCC -
COMS5 o] LVCMOS DvCC -
P2.0 IO LVCMOS pvCC OFF
PM_UCBOSOMI IO LVCMOS pvCC -
% PM_UCBOSCL IO LVCMOS DvCC -
COM6 o] LVCMOS pvCC -
P2.1 IO LVCMOS pvCC OFF
PM_UCBOSIMO IO LVCMOS pvCC -
% PM_UCBOSDA IO LVCMOS pvCC -
COM?7 o] LVCMOS pvCC -
P8.6 IO LVCMOS pvCC OFF
40 TA2.0 IO LVCMOS pvCC -
P8.7 IO LVCMOS pvCC OFF
o TA2.1 IO LVCMOS pvCC -
P9.0 IO LVCMOS pvCC OFF
42 TACLK [ LVCMOS pvCC -
RTCCLK o] LVCMOS pvCC -
p2.2 IO LVCMOS pvCC OFF
43 PM_UCA2RXD [ LVCMOS pvCC -
PM_UCA2SOMI IO LVCMOS DVCC -
10 Terminal Configuration and Functions Copyright © 2015-2018, Texas Instruments Incorporated

Submit Documentation Feedback

Product Folder Links: MSP430F67641A MSP430F67621A



13 TEXAS

INSTRUMENTS

www.ti.com.cn

MSP430F67641A, MSP430F67621A
ZHCSDESA —~FEBRUARY 2015-REVISED OCTOBER 2018

Table 4-1. Pin Attributes, PZ Package (continued)

PIN NO. SIGNAL NAME® @ | SIGNAL TYPE® BUFFER TYPE® POWER SOURCE RESET SBA&T(E AFTER
p2.3 IO LVCMOS DvCC OFF
44 PM_UCA2TXD o] LVCMOS DvCC -
PM_UCA2SIMO IO LVCMOS pvCC -
pP2.4 IO LVCMOS pvCC OFF
* PM_UCALCLK IO LVCMOS DvCC -
pP2.5 IO LVCMOS DvCC OFF
40 PM_UCA2CLK IO LVCMOS DvCC -
P2.6 IO LVCMOS pvCC OFF
4 PM_TAL.0 IO LVCMOS pvCC -
p2.7 IO LVCMOS DvCC OFF
8 PM_TAL.1 IO LVCMOS DvCC -
P3.0 IO LVCMOS DvCC OFF
49 PM_TA2.0 IO LVCMOS pvCC -
BSL_TX o] LVCMOS pvCC -
P3.1 IO LVCMOS DvCC OFF
50 PM_TA2.1 IO LVCMOS DvCC -
BSL_RX [ LVCMOS pvCC -
P3.2 IO LVCMOS DvCC OFF
51 PM_TACLK [ LVCMOS pvCC -
PM_RTCCLK o] LVCMOS pvCC -
5 P3.3 IO LVCMOS DvCC OFF
PM_TA0.2 IO LVCMOS pvCC -
P3.4 IO LVCMOS DvCC OFF
53 PM_SDCLK IO LVCMOS pvCC -
S39 o] LVCMOS pvCC -
P3.5 IO LVCMOS DvCC OFF
54 PM_SDODIO IO LVCMOS pvCC -
S38 o] LVCMOS DvCC -
P3.6 IO LVCMOS pvCC OFF
55 PM_SD1DIO IO LVCMOS pvCC -
S37 o] LVCMOS DvCC -
P3.7 IO LVCMOS pvCC OFF
56 PM_SD2DIO IO LVCMOS pvCC -
S36 o] LVCMOS pvCC -
57 P4.0 IO LVCMOS pvCC OFF
S35 o] LVCMOS pvCC -
P4.1 IO LVCMOS pvCC OFF
%8 S34 o] LVCMOS pvCC -
P4.2 IO LVCMOS pvCC OFF
> S33 o] LVCMOS pvCC -
P4.3 IO LVCMOS pvCC OFF
%0 S32 o] LVCMOS pvCC -
61 P4.4 IO LVCMOS pvCC OFF
S31 o] LVCMOS pvCC -
6 P4.5 IO LVCMOS pvCC OFF
S30 o] LVCMOS DVCC -
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Table 4-1. Pin Attributes, PZ Package (continued)

PIN NO. SIGNAL NAME® @ | SIGNAL TYPE® BUFFER TYPE® POWER SOURCE RESET SBA&T(E AFTER
P4.6 IO LVCMOS DvCC OFF
o S29 o] LVCMOS DvCC -
P4.7 IO LVCMOS pvCC OFF
o S28 o] LVCMOS pvCC -
P5.0 IO LVCMOS DvCC OFF
% S27 o] LVCMOS DvCC -
P5.1 IO LVCMOS DvCC OFF
% S26 o] LVCMOS pvCC -
P5.2 IO LVCMOS pvCC OFF
o S25 o] LVCMOS DvCC -
P5.3 IO LVCMOS DvCC OFF
%8 S24 o] LVCMOS DvCC -
P5.4 IO LVCMOS pvCC OFF
o S23 o] LVCMOS pvCC -
P5.5 IO LVCMOS DvCC OFF
0 S22 o] LVCMOS DvCC -
P5.6 IO LVCMOS pvCC OFF
" S21 o] LVCMOS DvCC -
P5.7 IO LVCMOS pvCC OFF
2 S20 o] LVCMOS pvCC -
P6.0 IO LVCMOS DvCC OFF
° S19 o] LVCMOS pvCC -
74 DVSYS P Power - N/A
75 DVSS P Power - N/A
P6.1 IO LVCMOS pvCC OFF
° S18 o] LVCMOS DvCC -
P6.2 IO LVCMOS pvCC OFF
7 S17 o] LVCMOS DvCC -
P6.3 IO LVCMOS pvCC OFF
® S16 o] LVCMOS pvCC -
P6.4 IO LVCMOS DvCC OFF
° S15 o] LVCMOS pvCC -
P6.5 IO LVCMOS pvCC OFF
% S14 o] LVCMOS pvCC -
P6.6 IO LVCMOS pvCC OFF
i S13 o] LVCMOS pvCC -
P6.7 IO LVCMOS pvCC OFF
8 S12 o] LVCMOS pvCC -
P7.0 IO LVCMOS pvCC OFF
8 S11 o] LVCMOS pvCC -
P7.1 IO LVCMOS pvCC OFF
i S10 o] LVCMOS pvCC -
P7.2 IO LVCMOS pvCC OFF
8 S9 o] LVCMOS pvCC -
P7.3 IO LVCMOS pvCC OFF
8 S8 o] LVCMOS DVCC -
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Table 4-1. Pin Attributes, PZ Package (continued)

PIN NO. SIGNAL NAME® @ | SIGNAL TYPE® BUFFER TYPE® POWER SOURCE RESET SBA&T(E AFTER
P7.4 /0 LVCMOS DVCC OFF
i S7 0 LVCMOS DVCC -
P7.5 /0 LVCMOS DVCC OFF
% S6 0 LVCMOS DVCC -
P7.6 /0 LVCMOS DVCC OFF
% S5 0 LVCMOS DVCC -
P7.7 /0 LVCMOS DVCC OFF
%0 S4 0 LVCMOS DVCC -
oL P8.0 /0 LVCMOS DVCC OFF
S3 0 LVCMOS DVCC -
o P8.1 /0 LVCMOS DVCC OFF
S2 0 LVCMOS DVCC -
P8.2 /0 LVCMOS DVCC OFF
% S1 0 LVCMOS DVCC -
o P8.3 /0 LVCMOS DVCC OFF
S0 0 LVCMOS DVCC -
TEST [ LVCMOS DVCC OFF
% SBWTCK [ LVCMOS DVCC -
PJ.0 /0 LVCMOS DVCC OFF
96 SMCLK 0 LVCMOS DVCC -
TDO 0 LVCMOS DVCC -
PJ.1 /0 LVCMOS DVCC OFF
MCLK 0 LVCMOS DVCC -
¥ DI [ LVCMOS DVCC -
TCLK [ LVCMOS DVCC -
PJ.2 /0 LVCMOS DVCC OFF
98 ADC10CLK 0 LVCMOS DVCC -
T™S [ LVCMOS DVCC -
PJ.3 /0 LVCMOS DVCC OFF
99 ACLK 0 LVCMOS DVCC -
TCK [ LVCMOS DVCC -
RST [ LVCMOS DVCC PU
100 NMI [ LVCMOS DVCC -
SBWTDIO /0 LVCMOS DVCC -
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Table 4-2 lists the pin attributes for the PN package. See Table 4-1 for the PZ package.

Table 4-2. Pin Attributes, PN Package

PIN NO. SIGNAL NAME @ @ | SIGNAL TYPE @ |  BUFFER TYPE ¢ POWER SOURCE RESET gg’;TE)AFTER
1 SDOPO | Analog AVCC OFF
2 SDONO | Analog AVCC OFF
3 SD1P0O | Analog AVCC OFF
4 SD1NO | Analog AVCC OFF
5 SD2P0O | Analog AVCC OFF
6 SD2NO | Analog AVCC OFF
7 VREF | Analog AVCC OFF
8 AVSS P Power - N/A
9 AVCC P Power - N/A
10 VASYS P Power - N/A

P1.0 110 LVCMOS DvCC OFF
PM_TA0.0 1/0 LVCMOS DvCC -
t VeREF- | Power - -
A2 | Analog AVCC -
P11 110 LVCMOS DvCC OFF
PM_TAO.1 110 LVCMOS DvCC -
12 VeREF+ | Power - -
Al | Analog AVCC -
P1.2 110 LVCMOS DvCC OFF
PM_UCAORXD | LVCMOS DvCC -
13 PM_UCAOSOMI 1/0 LVCMOS DvCC -
A0 | Analog AVCC -
P1.3 110 LVCMOS DvCC OFF
PM_UCAOQOTXD O LVCMOS DvCC -
14 PM_UCAO0SIMO 1/0 LVCMOS DvCC -
RO3 1/0 Analog AVCC -
15 AUXVCC2 P Power - N/A
16 AUXVCC1 P Power - N/A
17 VDSYS P Power - N/A
18 DvCC P Power - N/A
19 DVSS P Power - N/A
20 VCORE P Power - N/A
21 XIN | LVCMOS DvCC OFF
22 XOuT O LVCMOS DvCC OFF
23 AUXVCC3 Power - N/A

For each multiplexed pin, the signal that is listed first in this table is the reset default.

To determine the pin mux encodings for each pin, refer to ¥ 6.13, Input/Ouput Schematics.

Signal Types: | = Input, O = Output, I/O = Input or Output

Buffer Types: LVCMOS, Analog, or Power (see Table 4-5, Buffer Type)

Reset States:

OFF = High-impedance input with pullup or pulldown disabled (if available)
PU = High-impedance input with pullup enabled

N/A = Not applicable
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Table 4-2. Pin Attributes, PN Package (continued)

PIN NO. SIGNAL NAME @ @ | SIGNAL TYPE @ | BUFFER TYPE @ POWER SOURCE RESET S(T)'QT(E)AFTER
P1.4 IO LVCMOS DvCC OFF
PM_UCAIRXD [ LVCMOS DvCC -

24 PM_UCALSOMI IO LVCMOS pvCC -
LCDREF [ Analog AvCC -
R13 1/0 Analog AVCC -
P15 IO LVCMOS DvCC OFF
PM_UCALTXD o] LVCMOS DvCC -
2 PM_UCA1SIMO IO LVCMOS pvCC -
R23 1/0 Analog AVCC -
o6 LCDCAP IO Analog AvCC OFF
R33 IO Analog AvCC OFF
27 COMO o] LVCMOS DvCC OFF
28 com1 o] LVCMOS pvCC OFF
29 COM2 o] LVCMOS pvCC OFF
30 COMS3 o] LVCMOS DvCC OFF
P16 IO LVCMOS DvCC OFF
31 PM_UCAOCLK IO LVCMOS pvCC -
Ccom4 o] LVCMOS DvCC -
P1.7 IO LVCMOS pvCC OFF
32 PM_UCBOCLK IO LVCMOS pvCC -
COMS5 o] LVCMOS DvCC -
P2.0 IO LVCMOS pvCC OFF
PM_UCBOSOMI IO LVCMOS DvCC -
33 PM_UCBOSCL IO LVCMOS pvCC -
COM6 o] LVCMOS pvCC -
S39 o] LVCMOS DvCC -
P2.1 IO LVCMOS pvCC OFF
PM_UCBOSIMO IO LVCMOS DvCC -
34 PM_UCBOSDA IO LVCMOS pvCC -
COM?7 o] LVCMOS pvCC -
S38 o] LVCMOS DvCC -
p2.2 IO LVCMOS pvCC OFF
PM_UCA2RXD [ LVCMOS pvCC -
» PM_UCA2SOMI IO LVCMOS pvCC -
S37 o] LVCMOS pvCC -
p2.3 IO LVCMOS pvCC OFF
PM_UCA2TXD o] LVCMOS pvCC -
% PM_UCA2SIMO IO LVCMOS pvCC -
S36 o] LVCMOS pvCC -
pP2.4 IO LVCMOS pvCC OFF
37 PM_UCALCLK IO LVCMOS pvCC -
S35 o] LVCMOS pvCC -
p2.5 IO LVCMOS pvCC OFF
38 PM_UCA2CLK IO LVCMOS pvCC -
S34 o] LVCMOS DVCC -
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Table 4-2. Pin Attributes, PN Package (continued)

PIN NO. SIGNAL NAME @ @ | SIGNAL TYPE @ | BUFFER TYPE @ POWER SOURCE RESET S(T)'QT(E)AFTER
P2.6 IO LVCMOS DvCC OFF
39 PM_TAL.0 IO LVCMOS DvCC -
S33 o] LVCMOS pvCC -
p2.7 IO LVCMOS pvCC OFF
40 PM_TAL.1 IO LVCMOS DvCC -
S32 o] LVCMOS DvCC -
P3.0 IO LVCMOS DvCC OFF
PM_TA2.0 IO LVCMOS pvCC -
o S31 o] LVCMOS pvCC -
BSL_TX o] LVCMOS DvCC -
P3.1 IO LVCMOS DvCC OFF
PM_TA2.1 IO LVCMOS DvCC -
4 S30 o] LVCMOS pvCC -
BSL_RX [ LVCMOS pvCC -
P3.2 IO LVCMOS DvCC OFF
PM_TACLK [ LVCMOS DvCC -
3 PM_RTCCLK o] LVCMOS pvCC -
S29 o] LVCMOS DvCC -
P3.3 IO LVCMOS pvCC OFF
44 PM_TA0.2 IO LVCMOS pvCC -
S28 o] LVCMOS DvCC -
P3.4 IO LVCMOS pvCC OFF
45 PM_SDCLK IO LVCMOS DvCC -
S27 o] LVCMOS pvCC -
P3.5 IO LVCMOS pvCC OFF
46 PM_SDODIO IO LVCMOS DvCC -
S26 o] LVCMOS pvCC -
P3.6 IO LVCMOS DvCC OFF
a7 PM_SD1DIO IO LVCMOS pvCC -
S25 o] LVCMOS pvCC -
P3.7 IO LVCMOS DvCC OFF
48 PM_SD2DIO IO LVCMOS pvCC -
S24 o] LVCMOS pvCC -
P4.0 IO LVCMOS pvCC OFF
9 S23 o] LVCMOS pvCC -
P4.1 IO LVCMOS pvCC OFF
>0 S22 o] LVCMOS pvCC -
P4.2 IO LVCMOS pvCC OFF
> S21 o] LVCMOS pvCC -
P4.3 IO LVCMOS pvCC OFF
> S20 o] LVCMOS pvCC -
P4.4 IO LVCMOS pvCC OFF
> S19 o] LVCMOS pvCC -
P4.5 IO LVCMOS pvCC OFF
> S18 o] LVCMOS pvCC -
P4.6 IO LVCMOS pvCC OFF
> S17 o] LVCMOS DVCC -
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Table 4-2. Pin Attributes, PN Package (continued)

PIN NO. SIGNAL NAME @ @ | SIGNAL TYPE @ | BUFFER TYPE @ POWER SOURCE RESET S(T)'QT(E)AFTER
P4.7 IO LVCMOS DvCC OFF
% S16 o] LVCMOS DvCC -
P5.0 IO LVCMOS pvCC OFF
> S15 o] LVCMOS pvCC -
P5.1 IO LVCMOS DvCC OFF
%8 S14 o] LVCMOS DvCC -
59 DVSYS P Power - N/A
60 DVSS P Power - N/A
P5.2 IO LVCMOS pvCC OFF
o S13 o] LVCMOS DvCC -
P5.3 IO LVCMOS DvCC OFF
62 S12 o] LVCMOS DvCC -
P5.4 IO LVCMOS pvCC OFF
o S11 o] LVCMOS pvCC -
P5.5 IO LVCMOS DvCC OFF
o S10 o] LVCMOS DvCC -
P5.6 IO LVCMOS pvCC OFF
% S9 o] LVCMOS DvCC -
P5.7 IO LVCMOS pvCC OFF
% S8 o] LVCMOS pvCC -
P6.0 IO LVCMOS DvCC OFF
o S7 o] LVCMOS pvCC -
P6.1 IO LVCMOS DvCC OFF
%8 S6 o] LVCMOS pvCC -
P6.2 IO LVCMOS pvCC OFF
o S5 o] LVCMOS DvCC -
70 P6.3 IO LVCMOS pvCC OFF
S4 o] LVCMOS DvCC -
- P6.4 IO LVCMOS pvCC OFF
S3 o] LVCMOS pvCC -
2 P6.5 IO LVCMOS DvCC OFF
S2 o] LVCMOS pvCC -
73 P6.6 IO LVCMOS pvCC OFF
S1 o] LVCMOS pvCC -
24 P6.7 IO LVCMOS pvCC OFF
S0 o] LVCMOS pvCC -
- TEST [ LVCMOS pvCC OFF
SBWTCK [ LVCMOS pvCC -
PJ.O IO LVCMOS pvCC OFF
76 SMCLK o] LVCMOS pvCC -
TDO o] LVCMOS pvCC -
PJ.1 IO LVCMOS pvCC OFF
MCLK o] LVCMOS pvCC -
7 DI [ LVCMOS pvCC -
TCLK [ LVCMOS DVCC -
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Table 4-2. Pin Attributes, PN Package (continued)

PIN NO. SIGNAL NAME @ @ | SIGNAL TYPE @ | BUFFER TYPE @ POWER SOURCE RESET S(T)'QT(E)AFTER

PJ.2 IO LVCMOS DvCC OFF

78 ADCI10CLK o] LVCMOS DvCC -
T™S [ LVCMOS pvCC -
PJ.3 IO LVCMOS pvCC OFF

79 ACLK o] LVCMOS DvCC -
TCK [ LVCMOS DvCC -
RST [ LVCMOS DvCC PU

80 NMI [ LVCMOS pvCC -
SBWTDIO IO LVCMOS DVCC -
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4.3 Signal Descriptions
Table 4-3 describes the signals for the 100-pin PZ package. See Table 4-4 for the 80-pin PN package.

Table 4-3. Signal Descriptions — PZ Package

SIGNAL SIGNAL
FUNCTION SIGNAL NAME NO. TYPED DESCRIPTION
A0 16 | Analog input A0 for 10-bit ADC
Al 15 | Analog input Al for 10-bit ADC
A2 14 | Analog input A2 for 10-bit ADC
A3 13 | Analog input A3 for 10-bit ADC
A4 12 | Analog input A4 for 10-bit ADC
ADC10 - .
A5 11 | Analog input A5 for 10-bit ADC
ADC10CLK 98 (0] ADC10_A clock output
VeREF+ 15 | Positive terminal for the ADC reference voltage for an external
applied reference voltage
VeREF- 14 | Negatlve terminal for the ADC reference voltage for an external
applied reference voltage
BSL BSL_RX 50 | Bootloader: Data receive
BSL_TX 49 O Bootloader: Data transmit
ACLK 99 (0] ACLK clock output
MCLK 97 (0] MCLK clock output
PM_RTCCLK 51 (0] Default mapping: RTCCLK clock output
Clock RTCCLK 42 (0] RTCCLK clock output
SMCLK 96 (0] SMCLK clock output
XIN 24 | Input terminal for crystal oscillator
XOouT 25 (0] Output terminal for crystal oscillator
SBWTCK 95 | Spy-Bi-Wire input clock
SBWTDIO 100 110 Spy-Bi-Wire data input/output
TCK 99 | Test clock
TCLK 97 | Test clock input
Debug -
TDI 97 | Test data input
TDO 96 (0] Test data output
TEST 95 | Test mode pin — select digital /O on JTAG pins
T™MS 98 | Test mode select
P1.0 14 /o General-purposc_a digital I/O with port interrupt and mappable
secondary function
P1.1 15 e General-purposg digital 1/0 with port interrupt and mappable
secondary function
P12 16 /o General-purposc_a digital I/O with port interrupt and mappable
secondary function
P13 17 e General-purposg digital 1/0 with port interrupt and mappable
GPIO secondary function
P14 27 /o General-purposc_a digital I/O with port interrupt and mappable
secondary function
P15 o8 e General-purposg digital 1/0 with port interrupt and mappable
secondary function
General-purpose digital I/O with port interrupt and mappable
P16 36 o secondary function
P17 37 e General-purposg digital 1/0 with port interrupt and mappable
secondary function
(1) 1=input, O = output, P = power
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Table 4-3. Signal Descriptions — PZ Package (continued)

FUNCTION SIGNAL NAME SI(’\BKI\;,.AL ?_I\?PNEA(‘{; DESCRIPTION

P2.0 38 /o Seecr:)enrg;r;;u;’&?;(ieoilgltal I/0 with port interrupt and mappable
P21 39 /0 Seecrlirggs/ufrgr?cst?oﬂigital I/0 with port interrupt and mappable
P22 43 /o Seecr:)enrg;r;;u;’&?;(ieoilgltal I/O with port interrupt and mappable
p2.3 a4 /0 Seecrlirggs/ufrgr?cst?oﬂigital I/0 with port interrupt and mappable
P24 45 /o Seecr:)enrg;r;;u;’&?;(ieoilgltal I/O with port interrupt and mappable
P25 26 /0 Seecrlirggs/ufrgr?cst?oﬂigital I/0 with port interrupt and mappable
P26 a7 /o Seecr:)enrgggu;’&?;(ieoiigital I/O with port interrupt and mappable
P27 48 /0 Seecrlirggs/ufrgr?cst?oﬂigital I/0 with port interrupt and mappable
P3.0 49 I/0 General-purpose digital 1/0 with mappable secondary function
P3.1 50 I/0 General-purpose digital 1/0 with mappable secondary function
P3.2 51 I/0 General-purpose digital 1/0 with mappable secondary function
P3.3 52 I/0 General-purpose digital 1/0 with mappable secondary function
P3.4 53 I/0 General-purpose digital 1/0 with mappable secondary function
P3.5 54 I/0 General-purpose digital 1/0 with mappable secondary function
P3.6 55 I/0 General-purpose digital 1/0 with mappable secondary function
P3.7 56 I/0 General-purpose digital 1/0 with mappable secondary function
P4.0 57 I/0 General-purpose digital 1/0

GPIO P4.1 58 I/0 General-purpose digital 1/0
P4.2 59 I/0 General-purpose digital 1/0
P4.3 60 I/0 General-purpose digital 1/0
P4.4 61 I/0 General-purpose digital 1/0
P4.5 62 I/0 General-purpose digital 1/0
P4.6 63 I/0 General-purpose digital 1/0
P4.7 64 I/0 General-purpose digital 1/0
P5.0 65 I/0 General-purpose digital 1/0
P5.1 66 I/0 General-purpose digital 1/0
P5.2 67 I/0 General-purpose digital 1/0
P5.3 68 I/0 General-purpose digital 1/0
P5.4 69 I/0 General-purpose digital 1/0
P5.5 70 I/0 General-purpose digital 1/0
P5.6 71 I/0 General-purpose digital 1/0
P5.7 72 I/0 General-purpose digital 1/0
P6.0 73 I/0 General-purpose digital 1/0
P6.1 76 I/0 General-purpose digital 1/0
P6.2 77 I/0 General-purpose digital 1/0
P6.3 78 I/0 General-purpose digital 1/0
P6.4 79 I/0 General-purpose digital 1/0
P6.5 80 I/0 General-purpose digital 1/0
P6.6 81 I/0 General-purpose digital 1/0
P6.7 82 I/0 General-purpose digital 1/0
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Table 4-3. Signal Descriptions — PZ Package (continued)

FUNCTION SIGNAL NAME SIE(I\{AL ?_I\?P'\IIEA@I; DESCRIPTION

P7.0 83 I/0 General-purpose digital 1/0
P7.1 84 I/0 General-purpose digital 1/0
pP7.2 85 I/0 General-purpose digital 1/0
pP7.3 86 I/0 General-purpose digital 1/0
pP7.4 87 I/0 General-purpose digital 1/0
P7.5 88 I/0 General-purpose digital 1/0
P7.6 89 I/0 General-purpose digital 1/0
pP7.7 90 I/0 General-purpose digital 1/0
P8.0 91 I/0 General-purpose digital 1/0
P8.1 92 I/0 General-purpose digital 1/0
P8.2 93 I/0 General-purpose digital 1/0
P8.3 94 I/0 General-purpose digital 1/0

GPIO P8.4 30 I/0 General-purpose digital 1/0
P8.5 31 I/0 General-purpose digital 1/0
P8.6 40 I/0 General-purpose digital 1/0
P8.7 41 I/0 General-purpose digital 1/0
P9.0 42 I/0 General-purpose digital 1/0
P9.1 11 I/0 General-purpose digital 1/0
P9.2 12 I/0 General-purpose digital 1/0
P9.3 13 I/0 General-purpose digital 1/0
PJ.0 96 I/0 General-purpose digital 1/0
PJ.1 97 I/0 General-purpose digital 1/0
PJ.2 98 I/0 General-purpose digital 1/0
PJ.3 99 I/0 General-purpose digital 1/0

2c PM_UCBOSCL 38 I/0 Default mapping: eUSCI_BO I2C clock
PM_UCBOSDA 39 I/0 Default mapping: eUSCI_BO 1°C data
COMO 32 (@) LCD common output COMO for LCD backplane
COM1 33 O LCD common output COM1 for LCD backplane
COM2 34 (@) LCD common output COM2 for LCD backplane
COM3 35 O LCD common output COM3 for LCD backplane
COM4 36 O LCD common output COM4 for LCD backplane
COM5 37 (@) LCD common output COMS5 for LCD backplane
COM6 38 O LCD common output COM6 for LCD backplane

LcD com7 39 O LCD common output COM7 for LCD backplane
LCDCAP 29 Vo I(_Zi%'?%)lz\il?l'trot:isc ?)?r? ?r?ﬂgtn be connected to DVSS if not used.
LCDREF 27 | External reference voltage input for regulated LCD voltage
RO3 17 I/0 Input/output port of lowest analog LCD voltage (V5)
R13 27 /0 {;lf)ut/output port of third most positive analog LCD voltage (V3 or
R23 28 I/0 Input/output port of second most positive analog LCD voltage (V2)
R33 29 /o Input/output port Qf most positive analog LCD volt_age (V1)

CAUTION: This pin must be connected to DVSS if not used.
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Table 4-3. Signal Descriptions — PZ Package (continued)

FUNCTION SIGNAL NAME SIE(I\;,IAL ?_I\?P'\IIEA@I; DESCRIPTION
SO 94 O LCD segment output SO
S1 93 O LCD segment output S1
S2 92 O LCD segment output S2
S3 91 O LCD segment output S3
S4 90 O LCD segment output S4
S5 89 O LCD segment output S5
S6 88 O LCD segment output S6
S7 87 O LCD segment output S7
S8 86 O LCD segment output S8
S9 85 O LCD segment output S9
S10 84 O LCD segment output S10
S11 83 O LCD segment output S11
S12 82 O LCD segment output S12
S13 81 O LCD segment output S13
S14 80 O LCD segment output S14
S15 79 O LCD segment output S15
S16 78 O LCD segment output S16
S17 77 O LCD segment output S17
S18 76 O LCD segment output S18
S19 73 O LCD segment output S19

Lcb S20 72 O LCD segment output S20
S21 71 O LCD segment output S21
S22 70 O LCD segment output S22
S23 69 O LCD segment output S23
S24 68 O LCD segment output S24
S25 67 O LCD segment output S25
S26 66 O LCD segment output S26
S27 65 O LCD segment output S27
S28 64 O LCD segment output S28
S29 63 O LCD segment output S29
S30 62 O LCD segment output S30
S31 61 O LCD segment output S31
S32 60 O LCD segment output S32
S33 59 O LCD segment output S33
S34 58 O LCD segment output S34
S35 57 O LCD segment output S35
S36 56 O LCD segment output S36
S37 55 O LCD segment output S37
S38 54 O LCD segment output S38
S39 53 O LCD segment output S39
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Table 4-3. Signal Descriptions — PZ Package (continued)

FUNCTION SIGNAL NAME SIE(I\{AL ?_I\?P'\IIEA@I; DESCRIPTION

AUXVCC1 19 P Auxiliary power supply AUXVCC1
AUXVCC2 18 P Auxiliary power supply AUXVCC2
AUXVCC3 26 P Auxiliary power supply AUXVCC3 for backup subsystem
AVCC P Analog power supply
AVSS P Analog ground supply
DvCC 21 P Digital power supply

Power DVSS gé P Digital ground supply
DVSYS® 74 P Digital power supply for 1/Os
VASYS 10 P Analog power supply selected between A\_/CC, AUXVCC1,

AUXVCC2. Connect recommended capacitor value of Cysys (see ).
VCORE® 23 p EZ%EJAgt)ed core power supply (internal use only, no external current
VDSYS®@ 20 P Digital power supply selected between DV_CC, AUXVCC1,
AUXVCC2. Connect recommended capacitor value of Cysys (see ).

PM_SDO0ODIO 54 I/0 Default mapping: SD24_B converter O bit stream data input/output
PM_SD1DIO 55 I/0 Default mapping: SD24_B converter 1 bit stream data input/output
PM_SD2DIO 56 I/0 Default mapping: SD24_B converter 2 bit stream data input/output
PM_SDCLK 53 I/0 Default mapping: SD24_B bit stream clock input/output
SDONO 2 [ SD24_B negative analog input for converter 0¢)

SD24 SDOPO 1 [ SD24_B positive analog input for converter 0
SD1NO 4 [ SD24_B negative analog input for converter 1)
SD1PO 3 [ SD24_B positive analog input for converter 14
SD2NO 6 [ SD24_B negative analog input for converter 24
SD2P0 5 [ SD24_B positive analog input for converter 24
VREF 7 | SD24_B external reference voltage
PM_UCAOCLK 36 I/0 Default mapping: eUSCI_AO clock input/output
PM_UCAOSIMO 17 I/0 Default mapping: eUSCI_AO SPI slave in/master out
PM_UCAOSOMI 16 I/0 Default mapping: eUSCI_AO SPI slave out/master in
PM_UCAI1CLK 45 I/0 Default mapping: eUSCI_A1 clock input/output
PM_UCA1SIMO 28 I/0 Default mapping: eUSCI_A1 SPI slave in/master out

Pl PM_UCA1SOMI 27 I/0 Default mapping: eUSCI_A1 SPI slave out/master in
PM_UCA2CLK 46 I/0 Default mapping: eUSCI_A2 clock input/output
PM_UCA2SIMO 44 I/0 Default mapping: eUSCI_A2 SPI slave in/master out
PM_UCA2SOMI 43 I/0 Default mapping: eUSCI_A2 SPI slave out/master in
PM_UCBOCLK 37 I/0 Default mapping: eUSCI_BO clock input/output
PM_UCBOSIMO 39 I/0 Default mapping: eUSCI_BO SPI slave in/master out
PM_UCBOSOMI 38 I/0 Default mapping: eUSCI_BO SPI slave out/master in
NMI 100 | Nonmaskable interrupt input

System p— - -
RST 100 [ Reset input, active low®

(2) The pins VDSYS and DVSYS must be connected externally on the board for proper device operation.

(3) VCORE is for internal use only. No external current loading is possible. VCORE should only be connected to the recommended
capacitor value, CycoRe-

(4) TIrecommends shorting unused analog input pairs and connecting them to analog ground.

(5) When this pin is configured as reset, the internal pullup resistor is enabled by default.
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Table 4-3. Signal Descriptions — PZ Package (continued)

SIGNAL SIGNAL
FUNCTION SIGNAL NAME NO. TYPE®W DESCRIPTION
Default mapping: Timer TAO CCRO capture: CCIOA input, compare:
PM_TAO0.0 14 110 Out0 output
Default mapping: Timer TAO CCR1 capture: CCI1A input, compare:
PM_TAO0.1 15 I/0 Outl output
Default mapping: Timer TAO capture CCR2: CCI2A input, compare:
PM_TAO0.2 52 110 Out2 output
Default mapping: Timer TA1 capture CCRO: CCIOA input, compare:
PM_TA1.0 47 110 Out0 output
Default mapping: Timer TA1 capture CCR1: CCI1A input, compare:
PM_TA1.1 48 110 Outl output
Timer_A Default mapping: Timer TA2 capture CCRO: CCIOA input, compare:
PM_TA2.0 49 110 Out0 output
Default mapping: Timer TA2 capture CCR1: CCI1A input, compare:
PM_TA2.1 50 110 Outl output
PM_TACLK 51 | Default mapping: Timer clock input TACLK for TAO, TA1, TA2, TA3
TA1.0 30 I/0 Timer TA1 CCRO capture: CCIOA input, compare: OutO output
TAl.1l 31 I/0 Timer TA1 CCR1 capture: CCI1A input, compare: Outl output
TA2.0 40 I/0 Timer TA2 CCRO capture: CCIOA input, compare: OutO output
TA2.1 41 I/0 Timer TA2 CCR1 capture: CCI1A input, compare: Outl output
TACLK 42 | Timer clock input TACLK for TAO, TA1, TA2, TA3
PM_UCAORXD 16 | Default mapping: eUSCI_AO UART receive data
PM_UCAOTXD 17 (@) Default mapping: eUSCI_AO UART transmit data
UART PM_UCA1RXD 27 | Default mapping: eUSCI_A1 UART receive data
PM_UCAL1TXD 28 (@) Default mapping: eUSCI_A1 UART transmit data
PM_UCA2RXD 43 | Default mapping: eUSCI_A2 UART receive data
PM_UCA2TXD 44 (0] Default mapping: eUSCI_A2 UART transmit data
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Table 4-4 describes the signals for the 80-pin PN package. See Table 4-3 for the 100-pin PZ package.

Table 4-4. Signal Descriptions — PN Package

FUNCTION SIGNAL NAME Slﬁ(l\;o\L ?_I\?P’\g(‘b DESCRIPTION

A0 13 | Analog input AO for 10-bit ADC
Al 12 | Analog input Al for 10-bit ADC
A2 11 | Analog input A2 for 10-bit ADC

ADC10 ADC10CLK 78 o ADC10_A clock output
VeREF+ 12 | Z;)Fs)liitie\gerteefg?ér;ilef?/ro Ittr:; eADC reference voltage for an external
VeREE- 1 | gl&g);l?eti(;/? etfeerrrgri1ncae| \flc:)rlt?;eADC reference voltage for an external

BSL BSL_RX 42 | Bootloader: Data receive
BSL_TX 41 O Bootloader: Data transmit
ACLK 79 O ACLK clock output
MCLK 77 O MCLK clock output

Clock PM_RTCCLK 43 O Default mapping: RTCCLK clock output
SMCLK 76 O SMCLK clock output
XIN 21 | Input terminal for crystal oscillator
XOuT 22 O Output terminal for crystal oscillator
SBWTCK 75 | Spy-Bi-Wire input clock
SBWTDIO 80 110 Spy-Bi-Wire data input/output
TCK 79 | Test clock
TCLK 77 | Test clock input

Debug -
TDI 77 | Test data input
TDO 76 O Test data output
TEST 75 | Test mode pin — select digital I/O on JTAG pins
T™MS 78 | Test mode select

(1) 1=input, O = output
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Table 4-4. Signal Descriptions — PN Package (continued)

FUNCTION SIGNAL NAME SIESAL ?_I\?P'\IIEA(% DESCRIPTION
General-purpose digital 1/0 with port interrupt and mappable
P10 1 Vo secondary function
P11 12 /0 General-purpose digital 1/0 with port interrupt and mappable
’ secondary function
General-purpose digital 1/0 with port interrupt and mappable
P1.2 13 Vo secondary function
P1.3 14 /0 General-purpose digital 1/0 with port interrupt and mappable
’ secondary function
General-purpose digital 1/0 with port interrupt and mappable
Pl4 24 Vo secondary function
PL5 25 /0 General-purpose digital 1/0 with port interrupt and mappable
’ secondary function
General-purpose digital 1/0 with port interrupt and mappable
GPIO P16 31 Vo secondary function
P17 32 /0 General-purpose digital 1/0 with port interrupt and mappable
’ secondary function
General-purpose digital 1/0 with port interrupt and mappable
P2.0 33 Vo secondary function
P21 34 /0 General-purpose digital 1/0 with port interrupt and mappable
’ secondary function
General-purpose digital 1/0 with port interrupt and mappable
p2.2 35 Vo secondary function
General-purpose digital 1/0 with port interrupt and mappable
P2.3 36 Vo secondary function
General-purpose digital 1/0 with port interrupt and mappable
P2.4 37 Vo secondary function
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Table 4-4. Signal Descriptions — PN Package (continued)

FUNCTION SIGNAL NAME SIE(I\{AL ?_I\?PI\IIEA(% DESCRIPTION

P25 38 /o Seecr:)enrggr;;u;’ﬁr?;(ieoiigital I/O with port interrupt and mappable
P26 39 /0 sGeecrl)irgzl;r‘;ufrEr?cst?oﬂigital I/O with port interrupt and mappable
p2.7 20 /o Seecr:)enrggr;;u;’ﬁr?;(ieoiigital I/O with port interrupt and mappable
P3.0 41 I/0 General-purpose digital 1/0 with mappable secondary function
P3.1 42 I/0 General-purpose digital 1/0 with mappable secondary function
P3.2 43 I/0 General-purpose digital 1/0 with mappable secondary function
P3.3 44 I/0 General-purpose digital 1/0 with mappable secondary function
P3.4 45 I/0 General-purpose digital 1/0 with mappable secondary function
P3.5 46 I/0 General-purpose digital 1/0 with mappable secondary function
P3.6 a7 I/0 General-purpose digital 1/0 with mappable secondary function
P3.7 48 I/0 General-purpose digital 1/0 with mappable secondary function
P4.0 49 I/0 General-purpose digital 1/0
P4.1 50 I/0 General-purpose digital 1/0
P4.2 51 I/0 General-purpose digital 1/0
P4.3 52 I/0 General-purpose digital I1/0
P4.4 53 I/0 General-purpose digital 1/0
P4.5 54 I/0 General-purpose digital 1/0
P4.6 55 I/0 General-purpose digital 1/0

GPIO P4.7 56 I/0 General-purpose digital 1/0
P5.0 57 I/0 General-purpose digital 1/0
P5.1 58 I/0 General-purpose digital 1/0
P5.2 61 I/0 General-purpose digital 1/0
P5.3 62 I/0 General-purpose digital 1/0
P5.4 63 I/0 General-purpose digital I1/0
P5.5 64 I/0 General-purpose digital 1/0
P5.6 65 I/0 General-purpose digital 1/0
P5.7 66 I/0 General-purpose digital 1/0
P6.0 67 I/0 General-purpose digital I1/0
P6.1 68 I/0 General-purpose digital I1/0
P6.2 69 I/0 General-purpose digital 1/0
P6.3 70 I/0 General-purpose digital 1/0
P6.4 71 I/0 General-purpose digital 1/0
P6.5 72 I/0 General-purpose digital 1/0
P6.6 73 I/0 General-purpose digital 1/0
P6.7 74 I/0 General-purpose digital 1/0
PJ.0 76 I/0 General-purpose digital 1/0
PJ.1 77 I/0 General-purpose digital I1/0
PJ.2 78 I/0 General-purpose digital 1/0
PJ.3 79 I/0 General-purpose digital 1/0

e PM_UCBOSCL 33 I/0 Default mapping: eUSCI_BO I2C clock
PM_UCBOSDA 34 110 Default mapping: eUSCI_BO I°C data
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Table 4-4. Signal Descriptions — PN Package (continued)

FUNCTION SIGNAL NAME SIE(I\;AL ?_I\?PI\IIEA@I; DESCRIPTION
COMO 27 O LCD common output COMO for LCD backplane
COoM1 28 O LCD common output COM1 for LCD backplane
COM2 29 (@) LCD common output COM2 for LCD backplane
COM3 30 O LCD common output COM3 for LCD backplane
COomM4 31 O LCD common output COM4 for LCD backplane
COM5 32 O LCD common output COMS5 for LCD backplane
COM6 33 O LCD common output COM6 for LCD backplane
com7 34 (@) LCD common output COM7 for LCD backplane
LCDCAP 26 Vo I(_Zi%'?%)lz\il?l'trot:isc ?)?r? ?r?ﬂgtn be connected to DVSS if not used.
LCDREF 24 | External reference voltage input for regulated LCD voltage
RO3 14 I/0 Input/output port of lowest analog LCD voltage (V5)
R13 2 /0 {;lf)ut/output port of third most positive analog LCD voltage (V3 or
R23 25 I/0 Input/output port of second most positive analog LCD voltage (V2)
R33 26 /o Input/output port Qf most positive analog LCD volt_age (V1)
CAUTION: This pin must be connected to DVSS if not used.

SO 74 O LCD segment output SO
S1 73 O LCD segment output S1
S2 72 O LCD segment output S2

LCD S3 71 O LCD segment output S3
S4 70 O LCD segment output S4
S5 69 O LCD segment output S5
S6 68 O LCD segment output S6
S7 67 O LCD segment output S7
S8 66 O LCD segment output S8
S9 65 O LCD segment output S9
S10 64 O LCD segment output S10
S11 63 O LCD segment output S11
S12 62 O LCD segment output S12
S13 61 O LCD segment output S13
S14 58 O LCD segment output S14
S15 57 O LCD segment output S15
S16 56 O LCD segment output S16
S17 55 O LCD segment output S17
S18 54 O LCD segment output S18
S19 53 O LCD segment output S19
S20 52 O LCD segment output S20
S21 51 O LCD segment output S21
S22 50 O LCD segment output S22
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Table 4-4. Signal Descriptions — PN Package (continued)

FUNCTION SIGNAL NAME SIE(I\;AL ?_I\?P'\IIEA@I; DESCRIPTION

S23 49 O LCD segment output S23
S24 48 O LCD segment output S24
S25 47 O LCD segment output S25
S26 46 O LCD segment output S26
S27 45 O LCD segment output S27
S28 44 O LCD segment output S28
S29 43 O LCD segment output S29
S30 42 O LCD segment output S30

LCD S31 41 O LCD segment output S31
S32 40 O LCD segment output S32
S33 39 O LCD segment output S33
S34 38 O LCD segment output S34
S35 37 O LCD segment output S35
S36 36 O LCD segment output S36
S37 35 O LCD segment output S37
S38 34 O LCD segment output S38
S39 33 O LCD segment output S39
AUXVCC1 16 P Auxiliary power supply AUXVCC1
AUXVCC2 15 P Auxiliary power supply AUXVCC2
AUXVCC3 23 P Auxiliary power supply AUXVCC3 for back up subsystem
AVCC P Analog power supply
AVSS P Analog ground supply
DvCC 18 P Digital power supply
DVSS 19 P Digital ground supply

Power —
DVSS 60 P Digital ground supply
DVSYS® 59 P Digital power supply for I/Os
VASYS 10 p Analog power supply selected between A\_/CC, AUXVCC1,

AUXVCC2. Connect recommended capacitor value of Cysys (see ).
VCORE® 20 P Ei?jlijrg;ed core power supply (internal use only, no external current
VDSYS® 17 p Digital power supply selected between DV_CC, AUXVCC1,
AUXVCC2. Connect recommended capacitor value of Cygys (see ).

PM_SDODIO 46 I/0 Default mapping: SD24_B converter 0 bit stream data input/output
PM_SD1DIO a7 I/0 Default mapping: SD24_B converter 1 bit stream data input/output
PM_SD2DIO 48 I/0 Default mapping: SD24_B converter 2 bit stream data input/output
PM_SDCLK 45 I/0 Default mapping: SD24_B bit stream clock input/output
SDONO 2 I SD24_B negative analog input for converter 0

SD24 SDOPO 1 I SD24_B positive analog input for converter 0
SD1NO 4 [ SD24_B negative analog input for converter 1)
SD1PO 3 I SD24_B positive analog input for converter 1)
SD2NO 6 I SD24_B negative analog input for converter 24
SD2P0 5 I SD24 B positive analog input for converter 2
VREF 7 | SD24_B external reference voltage

(2) The pins VDSYS and DVSYS must be connected externally on the board for proper device operation.

(3) VCORE is for internal use only. No external current loading is possible. VCORE should only be connected to the recommended
capacitor value, Cycore-

(4) TIrecommends shorting unused analog input pairs and connecting them to analog ground.
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Table 4-4. Signal Descriptions — PN Package (continued)

FUNCTION SIGNAL NAME SIE(I\{AL ?_I\?P'\IIEA@I; DESCRIPTION

PM_UCAOCLK 31 I/0 Default mapping: eUSCI_AO clock input/output
PM_UCAOSIMO 14 I/0 Default mapping: eUSCI_AO SPI slave in/master out
PM_UCAOSOMI 13 I/0 Default mapping: eUSCI_AO SPI slave out/master in
PM_UCAI1CLK 37 I/0 Default mapping: eUSCI_A1 clock input/output
PM_UCA1SIMO 25 I/0 Default mapping: eUSCI_A1 SPI slave in/master out
PM_UCA1SOMI 24 I/0 Default mapping: eUSCI_A1 SPI slave out/master in

SPI PM_UCA2CLK 38 I/0 Default mapping: eUSCI_A2 clock input/output
PM_UCA2SIMO 36 I/0 Default mapping: eUSCI_A2 SPI slave in/master out
PM_UCA2SOMI 35 I/0 Default mapping: eUSCI_A2 SPI slave out/master in
PM_UCBOCLK 32 I/0 Default mapping: eUSCI_BO clock input/output
PM_UCBOSIMO 34 I/0 Default mapping: eUSCI_BO SPI slave in/master out
PM_UCBOSOMI 33 I/0 Default mapping: eUSCI_BO SPI slave out/master in
NMI 80 | Nonmaskable interrupt input

System p— - -
RST 80 [ Reset input, active-low®
PM_TAO0.0 1 /o giigucl)turtr;i[t)ping: Timer TAO CCRO capture: CCIOA input, compare:
PM_TA0.1 12 /o 831;a1u(l)turt1;i?ping: Timer TAO CCR1 capture: CCI1A input, compare:
PM_TAO.2 a4 /o gigucl)turtr;i[t)ping: Timer TAO capture CCR2: CCI2A input, compare:

- PM_TAL.0 39 /o 831;gu(l)turt1;i?ping: Timer TA1 capture CCRO: CCIOA input, compare:

N PM_TAL.1 20 /o giﬁucl)turtr;i[t)ping: Timer TA1 capture CCR1: CCI1A input, compare:

PM_TA2.0 a1 /o 831;gu(l)turt1;i?ping: Timer TA2 capture CCRO: CCIOA input, compare:
PM_TA2.1 42 /o giﬁucl)turtr;i[t)ping: Timer TA2 capture CCR1: CCI1A input, compare:
PM_TACLK 43 | Default mapping: Timer clock input TACLK for TAO, TA1, TA2, TA3
PM_UCAORXD 13 | Default mapping: eUSCI_AO UART receive data
PM_UCAOTXD 14 (@) Default mapping: eUSCI_AO UART transmit data
PM_UCA1RXD 24 | Default mapping: eUSCI_A1 UART receive data

UART PM_UCA1TXD 25 (@) Default mapping: eUSCI_A1 UART transmit data
PM_UCA2RXD 35 | Default mapping: eUSCI_A2 UART receive data
PM_UCA2TXD 36 (@) Default mapping: eUSCI_A2 UART transmit data

(5) When this pin is configured as reset, the internal pullup resistor is enabled by default.
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4.4

Pin Multiplexing

Pin multiplexing for these devices is controlled by both register settings and operating modes (for
example, if the device is in test mode). For details of the settings for each pin and schematics of the
multiplexed ports, see 7 6.13.

4.5

Buffer Type

Table 4-5 defines the buffer types that are referenced in Table 4-1 and Table 4-2.

Table 4-5. Buffer Type

NOMINAL OUTPUT
BUFFER TYPE NOMINAL PU OR PD DRIVE OTHER
(STANDARD) | VOLTAGE RICTERESS PYOIRIHD STRENGTH | STRENGTH CHARACTERISTICS
(WA) (mA)
See analog modules in
Analog 3.0V N N/A N/A N/A Section 5, Specifications,
for details
LVCMOS 30V Y Programmable See T 5.8.4 See T 5.8.4
' Digital I/O Ports | Digital I/O Ports
Power 3.0V Y with SVS on N/A N/A N/A

4.6 Connection of Unused Pins

Table 4-6 lists the correct termination of unused pins.

Table 4-6. Connection of Unused Pins®

PIN POTENTIAL COMMENT
AVCC DVcc
AVSS DVss
LCDCAP DVss
Ejgﬁglo The JTAG pins are shared with general purpose I/O function (PJ.x). If not being used,
PJ'ZITMS Open these should be switched to port function, output direction (PJDIR.n = 1). When used as
PJ.3/TCK JTAG pins, these pins should remain open.
Px Open Switched to port function, output direction (PxDIR.n = 1). Px.y represents port x and bit y
Yy p of port x (for example, P1.0, P1.1, P2.2, PJ.0, PJ.1)
RST/NMI DV¢c or Ve 47-kQ pullup or internal pullup selected with 10-nF (2.2-nF) puIIdown(Z)
TEST Open This pin always has an internal pulldown enabled.
XIN DV For dedicated XIN pins only. XIN pins with shared GPIO functions should be
Ss programmed to GPIO and follow Px.y recommendations.

XOUT Open For dedicated XOUT pins only. XOUT pins with shared GPIO functions should be

p programmed to GPIO and follow Px.y recommendations.

(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

All graphs in this section are for typical conditions, unless otherwise noted.

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

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

MIN MAX UNIT
Voltage applied at DVCC to DVSS -0.3 4.1 \%

All pins except VCORE®), SD24_B input pins (SDxNO, SDxP0)®,
AUXVCC1, AUXVCC2, and AUXVCC3®)

All pins except SD24_B input pins (SDxNO, SDxPO0) +2

Voltage applied to pins® -03 Ve +0.3 \Y

Diode current at pins G mA
SDONO, SDOPO, SD1NO, SD1P0, SD2NO, SD2P0® 2

Maximum junction temperature, T, 95 °C

Storage temperature, Tgig") -55 105 °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 = Vpyss = Vavss-

(3) VCORE is for internal device use only. No external DC loading or voltage should be applied.

(4) See Table 5-35 for SD24_B specifications.

(5) See Table 5-18 for AUX specifications.

(6) A protection diode is connected to V¢ for the SD24_B input pins. No protection diode is connected to Vgs.

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

5.2 ESD Ratings

VALUE UNIT

o Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001(® +1000
VEsp) Electrostatic discharge - — > \%
Charged-device model (CDM), per JEDEC specification JESD22-C101 @ +250

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process. Pins listed as
+1000 V may actually have higher performance.

(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process. Pins listed as 250 V
may actually have higher performance.

5.3 Recommended Operating Conditions

MIN  NOM MAX| UNIT
PMMCOREVX =0 1.8 3.6
v Supply voltage during program execution and flash PMMCOREVx =0, 1 2.0 36
ce programming. Viavee) = Viovoe) = Voe & @ PMMCOREVx =0, 1, 2 2.2 3.6
PMMCOREVXx =0, 1, 2, 3 2.4 3.6
Vss Supply voltage V(avss) = V(pvss) = 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
gDVCC / Capacitor ratio of DVCC to VCORE 10
VCORE

(1) TIrecommends powering 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) A capacitor tolerance of +20% or better is required.
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Recommended Operating Conditions (continued)

MIN  NOM  MAX| UNIT
PMMCOREVX = 0,
18V<Vcc<s36V 0 8.0
(default condition)
. o | PMMCOREVX =1,
¢ Processor frequency (maximum MCLK frequency)® ® |5 0y <voc <36V 0 1201 s
SYSTEM (see Figure 5-1)
PMMCOREVX = 2, 0 20.0
22V<Vec<36V ’
PMMCOREVX = 3,
24V <sVecs36V 0 25.0
| Maximum load current that can be drawn from DVCC for core and 10 20! mA
LOAD, DVECD  (ILoap = Icore * lio)
| Maximum load current that can be drawn from AUXVCC1 for core and IO 20! ma
LOAD, AUXID  (ILoap = Icore * lio)
| Maximum load current that can be drawn from AUXVCC2 for core and IO 20! mA
LOAD, ADZD (ILoap = Icore * lio)
| Maximum load current that can be drawn from AVCC for analog modules 10/ mA
LOAD, AVCCA (lLoap = Imodules)
| Maximum load current that can be drawn from AUXVCCL1 for analog modules 5| ma
LOAD. AUXIA (lLoAD = IModules)
| Maximum load current that can be drawn from AUXVCC2 for analog modules 5/ mA
LOAD, AUXZA (lLoap = Imodules)

(4) The MSP430 CPU is clocked directly with MCLK. Both the high and low phase of MCLK must not exceed the pulse width of the
specified maximum frequency.
(5) Modules may have a different maximum input clock specification. Refer to the specification of the respective module in this data sheet.

A
25 —

System Frequency - MHz

0 0,1 0,1,2 0,1,2,3

1.8 2.0 22 24

Supply Voltage - V

3.6

\

The numbers within the fields denote the supported PMMCOREVXx settings.

Figure 5-1. Maximum System Frequency
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5.4 Active Mode Supply Current Into V.- Excluding External Current
over recommended operating free-air temperature (unless otherwise noted)® @ ©)

FREQUENCY (fpco = fucik = fsmeLk)
PARAMETER E;(Ai%ﬂtgFL?N Vee PMMCOREVx 1 MHz 8 MHz 12 MHz 20 MHz 25 MHz UNIT
TYP MAX TYP MAX TYP MAX TYP MAX TYP MAX
0 0.32 0.36 2.10 2.30
bt @ Flash 30V 1 0.36 2.39 3.54 3.90 A
' 2 0.39 2.65 3.94 6.54 7.23
3 0.42 2.82 4.20 6.96 8.65 9.54
0 0.20 0.22 1.10 1.22
. ® RAM 30V 1 0.22 1.30 1.90 2.10 mA
' 2 0.24 1.45 2.15 3.55 4.0
3 0.26 1.55 2.30 3.80 4.70 5.30

(1) Allinputs are tied to 0 or to V¢¢. 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) Characterized with program executing typical data processing.
fACLK = 32786 Hz, fDCO = fMCLK = fSMCLK at Specified frequency.
XTS = CPUOFF = SCG0 = SCG1 = OSCOFF = SMCLKOFF = 0.

(4) Active mode supply current when program executes in flash at a nominal supply voltage of 3 V.

(5) Active mode supply current when program executes in RAM at a nominal supply voltage of 3 V.
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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 (T,)
PARAMETER Vee PMMCOREVxX —40°C 25°C 60°C 85°C UNIT
TYP  MAX TYP  MAX TYP MAX TYP MAX
T Low-power mode 0@ @ 22V 0 75 78 87 81 84 96 A
' 30V 3 85 89 99 93 98 110
o Low-power mode 2 @ 22V 0 5.9 6.2 9 6.9 9.4 17 A
30V 3 6.9 7.4 10 8.4 11 19
0 1.4 1.7 25 4.9
I pM3XTILF ;Oovgjggﬂ?{ mode 3, crystal | 5 5\, 1 15 1.9 2.7 5.2 A
2 1.7 2.0 2.9 5.5
0 22 25 3.1 3.3 5.5 12.7
I xT1LE Ir_noc\)/;/jg)(g)w(%r mode 3, crystal | 5, ; 22 z; zj Zi LA
3 25 2.9 35 37 6.1 14.0
0 1.4 1.7 2.2 2.4 45 11.5
oo LOPOwer mode 3, 30V . = = - o A
3 1.6 1.9 2.4 27 5.0 12.7
0 1.3 1.6 2.0 2.3 4.4 11.1
o @ 1 1.4 1.6 2.4 45
I pma Low-power mode 4(® ¢ 3.0V 5 14 - Py s HA
3 1.4 17 2.2 25 4.8 12.2
oo ;grl\l_g%vr:e'g\g])?g(e:cg?’s(é)RTc 22V 0.65 0.80 0.90 1.30 A
30V 1.16 1.24 2.05 1.43 1.87 2.71
ILpmas Low-power mode 4.5 3.0V 0.70 0.78 1.05 0.90 1.20 1.85| 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, fycik = 0 MHz, fsmek = foco = 1 MHz

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

(5) Current for watchdog timer clocked by ACLK and RTC clocked by XT1 included. ACLK = low-frequency crystal operation (XTS = 0,
XT1DRIVEXx =0).
CPUOFF =1, SCG0 =0,SCG1 =1, OSCOFF =0 (LPM2), facix = 32768 Hz, fycik = 0 MHz, fspyck = foco = 0 MHz, DCO setting
= 1-MHz operation, DCO bias generator enabled.

(6) Current for watchdog timer clocked by ACLK and RTC clocked by XT1 included. ACLK = low-frequency crystal operation (XTS = 0,
XT1DRIVEXx =0).
CPUOFF = 1, SCGO = 1, SCG1 = 1, OSCOFF =0 (LPMS), fACLK = 32768 HZ, fMCLK = fSMCLK = fDCO =0 MHz

(7) Current for watchdog timer clocked by ACLK included. RTC is disabled (RTCHOLD=1). ACLK = VLO.
CPUOFF = 1, SCGO = 1, SCG1 = 1, OSCOFF =0 (LPMS), fACLK = fVLO! fMCLK = fSMCLK = cho =0 MHz

(8) CPUOFF =1,SCG0 =1,SCG1 =1, 0SCOFF =1 (LPM4), cho = fACLK = fMCLK = fSMCLK =0 MHz

(9) cho = 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 (TpA)
PARAMETER Vce | PMMCOREVX -40°C 25°C 60°C 85°C UNIT
TYP MAX TYP  MAX TYP MAX TYP MAX
Low-power mode 3 2.4 2.9 3.6 3.8 5.8 12.2
ILpm3 (LPM3) current, LCD 4-
LCD, mux mode, internal 22V 25 81 4.0 6.0 HA
int. bias biasing, charge pump
disabled® @ 2 2.6 3.3 3.9 4.2 6.3 13.4
LOW_power mode 3 0 2.8 3.2 3.9 4.1 6.4 13.3
ILpm3 (LPM3) current, LCD 4- 1 29 3.4 4.3 6.7
LCD, mux mode, internal 3.0V HA
int. bias biasing, charg;e pump 2 31 36 4.5 7.0
disabled® 3 3.1 36 45| 45 70 147
0 3.8
22V 1 3.9
Low-power mode 3 5 40
| (LPM3) current, LCD 4- :
LLE’\IADSCP mux mode, internal 0 4.0 HA
’ biasing, charge pump 1 a1
enabled® © 30V :
2 4.2
3 4.2

(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 ACLK and RTC clocked by XT1 included. ACLK = low-frequency crystal operation (XTS = 0,
XT1DRIVEX =0).

CPUOFF = 1, SCGO = 1, SCG1 = 1, OSCOFF =0 (LPM3), fACLK = 32768 HZ, fMCLK = fSMCLK = fDCO =0 MHz

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

(4) LCDMXx =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 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 = 1 (charge pump
enabled), VLCDx = 1000 (V cp = 3V, typical), LCDSSEL = 0, LCDPREx = 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.
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5.7 Thermal Resistance Characteristics

THERMAL METRIC® @ VALUE UNIT
] ) i o LQFP 80 (PN) 46.3
RO Junction-to-ambient thermal resistance, still air °C/IW
LQFP 100 (PZ) 45.6
] ) LQFP 80 (PN) 11.5
RO;crop) Junction-to-case (top) thermal resistance °C/IW
LQFP 100 (PZ) 11.0
_ _ LQFP 80 (PN) N/A®
RO;3c@0TTOM) Junction-to-case (bottom) thermal resistance °C/IW
LQFP 100 (PZ) N/A
] ] LQFP 80 (PN) 21.9
RO3g Junction-to-board thermal resistance °C/IW
LQFP 100 (PZ) 23.4
] o LQFP 80 (PN) 0.5
Yy Junction-to-package-top thermal characterization parameter °C/IW
LQFP 100 (PZ) 0.4
) o LQFP 80 (PN) 21.6
Y Junction-to-board thermal characterization parameter °C/IW
LQFP 100 (PZ) 23.0

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

(2) These values are based on a JEDEC-defined 2S2P system (with the exception of the Theta JC [R0;c] value, which is based on a
JEDEC-defined 1SOP system) and will change based on environment as well as application. For more information, see these
EIA/JEDEC standards:

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

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

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

» JESD51-9, Test Boards for Area Array Surface Mount Package Thermal Measurements
(3) N/A = not applicable
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5.8 Timing and Switching Characteristics

5.8.1 Power Supply Sequencing

Tl recommends powering AVCC and DVCC pins from the same source. At a minimum, during power up,
power down, and device operation, the voltage difference between AVCC and DVCC must not exceed the
limits specified in Absolute Maximum Ratings. Exceeding the specified limits may cause malfunction of the
device including erroneous writes to RAM and flash.

5.8.2 Reset Timing

Table 5-1 lists the device wake-up times.

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

PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT
- - f 24 MHz 3 5

t Wake-up time from LPM(%), LPMS3, m\ggaR_Es/ 1 SZVE:\A?I")RRL n 1ME/|L|: ” us
WAKE-UP-FAST : =0,1,2, , z< <

or LPM4 to active mode SVSLEP = 1 2 MHe MCLK 4 6
; o Wake-up time from LPM(%),(%)PM@ (Iflvl\ﬁlzlr(t:eon%Ec\)/ i SZVEL\/I?SRRL =n 150 160| s
WAKE-UP-SLOW ; =012, ,

or LPM4 to active mode SVSLEP = 0

Wake-up time from LPM4.5 to
WAKE-UP-LPM45  active mode @ 2 3| ms

Wake-up time from RST or BOR
IWAKE-UP-RESET  gyent to active mode @ 2 3| ms

(1) This value represents the time from the wake-up event to the first active edge of MCLK. The wake-up time depends on the performance
mode of the low-side supervisor (SVS,) and low-side monitor (SVM\). twake-up-easT IS possible with SVS_ and SVM, in full performance
mode or disabled. For specific register settings, see the Low-Side SVS and SVM Control and Performance Mode Selection section in
the Power Management Module and Supply Voltage Supervisor chapter of the MSP430x5xx and MSP430x6xx Family User's Guide.

(2) This value represents the time from the wake-up event to the first active edge of MCLK. The wake-up time depends on the performance
mode of the low-side supervisor (SVS|) and low-side monitor (SVM,). twake-up-sLow IS set with SVS, and SVM, in normal mode (low
current mode). For specific register settings, see the Low-Side SVS and SVM Control and Performance Mode Selection section in the
Power Management Module and Supply Voltage Supervisor chapter of the MSP430x5xx and MSP430x6xx Family User's Guide.

(3) The wake-up times from LPMO and LPML1 to AM are not specified. They are proportional to MCLK cycle time but are not affected by the
performance mode settings as for LPM2, LPM3, and LPM4.

(4) This value represents the time from the wake-up event to the reset vector execution.
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5.8.3 Clock Specifications

Table 5-2 lists the characteristics of the crystal oscillator in low-frequency mode.

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 Vce MIN TYP  MAX| UNIT
fosc = 32768 Hz, XTS = 0, XT1BYPASS =0, 0.075
Differential XT1 oscillator XTIDRIVEx =1, Ta = 25°C
crystal current consumption | fogc = 32768 Hz, XTS = 0, XT1BYPASS =0,
AlbveCLF  from lowest drive setting, LF | XTIDRIVEX = 2, Ty = 25°C sov 0.170 KA
made fosc = 32768 Hz, XTS = 0, XT1BYPASS = 0, 0.290
XT1DRIVEX = 3, Tp = 25°C ’
BTLLF  fracuency. LE e XTS = 0, XTIBYPASS = 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 fxr1Lr = 32768 Hz, Cy et = 6 pF o
LF LF crystals® XTS = 0, XTIBYPASS = 0, XT1DRIVEX = 1, 300
fXTl,LF = 32768 Hz, CL,eff =12 pF
XTS = 0, XCAPx = 0® 1
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, 0 0
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, XT1IBYPASS =0, 1000
_ XTIDRIVEX = 0, Tp = 25°C, Cy ¢t = 6 pF
tSTART LF Start-up time, LF mode : 3.0V ms
' fosc = 32768 Hz, XTS = 0, XT1BYPASS =0, 500
XTIDRIVEX = 3, Tp = 25°C, C_ g1 = 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, ensure 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_ ¢t < 6 pF

+ For XT1DRIVEX = 1, 6 pF < C_ ¢ < 9 pF
+ For XT1DRIVEX = 2, 6 pF < C_ ¢ < 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, Tl recommends verifying 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 lists the characteristics of the VLO.

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 9.4 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 30% 70%
(1) Calculated using the box method: (MAX(—40°C to 85°C) — MIN(—40°C to 85°C)) / MIN(85°C — (-40°C))
(2) Calculated using the box method: (MAX(1.8 V to 3.6 V) — MIN(1.8 Vt0 3.6 V)) / MIN(1.8 Vt0 3.6 V) / (3.6 V- 1.8 V)
Table 5-4 lists the characteristics of the REFO.
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 Vee MIN  TYP  MAX| UNIT
lrero soizgnfsggftor current Ta = 25°C 18V103.6V 3 WA
REFO frequency calibrated Measured at ACLK 1.8Vto3.6V 32768 Hz
frero . Full temperature range 1.8Vto3.6V +3.5%
REFO absolute tolerance calibrated
Ta =25°C 3V +1.5%
dfrero/drt REFO frequency temperature drift Measured at ACLK® 1.8Vto3.6V 0.01 %/°C
dfrero/dVec  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 start-up time 40%/60% duty cycle 1.8Vto3.6V 25 us

(1) Calculated using the box method: (MAX(-40°C to 85°C) — MIN(—40°C to 85°C)) / MIN(85°C — (—40°C))

(2) Calculated using the box method: (MAX(1.8 V to 3.6 V) — MIN(1.8 V t0 3.6 V)) / MIN(1.8 Vt0 3.6 V) / (3.6 V-1.8 V)
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Table 5-5 lists the DCO frequencies.

Table 5-5. DCO Frequency
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted) (see Figure 5-2)

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)® DCORSELXx = 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.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%t\ggesnETrlgf SrseL = fococorseL+1,bco)/fococorsELbco) 1.2 23| ratio
Spco Erggu:;]gsté%J f (:eLtween tap Spco = focopcorseL,bco+1y/focomcorsEL,beo) 1.02 112 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
focofrequency 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.
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Figure 5-2. Typical DCO Frequency
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5.8.4 Digital I/O Ports
Table 5-6 lists the characteristics of the GPIOs.

Table 5-6. Schmitt-Trigger Inputs, General-Purpose 1/0
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Vce MIN TYP  MAX| UNIT

Vir+  Positive-going input threshold voltage 18V 080 140 Y
3V 1.50 2.10

Vi Negative-going input threshold voltage 18V 045 100 Y
3V 0.75 1.65
_ 18V 0.3 0.85

Vhys Input voltage hysteresis (Vir+ — Vi) 3v o4 10 \%

Rpui Pullup or pulldown resistor® Eg:: gﬂ::gg\:NmNVTNvf%cc 20 35 50| kQ

C Input capacitance Vin = Vss Of Ve 5 pF

(1) Also applies to RST pin when pullup or pulldown resistor is enabled.

Table 5-7 lists the characteristics of the P1 and P2 inputs.

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 Vee MIN  MAX| UNIT
tim External interrupt timing(z) Port P;, P2: P1.x to P2.x, External trigger pulse duration 22V.3V 20 ns
to set interrupt flag

(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 might be set by trigger signals
shorter than tny).

Table 5-8 lists the leakage currents of the GPIOs.

Table 5-8. Leakage Current, General-Purpose I/O
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Vee MIN MAX | UNIT
likg(Pxy) High-impedance leakage current See W @ 1.8V,3V +50| nA

(1) The leakage current is measured with Vgsor 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 lists the output characteristics of the GPIOs in full drive strength mode. Also see Figure 5-3

through Figure 5-6.

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

l(oHmax) = =3 MA® Lgy | Vec=025 Vee
[ =-10 mA® ' Vec - 0.60 \Y

Vou  High-level output voltage (OHmax) h cc ccl v
l(oHmax) = =5 MA® 2y Vee - 0.25 Vee
l(oHmax) = —15 mA® Vce - 0.60 Vee
I(OLmax) =3 mA(z) 18V VSS VSS +0.25
loLmax) = 10 MA®) ' Vss Vss +0.60

VoL Low-level output voltage > \%
loLmax) = 5 mA® 3V Vss Vgs +0.25
loLmax) = 15 MA® Vss Vss +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.

The maximum total current, lioimay), for all outputs combined should not exceed +48 mA to hold the maximum voltage drop specified.
The maximum total current, lio; max), for all outputs combined should not exceed +100 mA to hold the maximum voltage drop specified.
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5.8.4.1 Typical Characteristics, General-Purpose I/O (Full Drive Strength)
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Table 5-10 lists the output characteristics of the GPIOs in reduced drive strength mode. Also see Figure 5-
7 through Figure 5-10.

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

I(OHmax) =-1 mA(Z) 18V Vee —0.25 Vce
[ =-3mA® ' Ve — 0.60 vV

Von  High-level output voltage (Ohimax) > cc cc|
I(OHmax) =-2mA 30V Vee —0.25 Vce
I(OHmax) =-6 mA(Z) Ve — 0.60 Vce
lioLmax = 1 MA®) 18V Vss Vss+0.25
[ =3mA® ' Vss Vss + 0.60

VoL  Low-level output voltage (OLmax) g ss Vss v
loLmax) = 2 MA 30V Vss Vgs +0.25
loLmax) = 6 MAX) Vss Vss +0.60

(1) Selecting reduced drive strength may reduce EMI.

(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.

(3) The maximum total current, lomax), for all outputs combined, should not exceed +48 mA to hold the maximum voltage drop specified.

(4) The maximum total current, | max), for all outputs combined, should not exceed +100 mA to hold the maximum voltage drop specified.
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5.8.4.2 Typical Characteristics, General-Purpose I/0O (Reduced Drive Strength)
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Table 5-11 lists the output frequencies of the GPIOs.

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 =18V, 16
. 1 2 PMMCOREVX =0
foxy Port output frequency (with load) See® @ MHz
VCC =3 V, 25
PMMCOREVx = 3
VCC =18V, 16
f Clock output frequenc ACLK, SMCLK, MCLK, PMMCOREVx = 0 MHz
Port_CLK put irequency C_=20pF®@ Vee =3V, 2
PMMCOREVx = 3 5

(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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5.8.5 Power-Management Module (PMM)
Table 5-12 lists the characteristics of the BOR.

Table 5-12. PMM, Brownout 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 | dDVec/di | < 3 Vis 1.45 \%
V(ovce BOR IT+) BORy off voltage, DV rising level | dDVec/di | < 3 Vis 0.80 1.30 1.50 \%
V(ovce BOR hys) BORy hysteresis 50 250| mVv
treser @ Pulse duration required at RST/NMI pin to 5 us
accept a reset

(1) Pulse shorter than 2 ps might trigger reset.

Table 5-13 lists the characteristics of the PMM core voltage.

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 <sDVecs36V 1.93 \%
Vcore2(AM) Core voltage, active mode, PMMCOREYV = 2 22V <sDVgcs36V 1.83 \%
Vcore1(AM) Core voltage, active mode, PMMCOREYV =1 20V <sDVgcs36V 1.62 \%
Vcoreo(AM) Core voltage, active mode, PMMCOREYV = 0 1.8V <sDVccs36V 1.42 Vv
Vcores(LPM) Core voltage, low-current mode, PMMCOREV = 3 24V <sDVecs36V 1.96 \%
Vcore2(LPM) Core voltage, low-current mode, PMMCOREYV = 2 22V <sDVccs36V 1.94 \%
Vcore1(LPM) Core voltage, low-current mode, PMMCOREV = 1 20V <sDVgcs36V 1.74 Vv
Vcoreo(LPM) Core voltage, low-current mode, PMMCOREYV = 0 1.8V <sDVccs36V 1.54 \%
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Table 5-14 lists the characteristics of the high-side SVS.

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, DVcc =3.6 V 0 A
n
I(svsH) SVS current consumption SVSHE =1, DVcc =3.6 V, SVSHFP =0 200
SVSHE =1, DV¢cc = 3.6 V, SVSHFP = 1 15 HA
SVSHE =1, SVSHRVL =0 160 1.65 1.70
) SVSHE =1, SVSHRVL =1 1.77 1.84 1.90
V(svsH IT-)  SVSy on voltage level Vv
- SVSHE =1, SVSHRVL =2 1.97 204 210
SVSHE =1, SVSHRVL =3 2.09 2.16 2.23
SVSHE = 1, SVSMHRRL =0 168 174 1.80
SVSHE =1, SVSMHRRL = 1 1.89 1.95 2.01
SVSHE = 1, SVSMHRRL = 2 208 214 221
a SVSHE =1, SVSMHRRL =3 221 2.27 2.34
V(svsH IT+)  SVSy off voltage level Vv
- SVSHE =1, SVSMHRRL = 4 235 241 2.49
SVSHE =1, SVSMHRRL =5 265 272 2.80
SVSHE = 1, SVSMHRRL = 6 296 3.04 313
SVSHE =1, SVSMHRRL =7 296 3.04 313
) SVSHE = 1, dVpycc/dt = 10 mV/ps, SVSHFP = 1 25
tpd(svsH) SVSy propagation delay us
SVSHE = 1, dVpycc/dt = 1 mV/us, SVSHFP =0 20
¢ svs F delay fi SVSHE =0 — 1, SVSHFP =1 12,5
on or off delay time s
BVSH) H Y SVSHE = 0 — 1, SVSHFP = 0 100 "
dVDvccldt DVcce rise time 0 1000 V/s

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

Table 5-15 lists the characteristics of the high-side SVM.

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, DVcc = 3.6 V 0

l(svmH) SVMy current consumption SVMHE =1, DV¢c = 3.6 V, SYVMHFP =0 200 nA
SVMHE =1, DVcc = 3.6 V, SVMHFP =1 15 HA
SVMHE =1, SVSMHRRL =0 1.68 1.74 1.80
SVMHE =1, SVYSMHRRL =1 1.89 1.95 2.01
SVMHE =1, SVSMHRRL = 2 2.08 2.14 2.21
SVMHE =1, SVSMHRRL =3 2.21 2.27 2.34

Viswmny  SVMy on or off voltage level® SVMHE = 1, SVSMHRRL = 4 235 241  249| V
SVMHE =1, SVSMHRRL =5 2.65 2.72 2.80
SVMHE =1, SVSMHRRL = 6 2.96 3.04 3.13
SVMHE =1, SVSMHRRL =7 2.96 3.04 3.13
SVMHE =1, SVMHOVPE =1 3.79

, SVMHE = 1, dVpycc/dt = 10 mV/us, SYMHFP = 1 2.5

todsvmH)  SVMy propagation delay us
SVMHE = 1, dVpycc/dt = 1 mV/us, SYMHFP = 0 20

t SVMy on or off delay time SVMHE =0 = 1, SYMHFP = 1 125 s

(SVMH) H Y SVMHE = 0 — 1, SYMHFP = 0 100 "

(1) The SVMy settings available depend on the VCORE (PMMCOREVX) setting. Refer to the Power Management Module and Supply
Voltage Supervisor chapter in the MSP430x5xx and MSP430x6xx Family User's Guide on recommended settings and use.
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Table 5-16 lists the characteristics of the low-side SVS.

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 A
I(svsL) SVS, current consumption SVSLE =1, PMMCOREYV = 2, SVSLFP =0 200
SVSLE =1, PMMCOREV =2, SVSLFP =1 15 HA
] SVSLE = 1, dVcore/dt = 10 mV/us, SVSLFP = 1 25
toasvsy — SVSL propagation delay us
SVSLE = 1, dVcore/dt = 1 mV/us, SVSLFP = 0 20
tsvsL) SVS, on or off delay time SVSLE=0=1,SVSLFP =1 12.5 s
SVSLE=0—> 1, SVSLFP =0 100
Table 5-17 lists the characteristics of the low-side SVM.
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, PMMCOREV = 2 0
l(svmL) SVM, current consumption SVMLE =1, PMMCOREYV = 2, SVMLFP =0 200 nA
SVMLE =1, PMMCOREYV = 2, SVMLFP =1 1.5 HA
_ SVMLE = 1, dVcogre/dt = 10 mV/us, SVMLFP = 1 25
toasvmy  SVML propagation delay us
SVMLE = 1, dVcogre/dt = 1 mV/ps, SVMLFP = 0 20
. SVMLE =0 — 1, SVMLFP =1 12.5
tsvmu) SVM_ on or off delay time SYMLE = 0 — L, SYMLFP = 0 100 us
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5.8.6 Auxiliary Supplies Module

Table 5-18 lists the recommended operating conditions of the 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 for all supplies at pins DVCC, AVCC, AUX1, AUX2, AUX3 1.8 3.6 \Y
PMMCOREVx = 0 1.8 3.6
v Digital system supply voltage range, PMMCOREVx = 1 2.0 3.6 v
PSYS  Vpsys = Vee — Ron * lLoap PMMCOREVX = 2 2.2 3.6
PMMCOREVx = 3 2.4 3.6
Vasvs Analog system supply voltage range, Vasys = Vcc - Ron X lLoap Refer to modules \%
gVCC’/ Recommended capacitor at pins DVCC, AVCC, AUX1, AUX2 4.7 uF
AUX1/2
Cysys Recommended capacitor at pins VDSYS and VASYS 4.7 uF
Cvcore Recommended capacitance at pin VCORE 0.47 uF
Cauxa Recommended capacitor at pin AUX3 0.47 uF

Table 5-19 lists the current consumption of AUX3.

Table 5-19. Auxiliary Supplies, AUX3 (Backup Subsystem) Currents
over operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS Vee Ta MIN MAX | UNIT
. RTC and 32-kHz oscillator in 25°C 0.83
|AUX3,RTCon AUX3 current with RTC enabled backup subsystem enabled 3V 85°C 0.95 PA
. . RTC and 32-kHz oscillator in 25°C 110
|AUX3,RTCoff AUX3 current with RTC disabled backup subsystem disabled 3V 85°C 165 nA

Table 5-20 lists the characteristics of the auxiliary supply monitor.

Table 5-20. Auxiliary Supplies, Auxiliary Supply Monitor

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

LOCKAUX =0, AUXMRx = 0,

AUXOMD = 0, AUX1MD = 0, AUX2MD =1,
VDSYS = DVCC, VASYS = AVCC,
Current measured at VDSYS pin

LOCKAUX = 0, AUXMRx = 0,

AUXOMD = 0, AUX1IMD = 0, AUX2MD =1,
VDSYS = DVCC, VASYS = AVCC, 0.11| pA
AUXVCC1 =3V,

Average supply current for
lcc Monitor ~ MoNitoring circuitry drawn from
VDSYS (also see Figure 5-11)

3V 0.70| pA

Average current drawn from
| ) monitored supply during
Meas,Monitor - measurement cycle (also see

Figure 5-12) Current measured at AUXVCC1 pin
AUXLVLXx =0 1.67 1.74 1.80
AUXLVLx =1 1.87 1.95 2.01
AUXLVLX = 2 2.06 2.14 2.21
. AUXLVLX =3 2.19 2.27 2.33
VMonitor Auxiliary supply threshold level AUXLVLx = 2 233 a1 248 \%
AUXLVLXx =5 2.63 2.72 2.79
AUXLVLX = 6 2.91 3.02 3.10
AUXLVLX =7 2.91 3.02 3.10
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Table 5-21 lists the AUX switch ON resistance characteristics.
Table 5-21. Auxiliary Supplies, Switch ON-Resistance
over operating free-air temperature range (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN MAX | UNIT
ON-resistance of switch between DVCC
RON,DVCC and VDSYS ILOAD = ICORE + ||o =10 mA + 10 mA =20 mA 5 Q
ON-resistance of switch between AUX1
RON,DAUXl and VDSYS lLoap = lcore + lio = 10 mA + 10 mA =20 mA 5 Q
ON-resistance of switch between AUX2
RON,DAUXZ and VDSYS lLoap = lcore *+ lio = 10 mA + 10 mA = 20 mA 5 Q
ON-resistance of switch between AVCC
Ron,avee and V ILoAD = IModutes = 10 MA 5 Q
ASYS
ON-resistance of switch between AUX1
Ronaauxt  gnd v ILoAD = IModules = 5 MA 20 Q
ASYS
ON-resistance of switch between AUX2
Ron,aaUx2 ILoAD = IModules = 5 MA 20 Q
and Vasys
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Table 5-22 lists the switching times of the auxiliary supplies.

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

PARAMETER MIN MAX| UNIT
tswitch Time from occurrence of trigger (SVM or software) to "new" supply connected to system supplies 100 ns
trecover 'ReCOVery time" after a switch over takes place; during this time, no further switching takes place 200 450 us

Table 5-23 lists the leakage characteristics of the auxiliary supplies switch.
Table 5-23. Auxiliary Supplies, Switch Leakage
over operating free-air temperature range (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Isw,Lkg S;rer;r;tdmto DVCC, AVCC, AUX1 or AUX2 if not Per supply (but not the highest supply) 50 100 nA
Ivmax Current drawn from highest supply 450 730 nA
Table 5-24 lists the characteristics of the auxiliary supplies to the ADC.
Table 5-24. Auxiliary Supplies, Auxiliary Supplies to ADC10_A
over operating free-air temperature range (unless otherwise noted)
PARAMETER TEST CONDITIONS Vce MIN TYP MAX| UNIT
o 1.8V 0.58 0.60 0.62
Vs Sup_ply voltage divider 30V 0.98 1.00 1.02 v
V3 = Vgypply / 3
36V 1.18 1.20 1.22
AUXADCRx =0 18
Rys Load resistance AUXADCRx =1 15 kQ
AUXADCRXx = 2 0.6
Sampling time required if | AoADC = 1 ADC1O00N =1, A -
tsample.v3 /. selected INCH = 0Ch, AUXADCRX = 1 1000 ns
3 )
Error of conversion result <1 LSB AUXADCRX = 2 1000
Table 5-25 lists the characteristics of the charge-limiting resistor.
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
M © 2015-2018, Texas Instruments Incorporated Specifications 53
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5.8.7 Timer_A Module

Table 5-26 lists the characteristics of the Timer_A.

Table 5-26. Timer_A
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Vee MIN TYP MAX| UNIT
Internal: SMCLK, ACLK
fra Timer_A input clock frequency External: TACLK 1.8V,3V 25| MHz

Duty cycle = 50% + 10%

All capture inputs, Minimum pulse
duration required for capture

1.8V,3V 20 ns

tTA cap Timer_A capture timing

5.8.8 eUSCI Module
Table 5-27 lists the supported clock frequencies of the eUSCI in UART mode.

Table 5-27. eUSCI (UART Mode) Clock Frequency

PARAMETER TEST CONDITIONS MIN MAX | UNIT
Internal: SMCLK or ACLK,
feusci eUSCI input clock frequency External: UCLK, fsystem| MHz
Duty cycle = 50% +10%
feirck BITCLK clock frequency (equals baud rate in MBaud) 5| MHz

Table 5-28 lists the switching characteristics of the eUSCI in UART mode.

Table 5-28. eUSCI (UART Mode) Switching Characteristics
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
_ o 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 ensure that pulses are
correctly recognized their width should exceed the maximum specification of the deglitch time.
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Table 5-29 lists the supported clock frequencies of the eUSCI in SPI master mode.

Table 5-29. eUSCI (SPI Master Mode) Clock Frequency

PARAMETER TEST CONDITIONS MIN MAX| UNIT

Internal: SMCLK or ACLK, . MHz
Duty cycle = 50% +10% SYSTEM

feuscl eUSCI input clock frequency

Table 5-30 lists the switching characteristics of the eUSCI in SPI master mode.

Table 5-30. eUSCI (SPI Master Mode) Switching Characteristics
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)®

PARAMETER TEST CONDITIONS Vce MIN MAX | UNIT
. . UCSTEM = 0, UCMODEx =01 or 10 2V,3V 150
tsTE LEAD STE lead time, STE active to clock ns
' UCSTEM =1, UCMODEx = 01 or 10 2V,3V 150
L STE |ag tirneY Last clock to STE UCSTEM = 0, UCMODEXx =01 or 10 2 V, 3V 200 ns
STELAG inactive UCSTEM = 1, UCMODEX = 01 or 10 2V,3V 200
2V 50
UCSTEM = 0, UCMODEX = 01 or 10
¢ STE access time, STE active to 3V 30 ns
STEACC  SIMO data out 2V 50
UCSTEM =1, UCMODEx = 01 or 10
3V 30
2V 40
UCSTEM = 0, UCMODEX = 01 or 10
¢ STE disable time, STE inactive to 3V 25 ns
STEDIS SIMO high impedance 2V 40
UCSTEM =1, UCMODEXx = 01 or 10
3V 25
. . 2V 50
tsumi SOMI input data setup time 3V 20 ns
. . 2V 0
tHp,mi SOMI input data hold time Yy B ns
tvALID,MO SIMO output data valid time UCLK edge to SIMO valid, C, = 20 pF 3v 5 ns
) 2V 0
thp, MO SIMO output data hold time CL =20 pF 3v 0 ns

(1) fucxerk = L2t oy With tlop = max(tvavip,moeuscl) * tsu,sislave), tsumieuscr) + tvaALID,sO(Slave)
For the slave parameters tsy sisiave) aNd tyaLip,so(slave), S€€ the SPI parameters of the attached slave.

(2) Specifies the time to drive the next valid data to the SIMO output after the output changing UCLK clock edge. See the timing diagrams
in Figure 5-13 and Figure 5-14.

(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-
13 and Figure 5-14.
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Figure 5-13. BadDriveBacuSPI Master Mode, CKPH =0
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Figure 5-14. SPI Master Mode, CKPH =1
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Table 5-31 lists the switching characteristics of the eUSCI in SPI slave mode.

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 MAX | UNIT
) . 20V 4
tsteeap STE lead time, STE active to clock 30V 2 ns
tsteLac STE lag time, Last clock to STE inactive 20V 0 ns
' 3.0V 0
tstEacc  STE access time, STE active to SOMI data out 20V 46 ns
' 3.0V 24
STE disable time, STE inactive to SOMI high 20V 38
ISTE DIS impedance 30V P L
. ) 20V 2
tsu,si SIMO input data setup time 30V 1 ns
. . 20V 2
thp,si SIMO input data hold time 30V 5 ns
tyaupso  SOMI output data valid time®? gfigg?ﬁf to SOMI valid, zg z 22 ns
tup so SOMI output data hold time ©) CL =20 pF 20V 24 ns
' 3.0V 16

(1) fucxerk = L2t oy With tho = max(tvavip,MoMaster) + tsu,sieusciy tsumiMaster) + tvALID,SOUSCI)
For the master parameters tsy mimaster) aNd tyaLip,Mo(master): S€€ the SPI parameters of the attached master.

(2) Specifies the time to drive the next valid data to the SOMI output after the output changing UCLK clock edge. Refer to 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. Refer to the timing diagrams in
Figure 5-15 and Figure 5-16.

UCMODEX = M lk

STE :4_’|_ tSTE‘LEAD tSTE‘LAG _k_’l

_ I
UCMODEX _ﬂ I
| |
I
CKPL=0 | 7( * )Z * / SK I
UCLK | | |
I

tSU‘SIMO |

tHD‘SII\IIO

SIMO

tVALID,SOI\III

EJ
R

Figure 5-15. SPI Slave Mode, CKPH =0
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| | |
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Figure 5-16. SPI Slave Mode, CKPH =1
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Table 5-32 lists the characteristics of the eUSCI in 12C mode.

Table 5-32. eUSCI (I°C Mode)
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted) (see Figure 5-17)

PARAMETER TEST CONDITIONS Vee 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
. fSCL =100 kHz 5.1
tHp.sTA Hold time (repeated) START 2V,3V us
' fSCL > 100 kHz 1.5
i fSCL =100 kHz 51
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
i fSCL =100 kHz 2V,3V 5.0
tsu DAT Data setup time us
' fSCL > 100 kHz 2V,3V 1.3
. fSCL =100 kHz 5.2
tsu sto Setup time for STOP 2V,3V us
' fSCL > 100 kHz 1.7
UCGLITx =0 75 220
. ) ) ) UCGLITx =1 35 120
tsp Pulse duration of spikes suppressed by input filter 2V,3V ns
UCGLITx = 2 30 60
UCGLITx =3 20 35
UCCLTOx =1 30
trimeoutr  Clock low time-out UCCLTOx =2 2V,3V 33 ms
UCCLTOx =3 37
I4_’I— tHD,STA tSU‘STA —h_’h_’l— tHD‘STA tBUF _l‘_’l
I L ||
o T\_I_/ X XL\
T | T A |
:‘_ tLow _*tHIGH'>i : : : tsp —DI |4— |
|
scL I\/ \l : [\ / } / M\ |
I I
I et oy s10— {4
tHD,DAT_|<_’I
Figure 5-17. I°C Mode Timing
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5.8.9 LCD Controller
Table 5-33 lists the operating conditions of the LCD.

Table 5-33. LCD_C Operating Conditions

PARAMETER TEST CONDITIONS MIN NOM  MAX| UNIT
vV Supply voltage range, charge LCDCPEN =1, 0000 < VLCDx < 1111 29 3.6 v
CCLCD_C.CPen36  npymp 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_C,CP en3.3 pump enabled, V cp £ 3.3V (charge pump enabled, V| cp < 3.3 V) : :
o Supply voltage range, internal _ _
Vce e, cint. bias biasing, charge pump disabled LCDCPEN = 0, VLCDEXT = 0 2.4 36| V
» Supply voltage range, external _ _
Vee.Lep, Cext, bias biasing, charge pump disabled LCDCPEN = 0, VLCDEXT = 0 2.4 36| V
Supply voltage range, external
Vee,Leb_C VLCDEXT LCD voltage, internal or external LCDCPEN =0, VLCDEXT =1 2.0 3.6 \%
biasing, charge pump disabled
External LCD voltage at
V| cbcaP/R33 LCDCAP/R33, internal or external | LCDCPEN =0, VLCDEXT =1 2.4 3.6 \%
biasing, charge pump disabled
c Capacitor on LCDCAP when LCDCPEN =1, VLCDx > 0000 47 10 =
LCDCAP charge pump enabled (charge pump enabled) : H
frrame = 1/(2 x mux) x ficp
fLep LCD frequency range with mux = 1 (static) to 8 0 1024 | Hz
frrAME amux(MAX) = 1/(2 x 4) x
fERAME 4mux LCD frame frequency range fLop(MAX) = 1/(2 x 4) x 1024 Hz 128 | Hz
frramE 8mux(MAX) = 1/(2 x 4) x
fERAME, 8mux LCD frame frequency range fLop(MAX) = 1/(2 x 8) x 1024 Hz 64| Hz
facLK,in ACLK input frequency range 30 32 40| kHz
Cpanel Panel capacitance 100-Hz frame frequency 10000| pF
VRa3 Analog input voltage at R33 LCDCPEN =0, VLCDEXT =1 2.4 VC(C); \Y;
VRoz + 2/3 x
. LCDREXT =1, LCDEXTBIAS = 1, R03
VR23,1I3bias Analog InpUt voltage at R23 LCD2B =0 VR13 (VR33 . VR33 Vv
VRo3)
i i — _ VR03 +1/3 x
v ) Analog input voltage at R13 with LCDREXT = 1, LCDEXTBIAS =1, v (Vras— v
R13,1/3bias 1/3 biasing LCD2B =0 RO3 R33 R23
VRo3)
i i — _ VR03 +1/2 x
v ) Analog input voltage at R13 with LCDREXT = 1, LCDEXTBIAS =1, v (Vrss—  V, v
R13,1/2bias 1/2 biasing LCD2B = 1 RO3 R33 R33
VRo3)
VRo3 Analog input voltage at RO3 ROEXT =1 Vss \%
K Voltage difference between V| cp _ _ Vee +
Vi co-Vros and RO3 LCDCPEN = 0, ROEXT = 1 2.4 Sal Vv
External LCD reference voltage _
V| CDREF/R13 applied at LCDREF/R13 VLCDREFx = 01 0.8 1.2 15| V
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Table 5-34 lists the characteristics of the LCD.

Table 5-34. LCD_C Electrical Characteristics
over operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS Vee MIN  TYP MAX| UNIT
VLCDx = 0000, VLCDEXT =0 24Vto3.6V Vee
LCDCPEN =1, VLCDx = 0001 2Vto36V 2.58
LCDCPEN =1, VLCDx = 0010 2Vto36V 2.64
LCDCPEN =1, VLCDx = 0011 2Vto36V 2.71
LCDCPEN =1, VLCDx = 0100 2Vto36V 2.78
LCDCPEN =1, VLCDx = 0101 2Vto36V 2.83
LCDCPEN =1, VLCDx = 0110 2Vto36V 2.90
Vieo LCD voltage LCDCPEN =1, VLCDx = 0111 2Vto36V 2.96 v
LCDCPEN =1, VLCDx = 1000 2Vt 3.6V 3.02
LCDCPEN =1, VLCDx = 1001 2Vto36V 3.07
LCDCPEN =1, VLCDx = 1010 2Vto36V 3.14
LCDCPEN =1, VLCDx = 1011 2Vto36V 3.21
LCDCPEN =1, VLCDx = 1100 2Vto36V 3.27
LCDCPEN =1, VLCDx = 1101 22Vto36V 3.32
LCDCPEN =1, VLCDx = 1110 22Vto36V 3.38
LCDCPEN =1, VLCDx = 1111 22Vto36V 3.44 3.6
lcc peak cP Eﬁ:rgzuppupgpcsgﬁl?ézg“e to LCDCPEN = 1, VLCDx = 1111 22V 400 WA
g ‘clj'ii;r(]:?];?gcer&arge Cicp When \(/:IIZ%DDi i.?l;ili,lLCDCPEN =0-1, 22V 150 500 ms
Icp Load ('\:’l'ﬁfg:t“m charge pump load | cpepEN = 1, VLCDx = 1111 22V 50 uA
Ricp.seg LCD drive_r output impedance, LCDC_PEN =1, VLCDx = 1000, 22V 10 ko
v segment lines lLoap = £10 pA
RLcp.com LCD drive_r output impedance, LCDCPEN =1, VLCDx = 1000, 22V 10| ko
g common lines lLoap = 10 pA
MR#X © 2015-2018, Texas Instruments Incorporated Specifications 61
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5.8.10 SD24_B Module

Table 5-35 lists the power supply and recommended operating conditions of the SD24 B.

Table 5-35. SD24 B Power Supply and Recommended Operating Conditions

MIN  TYP MAX | UNIT
AVce  Analog supply voltage ‘ AVce = DV, AVgg = DVgg =0V 2.4 3.6 \%
fsp Modulator clock frequency® 0.03 2.3| MHz
\ Absolute input voltage range AVgg — 1 AVcc \%
Vic Common-mode input voltage range AVgg — 1 AVcc \%
Viprs Differential full-scale input voltage Vip =Via+ —Via- —VRer/GAIN +VRrer/GAIN
SD24GAINx = 1 +910 +920
SD24GAINX = 2 +455  +460
SD24GAINx = 4 +227  +230
Vio Differential ing)ut voltage for specified SD24REFS = 1 | SD24CAINX =8 +113  #115 mv
performance SD24GAINX = 16 57 458
SD24GAINx = 32 +28 +29
SD24GAINX = 64 +14 +145
SD24GAINx = 128 +7 7.2
Crer  VREF load capacitance ® SD24REFS = 1 100 nF

(1) Modulator clock frequency: MIN = 32.768 kHz — 10% =~ 30 kHz. MAX = 32.768 kHz x 64 + 10% =~ 2.3 MHz

(2) The full-scale range (FSR) is defined by VFS+ = +VRE|:/GA|N and Vps_ = —VREF/GA|N: FSR = VFS+ - Vps_ =2 X VREF / GAIN. If VREF is
sourced externally, the analog input range should not exceed 80% of Vgs, or Vgg_; that is, Vip = 0.8 Vgg_ 10 0.8 Vs If VRer is sourced
internally, the given V\p ranges apply.

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

Table 5-36 lists the analog input characteristics of the SD24 B.

Table 5-36. SD24_B Analog Input @

PARAMETER TEST CONDITIONS Vee MIN TYP  MAX| UNIT
SD24GAINx = 1 5
SD24GAINx = 2 5
. SD24GAINx = 4 5
C Input capacitance pF
SD24GAINx = 8 5
SD24GAINx = 16 5
SD24GAINx = 32, 64, 128 5
SD24GAINx = 1 3V 200
Input impedance _ _
Z, (Pin A+ or A- 10 AVss) fsp2a = 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-) fsp2a = 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 5-18. Input Leakage Current vs Input Voltage
(Modulator OFF)

Table 5-37 lists the supply current of the SD24_B.

Table 5-37. SD24 B Supply Currents

PARAMETER TEST CONDITIONS Vce MIN TYP MAX | UNIT

SD24GAIN: 1 3V 600 675
SD24GAIN: 2 3V 600 675
SD24GAIN: 4 3V 600 675

lsppe ANI0G plus digital supply current per fspas = 1 MHz, SD24GAIN: 8 3V 700 750 uA
' converter (reference not included) SD240SR = 256 SD24GAIN: 16 3V 700 750
SD24GAIN: 32 3V 775 850
SD24GAIN: 64 3V 775 850
SD24GAIN: 128 3V 775 850
o SD24GAIN: 1 3V 750 800

e Lo ey st |2 conican |3 s o]
SD24GAIN: 32 3V 900 1000

Table 5-38 lists the performance characteristics of the SD24_B.

Table 5-38. SD24 B Performance
fsp2a = 1 MHz, SD240SRx = 256, SD24REFS = 1

PARAMETER TEST CONDITIONS Vee MIN TYP  MAX| UNIT
) ) SD24GAIN: 1 3V -0.01 0.01
INL L”;ﬁgrﬁ‘t' nonlinearity, end- I'gpy4GAIN: 8 3v | —0.01 001| 2
SD24GAIN: 32 3V -0.01 0.01
SD24GAIN: 1 3V 1
SD24GAIN: 2 3V 2
SD24GAIN: 4 3V 4
G Nominal gain SD24GAIN: 8 3V 8
SD24GAIN: 16 3V 16
SD24GAIN: 32 3V 31.7
SD24GAIN: 64 3V 63.4
SD24GAIN: 128 3V 126.8
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Table 5-38. SD24 B Performance (continued)

foopa = 1 MHz, SD240SRXx = 256, SD24REFS = 1

PARAMETER TEST CONDITIONS Vce MIN TYP MAX | UNIT
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 50 pf,)cr?/
reference
SD24GAIN: 1 0.15
AEG/AVce Gain error vs Ve @ SD24GAIN: 8 0.15 %IV
SD24GAIN: 32 0.4
SD24GAIN: 1 (With Vi = 0 V) 3v 2.3
Eos[V] Offset error® SD24GAIN: 8 3V 0.73| mv
SD24GAIN: 32 3V 0.18
SD24GAIN: 1 (with Vi = 0 V) 3v -0.2 0.2
Eos[FS] Offset error® SD24GAIN: 8 3V -0.5 05| % FS
SD24GAIN: 32 3V -0.5 0.5
SD24GAIN: 1 3V 1
AEos/AT g’(f;fﬁtcgrzﬁrs temperature SD24GAIN: 8 3V 0.15 HV/eC
SD24GAIN: 32 3V 0.1
SD24GAIN: 1 600
AEqg/AVee — Offset error vs Ve © SD24GAIN: 8 100 uv/Iv
SD24GAIN: 32 50
o SD24GAIN: 1 3V -110
CMRRDC ~ Copmon-mode rejectionat - gpo4GAIN: 8 3V 110 dB
SD24GAIN: 32 3V -110
(1) The gain error Eg specifies the deviation of the actual gain G, from the nominal gain Gom: 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, MIN and MAX values):

AEg/ AT = (MAX(Eg(T)) = MIN(Eg(T) ) / (MAX(T) = MIN(T)) = (MAX(Gaet(T)) = MIN(Gact(T)) / Gnom / (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(Vcc) = (Gact(Vee) —
Gnom)/Gnom) Using the box method (that is, MIN and MAX values):
AEg/ AVcc = (MAX(Eg(Vce)) — MIN(Eg(Vec) ) / (MAX(Vec) — MIN(Vee)) = (MAX(Gact(Vec)) — MIN(Gact(Vec)) / Grom / (MAX(Vec) —
MIN(Vce))
with V¢ ranging from 2.4 Vto 3.6 V.

(4) The offset error Egg is measured with shorted inputs in 2s-complement mode with +100% FS = Vgege / G and —100% FS = —Vgge / 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 AEgs / AT specifies the variation of the offset error Eqg over temperature using the box method
(that is, MIN and MAX values):
AEgs ! 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 Voc AEps / AVcc specifies the variation of the offset error Eqgg over supply voltage using the box method (that is,
MIN and MAX values):
AEops / AVce = (MAX(Eos(Vec)) — MIN(Eos(Vee) ) / (MAX(Vee) — MIN(Vec))
with V¢ ranging from 2.4 Vto 3.6 V.

(7) The DC CMRR specifies the change in the measured differential input voltage value when the common-mode voltage varies:
DC CMRR = -20log(Apax/FSR) with Ayax being the difference between the minium value and the maximum value measured when
sweeping the common-mode voltage (for example, calculating with 16-bit FSR = 65536, a maximum change by 1 LSB results in
—20log(1/65536) = —96 dB) .
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 =1 V to V.
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Table 5-38. SD24 B Performance (continued)

fopea = 1 MHz, SD240SRx = 256, SD24REFS = 1
PARAMETER TEST CONDITIONS Vce MIN TYP MAX | UNIT
SD24GAIN: 1, fcpm =50 Hz, Ve = 930 mV 3V -110
SD24GAIN: 8, fcpy = 50 Hz, Ve = 120 mV 3V -110 dB
SD24GAIN: 32, fcy = 50 Hz, Ve = 30 mV 3V -110

SD24GAIN: 1,
Vee =3V +50 mV x sin(2r x fyee X t), -61
fyee = 50 Hz

SD24GAIN: 8,
Vee =3V +50 mV x sin(2r x fyge X t), -77 dB
fyee = 50 Hz

SD24GAIN: 32,
Vee =3V +50 mV x sin(2r x fyge X t), -79
fyee = 50 Hz

SD24GAIN: 1,
Vee =3V +50 mV x sin(2r x fyge X t), -61
fyee = 50 Hz

SD24GAIN: 8,
Vee =3V +50 mV x sin(2r x fyge X t), -77 dB
fyee = 50 Hz

SD24GAIN: 32,
Vee =3V +50 mV x sin(2r x fyge X t), -79
fyee = 50 Hz

Crosstalk source: SD24GAIN: 1,

Sine wave with maximum possible Vpp,
fin = 50 Hz or 100 Hz,

Converter under test: SD24GAIN: 1

Crosstalk source: SD24GAIN: 1,
XT Crosstalk between Sine wave with maximum possible Vpp,
converters (10 fiy = 50 Hz or 100 Hz,
Converter under test: SD24GAIN: 8

Crosstalk source: SD24GAIN: 1,

Sine wave with maximum possible Vpp,
fin = 50 Hz or 100 Hz,

Converter under test: SD24GAIN: 32

Common-mode rejection at

CMRR50Hz ' \tg)

AC power supply rejection

AC PSRR.ext ratio, external reference ©®

AC power supply rejection

AC PSRRiint ratio, internal reference®

3V -120

3V -115 dB

3V -100

(8) 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 / 1.2 V / G) [dBFS] with a common-mode signal of V¢ x sin(2r x fo % 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).

(9) 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(50 mV / 1.2 V / G) [dBFS] with a signal of 50 mV x sin(2n x fy. % 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(50 mV /1.2 V / 1) = -27.6 dBFS
SD24GAIN: 8 — Hypothetical signal: 20log(50 mV /1.2 V / 8) = -9.5 dBFS
SD24GAIN: 32 — Hypothetical signal: 20log(50 mV /1.2 V / 32) = 2.5 dBFS

(10) 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 5-39 lists the AC performance characteristics of the SD24_B.

Table 5-39. SD24 B AC Performance
fsp2a = 1 MHz, SD240SRx = 256, SD24REFS = 1

PARAMETER TEST CONDITIONS Vee MIN TYP MAX | UNIT

SD24GAIN: 1 3V 85 87
SD24GAIN: 2 3V 86
SD24GAIN: 4 3V 85

SINAD  Signal-to-noise + distortion ratio SD24GAIN: 8 fiy = 50 Hz® 3V 82 84 dB
SD24GAIN: 16 3V 80
SD24GAIN: 32 3V 73 74
SD24GAIN: 64 3V 68
SD24GAIN: 128 3V 62
SD24GAIN: 1 3V 100

THD Total harmonic distortion SD24GAIN: 8 fiy =50 Hz® 3V 90 dB
SD24GAIN: 32 3V 80

(1) The following voltages were applied to the SD24_B inputs:
VI,A+(t) =0V + Vpp /2 x Sin(ZT[ X fIN X t)
V|’A_(t) =0V- Vpp /2 x Sin(ZT[ X le X t)

resulting in a differential voltage of Vip = V| a+(t) — V| a_(t) = Vpp x sin(2r 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 5-40 lists the AC performance characteristics of the SD24_B.

Table 5-40. SD24 B AC Performance
fspoa = 2 MHz, SD240SRx = 512, SD24REFS =1

PARAMETER TEST CONDITIONS Vce MIN TYP MAX | UNIT
SD24GAIN: 1 3V 87
SD24GAIN: 2 3V 86
SD24GAIN: 4 3V 85
SINAD  Signal-to-noise + distortion ratio SD24GAIN: 8 fiy =50 Hz® 3V 84 dB
SD24GAIN: 16 3V 81
SD24GAIN: 32 3V 76
SD24GAIN: 64 3V 71
SD24GAIN: 128 3V 65

(1) The following voltages were applied to the SD24_B inputs:
V|’A+(t) =0V + Vpp /2 x Sin(Zn X le X t)
VI,A-(t) =0V -—Vpp/2x sin(2n x fiy X t)

resulting in a differential voltage of Vip = V| a+(t) — V| a-(t) = Vpp x sin(2r 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 5-41 lists the AC performance characteristics of the SD24_B.

fSD24 =32 kHZ,

Table 5-41. SD24 B AC Performance

SD240SRx = 512, SD24REFS = 1

PARAMETER TEST CONDITIONS Vee MIN TYP MAX | UNIT
SD24GAIN: 1 3V 89
SD24GAIN: 2 3V 85
SD24GAIN: 4 3V 84
SINAD  Signal-to-noise + distortion ratio SD24GAIN: 8 fiy = 12 Hz® 3V 86 dB
SD24GAIN: 16 3V 80
SD24GAIN: 32 3V 76
SD24GAIN: 64 3V 67
SD24GAIN: 128 3V 61

(1) The following voltages were applied to the SD24_B inputs:

Via+(t) =0

V+Vpp/2 X Sin(ZT[ X fIN X t)

V|’A_(t) =0V - Vpp /2 x Sin(ZT[ X le X t)

resulting in a differential voltage of Vip = V| a+(t) — V| a_(t) = Vpp x sin(2r 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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Figure 5-19. SINAD vs OSR
(fsp2a = 1 MHz, SD24REFS = 1, SD24GAIN = 1)
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Figure 5-20. SINAD vs Vpp

Table 5-42 lists the external reference input requirements of the SD24_B.

Table 5-42. SD24_B External Reference Input
ensure correct input voltage range according to Vgee

PARAMETER TEST CONDITIONS Vce MIN TYP MAX | UNIT
Vrergy  Input voltage SD24REFS = 0 3V 1.0  1.20 15| V
IReF() Input current SD24REFS =0 3V 50| nA
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5.8.11 ADC10_A Module
Table 5-43 lists the input requirements of the ADC.

Table 5-43. 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 DV are connected together,
AVcce Analog supply voltage AVss and DVgg are connected together, 1.8 3.6 \%
V(avss) = Vpvss) = 0 V
Viax) Analog input voltage range® | All ADC10_A pins 0 AVee| V
Operating supply current into | fapciocik = 5 MHz, ADC100N =1, REFON = 0, 22V 70 105
AVCC terminal, REF module | SHTO =0, SHT1 =0, ADC10DIV =0,
and reference buffer off ADC10SREF = 00 3V 80 115
Operating supply current into | fapciocLk = 5 MHz, ADC100N = 1, REFON = 1,
AVCC terminal, REF module |SHTO =0, SHT1 =0, ADC10DIV =0, 3V 130 185
on, reference buffer on ADC10SREF =01
lapc10_A - X HA
- Operating supply current into | fapciocik =5 MHz, ADC100N = 1, REFON =0,
AVCC terminal, REF module |SHTO =0, SHT1 =0, ADC10DIV =0, 3V 108 160
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 74 105
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.
AVee >2V,0V S Vp AV 36
R Input MUX ON resistance ce Ax ce kQ
1.8V <AVec<2V,0V < Vay £AVee 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.

Table 5-44 lists the timing parameters of the ADC.

Table 5-44. 10-Bit ADC, Timing Parameters
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Vce MIN TYP  MAX| UNIT
For specified performance of ADC10_A
fapciocLk linearity parameters 22V,3V | 045 5 55| MHz
Internal ADC10_A
fADClOOSC OSCi”atOr(l) - ADC10DIV = 0, fADClOCLK = fADClOOSC 2.2 V, 3V 4.4 5.0 5.6 MHz
REFON = 0, Internal oscillator, 12
ADC10CLK cycles, 10-bit mode 22V,3V 24 3.0
tconvert  Conversion time fapcioosc =4 MHz to 5 MHz us
External fapciocLk from ACLK, MCLK or 12 x
SMCLK, ADC10SSEL #0 1/ fapciocik
Turnon settling time of
taDc100N the ADC 9 See @ 100 ns
o Rs = 1000 Q, R, = 96 kQ, C, = 3.5 pF® 1.8V
tsample Sampling time 3 us
Rs = 1000 Q, R, = 36 kQ, C, = 3.5 pF® 3V

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

(2) 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.

(3) Approximately 8 Tau (t) are needed to get an error of less than +0.5 LSB
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Table 5-45 lists the linearity parameters of the ADC.

Table 5-45. 10-Bit ADC, Linearity Parameters

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

PARAMETER TEST CONDITIONS Vee MIN TYP  MAX| UNIT
£ Integral 1.4V < (Verer+ — Verer-) < 1.6 V, Cyerer+ = 20 pF 22V 3V £1.0 LSB
| niegr: 2V,
linearity error 1.6 V < (Verer+ — Verer-) < Vavee: Cverer+ = 20 pF £1.0
Differential
o inearity error 1.4V < (Verers — Verer.), Cverers = 20 pF 22V,3V +1.0| LSB
1.4V = (Verer+ — Verer-): Cverer+ = 20 pF
Eo Offset error Internal impedance of source Rg < 100 Q 22V,3V 10| LSB
: 1.4V = (Verer+ — Verer-)s
Eg Gain error Cverers = 20 pF, ADC10SREFx = 11b 22V,3V +1.0| LSB
Total unadjusted 1.4V £ (Verer+ — VeRer-)s
Br  error Cverers = 20 pF, ADC10SREFX = 11b 22V,3V 10 £20) LSB

Table 5-46 lists the characteristics of the external reference for the ADC.

Table 5-46. 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
Verer+ voltage input Verer+ > Verer- @ 14 AVec| V
Negative external ®
VeRer- reference voltage input Verer+ > Verer- 0 121 Vv
(Verer+ — Differential external o)
Verer.) reference voltage input Verer+ > VeRrer- 14 AVec| V
1.4V = Verer+ £ Vavee s Verer- =0V,
fapciocLk = 5 MHz, ADC10SHTx = 0x0001, 22V,3V 85  +26| pA
Conversion rate 200 ksps
:VeREF*’ Static input current P
VeREF- 1.4V = Verer+ = Vavee ) Verer- =0V,
fapciocLk = 5 MHz, ADC10SHTX = 0x1000, 22V,3V 1| pA
Conversion rate 20 ksps
Capacitance at VeREF+ ©)
Crerer+- or VeREF- terminal See 10 HF
(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 the 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 VeREF 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 .
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5.8.12 REF Module

Table 5-47 lists the characteristics of the built-in reference.

Table 5-47. REF, Built-In Reference
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Vce MIN TYP  MAX| UNIT
REFVSEL = {2} for 2.5V, REFON =1 3V 2.47 2.51 2.55
VRers ngggf built-in reference ' prrySEL = (1) for 2.0 V, REFON = 1 3V 1.95 1.99 203| V
REFVSEL = {0} for 1.5V, REFON =1 22V,3V 1.46 1.50 1.54
AVCC minimum voltage, REFVSEL = {0} for 1.5 V 18
AVcc(miny Po_sitive built-in reference REFVSEL = {1} for 2.0 V 2.2 \%
active REFVSEL = {2} for 2.5 V 2.7
fapciocik = 5 MHz,
REFON = 1, REFBURST =0, 23 30
REFVSEL = {2} for 2.5 V
; fabciocik = 5 MHz,
Ingrs ﬁfoef\t/'g%stzm% S| REFON = 1, REFBURST =0, 3V 21 27| A
REFVSEL = {1} for 2.0 V
fabciocik = 5 MHz,
REFON = 1, REFBURST =0, 19 25
REFVSEL = {0} for 1.5 V
Temperature coefficient of _ _ ppm/
TCrers bt oot o) REFVSEL = {0, 1, 2}, REFON = 1 10 s0| PET
| Operating supply current REFON = 1, ADC100N = 1, 22V 145 220 A
SENSOR into AVCC terminal INCH = 0Ah, T = 30°C 3V 170 o2a5| M
= = 22V 780
@ REFON = 1, ADC100N = 1,
VsENSOR See INCH = 0Ah, T, = 30°C 3V 780 m
i, ADC100N = 1, INCH = 0Bh 2.2V 1.08 11 112
V AV divider at channel 11 ! ' \%
MID ce Vb = 0.5 X Vayee 3V 148 15 152
t Sample time required if REFON = 1, ADC100N = 1, INCH = OAh, 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
. . . AVCC = AVCC(min) to AVCc(maX),
PSRR_DC (Psg)er supply rejection ratio | "Zgec 120 300| pviv
REFVSEL = {0, 1, 2}, REFON =1
. . . AVCC = AVCC(min) to AVCc(maX),
PSRR_AC (PAo(\;\ger supply rejection ratio |+ "Z5ec T2 1 kHz, AVpp = 100 mV, 1 mviv
REFVSEL = {0, 1, 2}, REFON =1
t Settling time of reference AV = AVce(min) to AVec(max), 75 s
SETTLE voltage ® REFVSEL ={0, 1, 2}, REFON =0 — 1 H
Vsp24REF fgé‘é—f internal reference | gno4REFS = 1 3V 1137 1151 1.165| V
SD24_B internal reference
ton turnon time @ SD24REFS = 0—1, Cggr = 100 nF 3V 200 us

(1) The internal reference current is supplied by 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°C to 85°C) — MIN(—40°C to 85°C)) / MIN(—40°C to 85°C)/(85°C — (~40°C)).

(3) The temperature sensor offset can be significant. TI recommends a single-point calibration to minimize the offset error of the built-in

temperature sensor.
(4) The typical equivalent impedance of the sensor is 51 kQ. The sample time required includes the sensor-on time tsensor(on):
(5) The on-time tymip(on) iS included in the sampling time tymipsample); NO additional on time is needed.
(6) The condition is that the error in a conversion started after trgron is < 1 LSB.
(7) The condition is that SD24_B conversion started after toy should ensure specified SINAD values for the selected Gain, OSR, and fgpyg.
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5.8.13 Flash

Table 5-48 lists the characteristics of the flash memory.

Table 5-48. Flash Memory
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER T MIN  TYP  MAX| UNIT
DVccppemerasey  Program and erase supply voltage 18 3.6 \%
lpam Average supply current from DVCC during program 3 5/ mA
lERASE Average supply current from DVCC during erase 6 11| mA
IMERASE, IBANK Average supply current from DVCC during mass erase or bank erase 6 11| mA
tepT Cumulative program time® 16| ms

Program and erase endurance 104 10° cycles

tRetention Data retention duration 25°C 100 years
tword Word or byte program time® 64 85| us
tBlock, 0 Block program time for first byte or word® 49 65| ps
telock, 1-(N-1) cI?rlovilgr;(c;r(cz))gram time for each additional byte or word, except for last byte 37 49 us
talock, N Block program time for last byte or word @ 55 73| us
terase E\r/zﬁgbtli(ran(% for segment erase, mass erase, and bank erase when 23 22| ms

FCLK MGR MCLK frequencX in marginal read moiie 0 1! MHuz

g (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
modes: individual word or byte write and block write.
(2) These values are hardwired into the state machine of the flash controller.

5.8.14 Emulation and Debug

Table 5-49 lists the characteristics of the JTAG and Spy-Bi-Wire interface.

Table 5-49. JTAG and Spy-Bi-Wire Interface
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER Vee MIN TYP MAX | UNIT
fspw Spy-Bi-Wire input frequency 22V,3V 0 20| MHz
tsBw,Low Spy-Bi-Wire low clock pulse duration 22V,3V 0.025 15 us

Spy-Bi-Wire enable time (TEST high to acceptance of first clock
tsew, En egge)(l) ( 9 P 2.2V,3V 1) us
tsBw,Rst Spy-Bi-Wire return to normal operation time 15 100 us
f TCK input f for 4-wire JTAG® 22V 0 > MH
input frequency for 4-wire z
TCK p q y 3V 0 10
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 TI MSP430F676Xx1A polyphase metering SoCs are powerful highly integrated solutions for revenue
meters that offer accuracy and low system cost with few external components. The F676x1A 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 or AMI modules. The F676x1A features
TI's 24-bit sigma-delta converter technology, which provides better than 0.5% accuracy. Family members
include up to 128KB of flash and 8KB of RAM and an LCD controller with support for up to 320 segments.
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6.2 Functional Block Diagrams
B 6-1 shows the functional block diagram for the PZ package.

XN XOUT DVCC DVSS AVCC AVSS  AUX1 AUX2 AUX3 RSTNMI PA PB PC PD PE
A P1.x, P2.x P3.x| P4.x P5.x) P6.x P7.x | P8.xi P9.x
o I | | | |
v v v v v v v v 4 4 [Y
v
ACLK
- 1/0 Ports 1/0 Ports 1/0 Ports 1/0 Port:
Unifed | 128KB o | [-SYS__ P1, P2 P3, P4 P5, P6 prre || "Ope™
System |_p 64KB K8 Watchdog 281 ?)i 2810s | | 2x81/0s 2x81/0s 1x4 110
SMCLK | Flash RAM [ [~ 5er 7| | CRC™® MPY32 Wakeup
Mapping
MCLK Controller N PA/ PB PC PD PE
1x16 1/0s 1x16 1/0s | | 1x16 l/Os 1%16 1/0s 1x4 1/0
CPUXV2
and
Working
Registers
(25 MHz)
EEM
(S:3+1)
PMM USCI_AO
Auxiliary SD24 B ADC10_A Lep_c REF TAO Tas cusciat| | eusct so DA
JTAG, Supplies RTC C TA3 eUSCI_A2 -
SBW ' —
LDO 3 Channel 10 Bit 8MUX Reference . . 2 3 Channel
Interface SVM, SVS 200ksps | | Upto320 | [ 15v,20v, Timer A Timer A Ir(g/fggl) (SPL.TC)
P BOR Segments 25V h . !
»| Port PJ Registers Registers
PJ.x
Copyright © 2016, Texas Instruments Incorporated
6-1. Functional Block Diagram — PZ Package
6-2 shows the functional block diagram for the PN package.
XIN XOUT  DVCC DVSS AVCC AVSS  AUX1 AUX2 AUX3 RST/NMI PA PB PC
A P1.x, P2.x P3.x P4. P5.x P6.x
2w | | | | | | | |
v v v v v v v 4 b 4 4
A y A A A
ACLK
- /0 Ports 1/0 Ports 1/0 Port
Unified [— 128KB 8KB | _SYS__ P1, P2 P3, P4 P5 PG
Clock 4KB ' ) '
Slock 64KB DMA Watchdog 2x8 1/0s 2x8 1/0s 2x81/0s
g Flash YNYIRN I I ] S CRC16 MPY32 Interrupt,
SMCLK as 3 Channel Port Wakeup
Mapping
MCLK PA PB PC
Controller 1x1610s | | 1x16 10s | | 1x16 1/0s
CPUXV2
and
Working
Registers
(25 MHz)
EEM
(S:3+1)
PMM TA1 eUSCI_A0
Auxiliary SD24 B ADC10_A LCD_C REF TAO TA2 eUSCI_A1 eUSCI_B0
JTAG, Supplies TA3 eUSCI_A2
SBW BMUX . RTC_C
Interface LDO 3 Channel 10 Bit Reference Timer_A Timer_A (UART, SPI. I’C
SVM, SVS 200 ksps Up to 320 1.5V,20V, 3CC 2CC IrDA,SPI) (SPLTC)
< p| PortPJ BOR Segments 25V Registers Registers
PJ.x
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6.3 CPU

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 (see B 6-3).

Peripherals are connected to the CPU using data, address, and control buses. Peripherals can be

managed 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

6-3. Integrated CPU Registers
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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. ¥ 6-1 lists examples of the three types of instruction formats. & 6-2 lists the address modes.

& 6-1. Instruction Word Formats

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

# 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
76 Detailed Description WX © 2015-2018, Texas Instruments Incorporated
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6.5 Operating Modes

These microcontrollers have one active mode and seven software-selectable low-power modes of
operation. An interrupt event can wake up the device from any of the low-power modes, service the
request, and restore back to the low-power mode on return from the interrupt program.

Software can configure the following operating modes:
* 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
— DC generator of the DCO remains enabled
— ACLK remains active
* Low-power mode 3 (LPM3)
CPU is disabled
MCLK, FLL loop control, and DCOCLK are disabled
— DC generator of the DCO is disabled
— ACLK remains active
* Low-power mode 4 (LPM4)
— CPU is disabled
— ACLK is disabled
— MCLK, FLL loop control, and DCOCLK are disabled
— DC generator of the DCO 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
— Wake-up input 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
— Wake-up input 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 in the address range OFFFFh to OFF80h (see &
6-3). The vector contains the 16-bit address of the appropriate interrupt-handler instruction sequence.

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

SYSTEM WORD
INTERRUPT SOURCE INTERRUPT FLAG R e ADDRESS | PRIORITY
System Reset
Power-Up
External Reset WDTIFG, KEYV (SYSRSTIV)D® Reset OFFFEh 63, highest
Watchdog Time-out, Key Violation
Flash Memory Key Violation
Syslt:el\;I“MNM' SVMLIFG, SVMHIFG, DLYLIFG, DLYHIFG,
VLRLIFG, VLRHIFG, VMAIFG, JMBNIFG (Non)maskable OFFFCh 62
Vacant Memory Access ! . RNE) !
JTAG Mailbox JMBOUTIFG (SYSSNIV)
User NMI
NMI
Oscillator Fault NMIIFG, OFIF(%’YAS%C,:\IY\I/';%@A)UXSWNMIFG (Non)maskable OFFFAh 61
Flash Memory Access Violation
Supply Switch
Watchdog Tlml\i:)_di Interval Timer WDTIEG Maskable OFFF8h 60
eUSCI_AO Receive or Transmit UCAORXIFG, UCAOTXIFG (UCAOIV) D ® Maskable OFFF6h 59
eUSCI_BO Receive or Transmit UCBORXIFG, UCBOTXIFG (UCBOIV)1® Maskable OFFF4h 58
ADC10IFGO, ADC10INIFG, ADC10LOIFG,
ADC10 A ADCI10HIIFG, ADC10TOVIFG, ADC100VIFG Maskable OFFF2h 57
(ADC101V) D)
SD24 B SD24_B Interrupt Flags (SD241v)M®) Maskable OFFFOh 56
Timer TAO TAOCCRO CCIFGO® Maskable OFFEEh 55
_ TAOCCR1 CCIFG1, TAOCCR2 CCIFG2,

Timer TAO TAOIFG (TAOIV)(l) @) Maskable OFFECh 54
eUSCI_A1 Receive or Transmit UCALRXIFG, UCALTXIFG (UCALIV)M® Maskable OFFEAh 53
eUSCI_A2 Receive or Transmit UCA2RXIFG, UCA2TXIFG (UCA2IV)1® Maskable OFFE8h 52

Auxiliary Supplies Auxiliary Supplies Interrupt Flags (AUXIV) D ®) Maskable OFFE6h 51
DMA DMAOIFG, DMALIFG, DMA2IFG (DMAIV)D®) Maskable OFFE4h 50
Timer TA1 TA1CCRO CCIFGO®™ Maskable OFFE2h 49

. TA1CCR1 CCIFG1,

Timer TAL1 TALIFG (TAlIV)(l) @) Maskable OFFEOh 48

I/O Port P1 P1IFG.0 to P1IFG.7 (P1IV)(D® Maskable OFFDEh 47

Timer TA2 TA2CCRO CCIFGO® Maskable OFFDCh 46

_ TA2CCR1 CCIFG1,

Timer TA2 TA2IFG (TA2IV) D@ Maskable OFFDAhN 45

I/O Port P2 P2IFG.0 to P2IFG.7 (P21V)(MD®) Maskable OFFD8h 44

Timer TA3 TA3CCRO CCIFGO®™ Maskable OFFD6h 43

. TA3CCR1 CCIFG1,
Timer TA3 TA3IEG (TA3IV)(1) @ Maskable OFFD4h 42
LCD_C LCD_C Interrupt Flags (LCDCIV)D®) Maskable OFFD2h 41
RTCOFIFG, RTCRDYIFG, RTCTEVIFG,
RTC_C RTCAIFG, RTOPSIFG, RT1PSIFG (RTCIV) (D@ Maskable OFFDOh 40

(1) Multiple source flags

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

INTERRUPT SOURCE INTERRUPT FLAG |N§|'YESR-I|-?EUN|LT AE/)VDCI):QREDSS PRIORITY
OFFCEh 39
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, TI recommends reserving these locations.

6.7 Bootloader (BSL)
The BSL lets users program the flash memory or RAM using various serial interfaces. & 6-4 lists the BSL
interface pin requirements. Access to the device memory by 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 complete description of the features of the BSL and its implementation, see MSP430
Programming With the Bootloader (BSL).
& 6-4. UART BSL Pin Requirements and Functions
DEVICE SIGNAL BSL FUNCTION
RST/NMI/SBWTDIO Entry sequence signal
TEST/SBWTCK Entry sequence signal
P3.0 Data transmit
P3.1 Data receive
DvCC Power supply
DVSS Ground supply
6.8 JTAG Operation
6.8.1 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 1/0. 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. 3k 6-5 lists the JTAG pin requirements. For further
details on interfacing to development tools and device programmers, see the MSP430 Hardware Tools
User's Guide and MSP430 Programming With the JTAG Interface.

%k 6-5. JTAG Pin Requirements and Functions

DEVICE SIGNAL DIRECTION FUNCTION
PJ.3/ACLK/TCK IN JTAG clock input
PJ.2/ADC10CLK/TMS IN JTAG state control
PJ.1/MCLK/TDI/TCLK IN JTAG data input, TCLK input
PJ.0/SMCLK/TDO ouT JTAG data output
TEST/SBWTCK IN Enable JTAG pins
RST/NMI/SBWTDIO IN External reset
DvCC Power supply
DVSS Ground supply
MR#X © 2015-2018, Texas Instruments Incorporated Detailed Description 79
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6.8.2 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.
#k 6-6 lists the Spy-Bi-Wire interface pin requirements. For further details on interfacing to development
tools and device programmers, see the MSP430 Hardware Tools User's Guide and MSP430 Programming
With the JTAG Interface.

Fk 6-6. 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
DvVCC Power supply
DVSS Ground supply
6.9 Flash Memory
The flash memory can be programmed through 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 RAM
The RAM is made up of n sectors. Each sector can be completely powered down to save leakage;
however, all data are lost. Features of the RAM include:
* RAM has n sectors of 2K bytes each.
e Each sector 0 to n can be complete disabled; however, data retention is lost.
e Each sector 0 to n automatically enters low-power retention mode when possible.
6.11 Backup RAM
The backup RAM provides a limited number of bytes of RAM that are retained during LPMx.5. This
backup RAM is part of the Backup subsystem, which operates on dedicated power supply AUXVCC3.
8 bytes of backup RAM are available in this device. The backup RAM can be word-wise accessed through
the registers BAKMEMO, BAKMEM1, BAKMEM2, and BAKMEM3. The backup RAM registers cannot be
accessed by the CPU when the high-side SVS is disabled by software.
80 Detailed Description WX © 2015-2018, Texas Instruments Incorporated
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6.12 Peripherals

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

6.12.1 Oscillator and System Clock

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 3 ps (typical). 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, or ACLK/32

6.12.2 Power-Management Module (PMM)

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, and brownout protection. The
brownout circuit provides the proper internal reset signal to the device during power on and power off. The
SVS and 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 are available on the primary supply and the core supply.

6.12.3 Auxiliary Supply System

The auxiliary supply system can operate the device from auxiliary supplies when the primary supply fails.
There are two auxiliary supplies supported: AUXVCC1 and AUXVCC2. 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. The auxiliary supply system enables internal monitoring of
voltage levels on primary and auxiliary supplies using ADC10_A. Also this module implements simple
charger for backup supplies.

6.12.4 Backup Subsystem

The Backup subsystem operates on a dedicated power supply AUXVCC3. This subsystem includes low-
frequency oscillator (XT1), RTC module, and backup RAM. The functionality of the Backup subsystem is
retained during LPM3.5. The Backup subsystem module registers cannot be accessed by the CPU when
the high-side SVS is disabled by user. It is necessary to keep the high-side SVS enabled with SYSHMD =
1 and SVSMHACE = 0 to turn off the low-frequency oscillator (XT1) in LPM4.

6.12.5 Digital I/O

Up to nine 1/O ports are implemented. For 100-pin options, Ports P1 to P8 are complete. P9 is reduced to
4-bit 1/0. For 80-pin options, Ports P1 to P6 are complete, and P7, P8, and P9 are completely removed.
Port PJ contains four individual 1/0 pins, common to all devices. All I/O bits are individually programmable.
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6.12.6 Port Mapping Controller

* Any combination of input, output, and interrupt conditions is possible.

» Pullup or pulldown on all ports is programmable.
» Programmable drive strength on all ports.

» Edge-selectable interrupt and LPM3.5 or LPM4.5 wake-up input capability available for all bits of ports
P1 and P2.

* Read and write access to port-control registers is supported by all instructions.
» Ports can be accessed byte-wise (P1 through P9) or word-wise in pairs (PA through PE).

The port mapping controller allows flexible and reconfigurable mapping of digital functions to P1, P2, and
P3 (see ik 6-7). 3k 6-8 lists the default settings for all pins that support port mapping.

F% 6-7. 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_AOQ SPI slave out master in (direction controlled by eUSCI)

) PM_UCAOTXD eUSCI_A0 UART TXD (direction controlled by eUSCI — Output)
PM_UCA0SIMO eUSCI_AOQ SPI slave in master out (direction controlled by eUSCI)

3 PM_UCAOCLK eUSCI_AO clock input/output (direction controlled by eUSCI)

4 PM_UCAOSTE eUSCI_AO SPI slave transmit enable (direction controlled by eUSCI)

5 PM_UCA1RXD eUSCI_A1 UART RXD (direction controlled by eUSCI — Input)
PM_UCA1SOMI eUSCI_AL1 SPI slave out master in (direction controlled by eUSCI)

6 PM_UCA1TXD eUSCI_A1 UART TXD (direction controlled by eUSCI — Output)
PM_UCA1SIMO eUSCI_AL1 SPI slave in master out (direction controlled by eUSCI)
PM_UCA1CLK eUSCI_A1 clock input/output (direction controlled by eUSCI)
PM_UCA1STE eUSCI_A1 SPI slave transmit enable (direction controlled by eUSCI)

9 PM_UCA2RXD eUSCI_A2 UART RXD (direction controlled by eUSCI — Input)
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_UCBO0SIMO eUSCI_BO SPI slave in master out (direction controlled by eUSCI)
PM_UCBOSDA eUSCI_BO I°C data (open drain and direction controlled by eUSCI)

1 PM_UCBOSOMI eUSCI_BO SPI slave out master in (direction controlled by eUSCI)
PM_UCBOSCL eUSCI_BO I°C clock (open drain and direction controlled by eUSCI)

15 PM_UCBOCLK eUSCI_BO clock input/output (direction controlled by eUSCI)

16 PM_UCBOSTE eUSCI_BO SPI slave transmit enable (direction controlled by eUSCI)

17 PM_TAO0.0 TAO CCRO capture input CCIOA TAO CCRO compare output OutO

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

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

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

21 PM_TA1.1 TA1 CCR1 capture input CCI1A TA1 CCR1 compare output Outl

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

23 PM_TA2.1 TA2 CCRA1 capture input CCI1A TA2 CCR1 compare output Outl

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

25 PM_TA3.1 TA3 CCR1 capture input CCI1A TA3 CCR1 compare output Outl
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£k 6-7. Port Mapping Mnemonics and Functions (continued)

VALUE PxMAPy MNEMONIC INPUT PIN FUNCTION OUTPUT PIN FUNCTION
Timer_A clock input to
26 PM_TACLK TAO, TAL, TA2, TA3 None
PM_RTCCLK None RTC_C clock output

27 PM_SDCLK SD24_B bit stream clock input/output (direction controlled by SD24_B)

28 PM_SDODIO SD24_B converter 0 bit stream data input/output (direction controlled by SD24_B)

29 PM_SD1DIO SD24_B converter 1 bit stream data input/output (direction controlled by SD24_B)

30 PM_SD2DIO SD24_B converter 2 bit stream data input/output (direction controlled by SD24_B)

o) Disables the output driver and the input Schmitt-trigger to prevent parasitic cross currents
31(OFFh) PM_ANALOG when applying analog signals.

(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.

& 6-8. Default Mapping

PIN NAME
7 N PxMAPy MNEMONIC INPUT PIN FUNCTION OUTPUT PIN FUNCTION
P1.0/PM_TAO0.0/ P1.0/PM_TAO0.0/ .
VeREE-/A2 VeREE-/A2 PM_TAO0.0 TAO CCRO capture input CCIOA TAO CCRO compare output OutO
P1.1/PM_TAO.1/ P1.1/PM_TAO.1/ .
VeREE+/AL VeREE+/AL PM_TAO0.1 TAO CCR1 capture input CCI1A TAO CCR1 compare output Outl
eUSCI_AO0 UART RXD
P1.2/PM_UCAORXD/ P1.2/PM_UCAORXD/ PM_UCAORXD, (direction controlled by eUSCI — input),
PM_UCAOSOMI/A0 PM_UCAOSOMI/A0 PM_UCAQSOMI eUSCI_AO0 SPI slave out master in
(direction controlled by eUSCI)
eUSCI_AO UART TXD
P1.3/PM_UCAOTXD/ P1.3/PM_UCAOQOTXD/ PM_UCAOTXD, (direction controlled by eUSCI — output),
PM_UCAOSIMO/R03 PM_UCAOSIMO/R03 PM_UCAOSIMO eUSCI_AO0 SPI slave in master out
(direction controlled by eUSCI)
eUSCI_A1 UART RXD
P1.4/PM_UCAIRXD/ P1.4/PM_UCAIRXD/ PM_UCA1RXD, (direction controlled by eUSCI — input),
PM_UCA1SOMI/ PM_UCA1SOMI/ .
LCDREE/R13 LCDREE/R13 PM_UCA1SOMI eUS_CI_Al SPI slave out master in
(direction controlled by eUSCI)
eUSCI_A1 UART TXD
P1.5/PM_UCALTXD/ P1.5/PM_UCALTXD/ PM_UCALTXD, (direction controlled by eUSCI — output),
PM_UCA1SIMO/R23 PM_UCA1SIMO/R23 PM_UCA1SIMO eUSCI_AL SPI slave in master out
(direction controlled by eUSCI)
P1.6/PM_UCAOCLK/ P1.6/PM_UCAOCLK/ . N
COM4 CoM4 PM_UCAOCLK eUSCI_AO clock input/output (direction controlled by eUSCI)
P1.7/PM_UCBOCLK/ P1.7/PM_UCBOCLK/ . . .
COMS5 COMS5 PM_UCBOCLK eUSCI_BO clock input/output (direction controlled by eUSCI)
eUSCI_BO SPI slave out master in
P2.0/PM_UCBOSOMI/ P2.0/PM_UCBOSOMI/ PM_UCBOSOMI, (direction controlled by eUSCI),
PM_UCBOSCL/COM6 PM_UCBOSCL/COM6/S39 PM_UCBOSCL eUSCI_BO I2C clock
(open drain and direction controlled by eUSCI)
eUSCI_BO SPI slave in master out
P2.1/PM_UCBO0SIMO/ P2.1/PM_UCBOSIMO/ PM_UCBOSIMO, (direction controlled by eUSCI),
PM_UCBOSDA/COM7 PM_UCBOSDA/COM7/S38 PM_UCBOSDA eUSCI_BO I°C data
(open drain and direction controlled by eUSCI)
eUSCI_A2 UART RXD
P2.2/PM_UCA2RXD/ P2.2/PM_UCA2RXD/ PM_UCA2RXD, (direction controlled by eUSCI — input),
PM_UCA2SOMI PM_UCA2SOMI/S37 PM_UCA2SOMI eUSCI_A2 SPI slave out master in
(direction controlled by eUSCI)
eUSCI_A2 UART TXD
P2.3/PM_UCA2TXD/ P2.3/PM_UCA2TXD/ PM_UCA2TXD, (direction controlled by eUSCI — output),
PM_UCA2SIMO PM_UCA2SIMO/S36 PM_UCA2SIMO eUSCI_A2 SPI slave in master out
(direction controlled by eUSCI)
P2.4/PM_UCA1CLK P2.4/PM_UCA1CLK/S35 PM_UCA1CLK eUSCI_A1 clock input/output (direction controlled by eUSCI)
P2.5/PM_UCA2CLK P2.5/PM_UCA2CLK/S34 PM_UCA2CLK eUSCI_A2 clock input/output (direction controlled by eUSCI)
P2.6/PM_TA1.0 P2.6/PM_TA1.0/S33 PM_TA1.0 TA1 CCRO capture input CCIOA TA1 CCRO compare output OutO
P2.7/PM_TA1.1 P2.7/PM_TA1.1/S32 PM_TA1.1 TA1 CCR1 capture input CCI1A TA1 CCR1 compare output Outl
P3.0/PM_TA2.0 P3.0/PM_TA2.0/S31 PM_TA2.0 TA2 CCRO capture input CCIOA TA2 CCRO compare output OutO
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# 6-8. Default Mapping (continued)

PIN NAME
b7 PN PXxMAPy MNEMONIC INPUT PIN FUNCTION OUTPUT PIN FUNCTION
P3.1/PM_TA2.1 P3.1/PM_TA2.1/S30 PM_TA2.1 TA2 CCR1 capture input CCI1A TA2 CCR1 compare output Outl
P3.2/PM_TACLK/ P3.2/PM_TACLK/ PM_TACLK, Timer_A clock input to RTC C clock output
PM_RTCCLK PM_RTCCLK/S29 PM_RTCCLK TAO, TAL, TA2, TA3 - p
P3.3/PM_TAO0.2 P3.3/PM_TAO0.2/S28 PM_TAO0.2 TAO CCR2 capture input CCI2A TAO CCR2 compare output Out2
SD24_B bit stream clock input/output
P3.4/PM_SDCLK/S39 P3.4/PM_SDCLK/S27 PM_SDCLK (direction controlled by SD24_B)
P3.5/PM_SDODIO/S38 P3.5/PM_SDODIO/S26 PM_SDODIO SD24_B converter 0 bit stream data inputjoutput
(direction controlled by SD24_B)

P3.6/PM_SD1DIO/S37 | P3.6/PM_SD1DIO/S25 PM_SD1DIO SD24_B converter 1 bit stream data input/output

- - - (direction controlled by SD24_B)
P3.7/PM_SD2DIO/S36 | P3.7/PM_SD2DIO/S24 PM_SD2DIO SD24_B converter 2 bit stream data input/output

— — — (direction controlled by SD24_B)

6.12.7 System Module (SYS)

The SYS module handles many of the system functions within the device. These include power on reset
(POR) and power up clear (PUC) handling, NMI source selection and management, reset interrupt vector
generators (see #F* 6-9), bootloader entry mechanisms, and configuration management (device
descriptors). It also includes a data exchange mechanism through JTAG called a JTAG mailbox that can
be used in the application.

Fz 6-9. System Module Interrupt Vector Registers

INTERRUPT VECTOR REGISTER INTERRUPT EVENT AI\DND??RI’E%S OFFSET PRIORITY

No interrupt pending 00h

Brownout (BOR) 02h Highest
RST/NMI (POR) 04h
DoBOR (BOR) 06h
Wake up from LPMx.5 (BOR) 08h
Security violation (BOR) O0Ah
SVSL (POR) 0Ch
SVSH (POR) OEh
SVML_OVP (POR) 10h

SYSRSTIV, System Reset 019Eh

SVMH_OVP (POR) 12h
DoPOR (POR) 14h
WDT time-out (PUC) 16h
WDT key violation (PUC) 18h
KEYYV flash key violation (PUC) 1Ah
Reserved 1Ch
Peripheral area fetch (PUC) 1Eh
PMM key violation (PUC) 20h

Reserved 22h to 3Eh Lowest
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£k 6-9. System Module Interrupt Vector Registers (continued)

INTERRUPT VECTOR REGISTER INTERRUPT EVENT ABA/D%FEIDSS OFFSET PRIORITY

No interrupt pending 00h

SVMLIFG 02h Highest
SVMHIFG 04h
DLYLIFG 06h
DLYHIFG 08h
SYSSNIV, System NMI VMAIFG 019Ch 0Ah
JMBINIFG 0Ch
JMBOUTIFG OEh
VLRLIFG 10h
VLRHIFG 12h

Reserved 14h to 1Eh Lowest
No interrupt pending 00h

NMIIFG 02h Highest
SYSUNIV, User NMI OFIFG 019Ah 04n
ACCVIFG 06h
AUXSWNMIFG 08h

Reserved OAh to 1Eh Lowest

6.12.8 Watchdog Timer (WDT_A)

The primary function of the WDT_A module 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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6.12.9 DMA Controller

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. £ 6-10 lists the available DMA triggers.

% 6-10. DMA Trigger Assignments®

TRIGGER CHANNEL
0 | 1 | 2

0 DMAREQ
1 TAOCCRO CCIFG
2 TAOCCR2 CCIFG
3 TALCCRO CCIFG
4 Reserved
5 TA2CCRO CCIFG
6 Reserved
7 TA3CCRO CCIFG
8 Reserved
9 Reserved
10 Reserved
11 Reserved
12 Reserved
13 SD24IFG
14 Reserved
15 Reserved
16 UCAORXIFG
17 UCAOTXIFG
18 UCA1RXIFG
19 UCALTXIFG
20 UCA2RXIFG
21 UCA2TXIFG
22 UCBORXIFGO
23 UCBOTXIFGO
24 ADC10IFGO
25 Reserved
26 Reserved
27 Reserved
28 Reserved
29 MPY ready
30 DMAZ2IFG DMAOIFG DMALIFG
31 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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6.12.10 CRC16
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.

6.12.11 Hardware Multiplier

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

6.12.12 Enhanced Universal Serial Communication Interface (eUSCI)

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 supports for SPI (3- or 4-pin), UART, enhanced UART, or IrDA.
The eUSCI_Bn module supports for SPI (3- or 4-pin) or I°C.

Three eUSCI_A and one eUSCI_B module are implemented.

6.12.13 ADCI10_A

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.

6.12.14 SD24_B

The SD24_B module integrates up to three independent 24-bit sigma-delta ADCs. Each converter is
designed with a fully differential analog input pair and programmable gain amplifier input stage. 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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6.12.15 TAO

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 (see 3 6-11). TAO also has extensive
interrupt capabilities. Interrupts may be generated from the counter on overflow conditions and from each
of the capture/compare registers.

% 6-11. TAO Signal Connections

MODULE OUTPUT DEVICE OUTPUT
DEVICE INPUT SIGNAL | MODULE INPUT NAME MODULE BLOCK SIGNAL SIGNAL
PM_TACLK TACLK
ACLK (internal) ACLK .
- Timer NA NA
SMCLK (internal) SMCLK
PM_TACLK INCLK
PM_TAO0.0 CCIOA PM_TAO0.0
DVSS CcCloB
CCRO TAO
DVSS GND
DvccC VCC
PM_TAO0.1 CCI1A PM_TAO0.1
. ADC10_A (internal)
ACLK (internal) CCliB ADC10SHSXx = {1}
CCR1 TAl SD24_B (int )
_B (interna
DVSS GND SD24SCsSx = {1}
DvcCC VCC
PM_TAO0.2 CCI2A PM_TAO0.2
DVSS CCI2B
CCR2 TA2
DVSS GND
DvccC VCC
6.12.16 TA1l

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 (see & 6-12). TAl also has extensive interrupt
capabilities. Interrupts may be generated from the counter on overflow conditions and from each of the

capture/compare registers.

% 6-12. TA1 Signal Connections

MODULE OUTPUT DEVICE OUTPUT
DEVICE INPUT SIGNAL | MODULE INPUT NAME MODULE BLOCK SIGNAL SIGNAL
PM_TACLK TACLK
ACLK (internal) ACLK .
- Timer NA NA
SMCLK (internal) SMCLK
PM_TACLK INCLK
PM_TA1.0 CCIOA PM_TA1.0
DVSS CCloB
CCRO TAO
DVSS GND
DvcCC VCC
PM_TA1.1 CCI1A PM_TA1.1
ACLK (internal) CCl1B
CCR1 TAl
DVSS GND
DvcCC VCC
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6.12.17 TAZ2

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 (see #*& 6-13). TA2 also has extensive interrupt
capabilities. Interrupts may be generated from the counter on overflow conditions and from each of the
capture/compare registers.

% 6-13. TA2 Signal Connections

MODULE OUTPUT DEVICE OUTPUT
DEVICE INPUT SIGNAL | MODULE INPUT NAME MODULE BLOCK SIGNAL SIGNAL
PM_TACLK TACLK
ACLK (internal) ACLK .
- Timer NA NA
SMCLK (internal) SMCLK
PM_TACLK INCLK
PM_TA2.0 CCIOA PM_TA2.0
DVSS CcCloB
CCRO TAO
DVSS GND
DvccC VCC
PM_TA2.1 CCI1A PM_TA2.1
. SD24_B (internal)
ACLK (internal) CCl1B CCR1 TAL SD24SCSX = {2}
DVSS GND
DvCC VCC
6.12.18 TA3

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 (see & 6-14). TA3 also has extensive interrupt
capabilities. Interrupts may be generated from the counter on overflow conditions and from each of the
capture/compare registers.

% 6-14. TA3 Signal Connections

DEVICE INPUT SIGNAL

MODULE INPUT NAME

MODULE BLOCK

MODULE OUTPUT

DEVICE OUTPUT

SIGNAL SIGNAL
PM_TACLK TACLK
ACLK (internal) ACLK .
SMCLK (internal) SMCLK Timer NA
PM_TACLK INCLK
PM_TA3.0 CCIOA PM_TA3.0
DVSS cclos CCRO TAO g%%ll%_SAH(lsr:(te——r?g?
DVSS GND
DvCC VCC
PM_TA3.1 CCI1A PM_TA3.1
ACLK (internal) cciiB cert AL Ss%zzt_sBc(éTir?g?
DVSS GND
DvVCC VvCC
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6.12.19 SD24 B Triggers

#= 6-15 lists the input trigger connections to SD24_B converters from Timer_A modules and output trigger

pulse connection from SD24 B to ADC10_A.

Fz 6-15. 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) SD24SCSx = 1
) SD24_B
TA2.1 (internal) SD24SCSx = @
SD24 B

SD24SCSx = {3}

Trigger Pulse

ADC10_A (internal)
ADC10SHSx = {3}

SD24_B

6.12.20 ADC10_A Triggers
F= 6-16 lists input trigger connections to ADC10_A from Timer_A modules and SD24 B.

# 6-16. ADC10_A Input Trigger Connections

DEVICE INPUT SIGNAL

MODULE INPUT SIGNAL

MODULE BLOCK

. ADC10_A
TAO.1 (internal) ADC10SHSX = W
) ADC10_A
TA3.0 (internal) ADC10SHSX = {2}
SD24_B ADC10_A

trigger pulse (internal)

ADC10SHSx = {3}

ADC10_A

6.12.21 Real-Time Clock (RTC_C)

The RTC_C module can be configured for real-time clock (RTC) or 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 runaway 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, and temperature compensation. The
RTC_C on this device operates on dedicated AUXVCC3 supply and supports operation in LPM3.5.

6.12.22 Reference (REF) Module Voltage Reference

The REF generates all of the 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.

6.12.23 LCD_C

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 an 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.
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6.12.24 Embedded Emulation Module (EEM) (S Version)

The EEM supports real-time in-system debugging. The S version of the EEM has the following features:

Three hardware triggers or breakpoints on memory access
One hardware trigger or breakpoint on CPU register write access

Up to four hardware triggers can be combined to form complex triggers or breakpoints
One cycle counter

Clock control on module level
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6.13 Input/Output Diagrams
6.13.1 Port P1 (P1.0 and P1.1) Input/Output With Schmitt Trigger

B 6-4 shows the port diagram. %k 6-17 summarizes the selection of the pin functions.

From Port Mapping —

X

P1.0/PM_TAO0.0/VeREF-/A2

| Pad Logic |
To and from Reference | |
I
= —————- n
| |
To ADC10_A [ {>T<]—'—"
I
INCHx =y : |
r—————————————— —
P1REN.x ® )
—
P1MAP.x = PMAP_ANALOG —— DVSS 0
— O—
DVCC 1 1
PDIRX #—] O o - >
Direction
From Port Mapping — 1 0: Input
pping /r 1: Output
P10UT.x IL\OK
1T

P1DS.x =
P1SELx ® 0: Low drive P1.1/PM_TAO0.1/VeREF+/A1
1: High drive
P1IN.x < ? 7
EN Bus
Keeper
To Port Mapping < D
_______________ |
P1IE.x
—a EN U
P1IRQ.x N aQ
P1IFG.x I Set qj
P1SEL.x m—— Interrupt
Edge
P1IESx m—] Select —
6-4. Port P1 (P1.0 and P1.1) Diagram
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#% 6-17. Port P1 (P1.0 and P1.1) Pin Functions

CONTROL BITS AND SIGNALS®
PIN NAME (P1.x) FUNCTION
P1DIR.x P1SEL X P1MAPX
P1.0 (1/0) 1:0;0:1 0 X
P1.0/PM TAO0.0/ TAOQ.CCIOA 0 1 default
VeREF-/A2 TAO.TAO 1 1 default
VeREF-/A2?@ X 1 =31
P1.1 (1/0) 1:0;0:1 0 X
P1.1/PM TAO0.1/ TAO.CCI1A 0 1 default
VeREF+/A1 TAO.TAL 1 1 default
VeREF+/A1®@ X 1 =31

(1) X =Don't care

(2) Setting P1SEL.x bit together with PLMAPx = PM_ANALOG disables the output driver and the input Schmitt trigger.
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6.13.2 Port P1 (P1.2) Input/Output With Schmitt Trigger

B 6-5 shows the port diagram. %k 6-18 summarizes the selection of the pin functions.

|
| Pad Logic :
ToADC10_A : {>T<} I
INCHx =y | :
|
| T
‘ ! |
| |
|
PIREN.x ® 1 |
P1MAP.x = PMAP_ANALOG | DVSS 0 :
| O—
| pvce —| 1 1 |
P1DIR.x -—} o l
Direction |
From Port Mapping — 1 0: Input !
pping /r 1: Output | :
|
N | |
P10UTX 0 | |
From Port Mapping —1 1 | l/( l
| H l P1.2/PM_UCAORXD/PM_UCAO0SOMI/AQ
P1DSx B— |
PISELX =—@ | 0: Low drive
| 1: High drive :
P1IN.x < I 4 7
| T |
EN | Bus |
| Keeper |
To Port Mapping < D | |
| |
_______________ a
P1IE.x

—a EN U
P1IRQ.x " aQ
P1IFG.x I Set A]
P1SELx m—— Interrupt
Edge
Select

P1IES.x m—]

6-5. Port P1 (P1.2) Diagram

% 6-18. Port P1 (P1.2) Pin Functions

CONTROL BITS AND SIGNALS®
PIN NAME (P1.X) X FUNCTION
P1DIR.X P1SEL .x P1MAPX
P1.2 (/0) 1:0;0: 1 0 X
P1.2/PM_UCAORXD/
PM._UCAOSOMI/AQ 2 | UCAORXD/UCAQSOMI X 1 default
A0@ X 1 =31

(1) X =Don' care

(2) Setting P1SEL.x bit together with PLMAPx = PM_ANALOG disables the output driver and the input Schmitt trigger.
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6.13.3 Port P1 (P1.3 to P1.5) Input/Output With Schmitt Trigger

B 6-6 shows the port diagram. & 6-19 summarizes the selection of the pin functions.

|~ "= a
ToLCD_C i DTQ |
| I
F——————— : m?gi::
PIREN.X ® y 'ﬂj | |
P1MAP.x = PMAP_ANALOG | ovss |5 |
| O—
| pvee — 1 1]
q
PIDIRx 0 Direction | @— |
From Port Mapping 1 0: Input | |
1: Output |
|
|
P10UTx 0 | |
From Port Mapping 1 | I :
| P1DS.X B— — | P1.3/PM_UCAOTXD/PM_UCAOSIMO/R03
P1SELX = ® 0L 'Xd N | P1.4/PM_UCA1RXD/PM_UCA1SOMI/LCDREF/R13
| - -ow drive P1.5/PM_UCA1TXD/PM_UCA1SIMO/R23
1: High drive |
P1INx <« | 0 7 |
EN | Bus |
| Keeper
To Port Mapping < D | |
P1IE.x |— —————————— -
1]
P1IRQ.x &G:'r EN
Q
P1IFG.x Set 44]
P1SEL.x m—] Interrupt
Edge
PIESxm— seoqt |—

6-6. Port P1 (P1.3 to P1.5) Diagram

% 6-19. Port P1 (P1.3 to P1.5) Pin Functions

CONTROL BITS AND SIGNALS®
PIN NAME (P1.x) X FUNCTION
P1DIR.X P1SEL.x P1MAPX
P1.3 (1/0) l:0;0: 1 0 X
P1.3/PM_UCAOTXD/
PM. UCAOSIMO/RO3 UCAOTXD/UCAOSIMO X 1 default
R03® X 1 =31
P1.4/PM_UCALRXD/ P14 (O) :0,0:1 0 X
PM_UCA1SOMI/ UCA1RXD/UCA1SOMI X 1 default
LCDREF/R13 LCDREF/R13@ X 1 =31
P1.5 (1/0) l:0;0: 1 0 X
P1.5/PM_UCALTXD/
PM_UCALSIMO/R23 UCALTXD/UCALSIMO X 1 default
R23@ X 1 =31

(1) X =Don't care

(2) Setting P1SEL.x bit together with PLMAPx = PM_ANALOG disables the output driver and the input Schmitt trigger.

MR#X © 2015-2018, Texas Instruments Incorporated
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6.13.4 Port P1 (P1.6 and P1.7), Port P2 (P2.0 and P2.1) (PZ Package Only) Input/Output

With Schmitt Trigger

6-7 shows the port diagram. & 6-20 and ik 6-21 summarize the selection of the pin functions.

COM4 to COM7

From LCD_C

l Pad Logic |
PyREN.x ® | :
PyMAP.x = PMAP_ANALOG | DVSS 0 |
O_
| DvVCC — 1 |
q
PYDIRx 0 Direction I @- I
From Port Mapping 1 O:Input | |
1: Output I |
PyOUT.x 0 I I
From Port Mapping 1 ! l Q
I . I P1.6/PM_UCAOCLK/COM4
PYSELX B—@ | PyDSx o | P1.7/PM_UCBOCLK/COMS
| 1 High drive | P20/PM_UCBOSOMI/PM_UCBOSCL/COMS
-Hig P2.1/PM_UCBOSIMO/PM_UCBOSDA/COM7
PyIN.X } ¢ I |
I Bus I
| Keeper |
To Port Mapping | |
1]
PyIRQ.x EN
Q
PyIFG.x Set _4]
Interrupt
Edge
Select [

6-7. Port P1 (P1.6 and P1.7), Port P2 (P2.0 and P2.1) Diagram (PZ Package Only)

96 Detailed Description
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#% 6-20. Port P1 (P1.6 and P1.7) Pin Functions

CONTROL BITS AND SIGNALS®

PIN NAME (P1.x) FUNCTION COM4, COMS5
P1DIR.x P1SEL.x P1MAPX Enable Signal
P1.6 (I/O) I:0;0:1 0 X 0
UCAOCLK X 1 default 0
P1.6/PM_UCAOCLK/COM4 Output driver and input Schmitt X 1 - 31 0
trigger disabled B
CcOomM4 X X X 1
P1.7 (1/0) 1:0;0:1 0 X 0
UCBOCLK X 1 default 0
P1.7/PM_UCBOCLK/COM5 Output driver and input Schmitt X 1 _3 0
trigger disabled -
COM5 X X X 1
(1) X =Don' care
F% 6-21. Port P2 (P2.0 and P2.1) Pin Functions (PZ Package Only)
CONTROL BITS AND SIGNALS®
PIN NAME (P2.x) FUNCTION COM6, COM7
P2DIR.x P2SEL.x P2MAPX Enable Signal
P2.0 (I/O) I:0;0:1 0 X 0
UCBOSOMI/UCBOSCL X 1 default 0
P2.0/PM_UCBOSOMI/ - - -
PM_UCBOSCL/COM6 Output driver and input Schmitt X 1 - 31 0
trigger disabled
COM6 X X X 1
P2.1 (1/0) 1:0;0:1 0 X 0
UCBOSIMO/UCBOSDA X 1 default 0
P2.1/PM_UCBOSIMO/ . . :
PM_UCBOSDA/COM7 Output driver and input Schmitt X 1 -31 0
trigger disabled
com7 X X X 1
(1) X =Don' care
MR#X © 2015-2018, Texas Instruments Incorporated Detailed Description 97
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6.13.5 Port P2 (P2.2 to P2.7) Input/Output With Schmitt Trigger (PZ Package Only)

B 6-8 shows the port diagram. & 6-22 summarizes the selection of the pin functions.

P2MAP.x = PMAP_ANALOG 4—D

Pad Logic

P2REN.x = \

P2DIR.x B— —
Direction
From Port Mapping — 0: Input
g 1: Output

DVSS 0
DvCC 1

D

P20UT.x l-l—

From Port Mapping —

SN

P2DS.x m——'

P2SEL.x ® 0: Low drive
1: High drive

P2IN.x ¢ T
EN Bus
Keeper
To Port Mapping D
P2IE.x

1|
P2IRQ.x EN
Q
P2IFG.x Set

P2SEL.x m— Interrupt ]

Edge
P2IES.x m—{ Select

I P2.2/PM_UCA2RXD/PM_UCA2SOMI
| P2.3/PM_UCA2TXD/PM_UCA2SIMO
P2.4/PM_UCA1CLK
| P2.5/PM_UCA2CLK
P2.6/PM_TA1.0
| P2.7/PM_TA1.1

6-8. Port P2 (P2.2 to P2.7) Diagram (PZ Package Only)

98

Detailed Description
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F% 6-22. Port P2 (P2.2 to P2.7) Pin Functions (PZ Package Only)

CONTROL BITS AND SIGNALS®

PIN NAME (P2.x) FUNCTION
P2DIR.x P2SEL .x P2MAPX

P2.2 (1/0) 1:0;0:1 0 X

P2.2/PM_UCA2RXD/

PM_UCA2SOMI UCA2RXD/UCA2SOMI X 1 default
Output driver and input Schmitt trigger disabled X 1 =31
P2.3 (1/0) 1:0;0:1 0 X

P2.3/PM_UCA2TXD/

PM_UCA2SIMO UCA2TXD/UCA2SIMO X 1 default
Output driver and input Schmitt trigger disabled X 1 =31
P2.4 (1/0) 1:0;0:1 0 X

P2.4/PM_UCAI1CLK UCAL1CLK X 1 default
Output driver and input Schmitt trigger disabled X 1 =31
P2.5 (1/0) 1:0;0:1 0 X

P2.5/PM_UCA2CLK UCA2CLK X 1 default
Output driver and input Schmitt trigger disabled X 1 =31
P2.6 (1/0) 1:0;0:1 0 X
TA1.CC10A 0 1 default

P2.6/PM_TA1.0

- TAL1.TAO 1 1 default

Output driver and input Schmitt trigger disabled X 1 =31
P2.7 (1/0) 1:0;0:1 0 X
TAL.CCI1A 0 1 default

P2.7/PM_TA1.1

- TALTA1 1 1 default

Output driver and input Schmitt trigger disabled X 1 =31

(1) X =Don'tcare

MR#X © 2015-2018, Texas Instruments Incorporated Detailed Description 99
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6.13.6 Port P3 (P3.0 to P3.3) Input/Output With Schmitt Trigger (PZ Package

Only)

B 6-9 shows the port diagram. & 6-23 summarizes the selection of the pin functions.

r———— - ———
| Pad Logic I
I
. — |
P3REN.x ® i |
P3MAP.x = PMAP_ANALOG | DVSS 0 I
| —o o |
pvce 1 1 |
PADIRX ] O - | O! ) |
Direction |
i I 0: Input '
From Port Mapping /’]r 1 Output | |
PN | |
P30UT.x 0 |
From Port Mapping ——1 1 | |
/f I P3DSx ®— P3.0/PM_TA2.0
P3SELx ® TS | 0: Low drive | P31/PM TA21
1: High drive | P3.2/PM_TACLK/PM_RTCCLK
| P3.3/PM_TAO0.2
P3IN.x ¢ 4 7 |
| T
| Bus I
Keeper |
To Port Mapping < D I
| I
| I

6-9. Port P3 (P3.0 to P3.3) Diagram (PZ Package Only)

#k 6-23. Port P3 (P3.0 to P3.3) Pin Functions (PZ Package Only)

CONTROL BITS AND SIGNALS®
PIN NAME (P3.x) X FUNCTION
P3DIR.x P3SEL.x P3MAPXx
P3.0 (1/0) I:0;0: 1 0 X
TA2.CC10A 0 1 default
P3.0/PM_TA2.0 0
- TA2.TAO 1 1 default
Output driver and input Schmitt trigger disabled X 1 =31
P3.1 (1/0) I:0;0: 1 0 X
TA2.CCI1A 0 1 default
P3.1/PM_TA2.1 1
- TA2.TA1 1 1 default
Output driver and input Schmitt trigger disabled X 1 =31
P3.2 (1/0) I:0;0: 1 0 X
P3.2/PM_TACLK/ 5 TACLK 0 1 default
PM_RTCCLK RTCCLK 1 1 default
Output driver and input Schmitt trigger disabled X 1 =31
P3.3 (1/0) I:0;0: 1 0 X
TAO.CCI2A 0 1 default
P3.3/PM_TAO0.2 3
- TAO.TA2 1 1 default
Output driver and input Schmitt trigger disabled X 1 =31

(1) X =Don' care

100 Detailed Description
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6.13.7 Port P3 (P3.4 to P3.7) Input/Output With Schmitt Trigger (PZ Package Only)

B 6-10 shows the port diagram. & 6-24 summarizes the selection of the pin functions.

I
I
$39 to S37 | i
I
LCDS39 to LCDS37 = ° | :

I————————————————I
Pad Logic |
) I
P3REN.x ® } |
P3MAP.x = PMAP_ANALOG —— DVSS 0 I
] o— |
DvVCC 1 1 |
P3DIRXx B—] o 9 I
Direction |
From Port Mapping — 0: Input
pping 1: Output I
I
I

P30UT.x I—I—

From Port Mapping —]

P3.4/PM_SDCLK/S39

-1
P3DS.x ®- P3.5/PM_SDODIO/S38

A

P3SELx ® 0: Low drive P3.6/PM_SD1DIO/S37
- hig P3.7/PM_SD2DIO/S36
P3IN.x <
Bus
Keeper

To Port Mapping <—I 4 D

_______________ |
6-10. Port P3 (P3.4 to P3.7) Diagram (PZ Package Only)
MR#X © 2015-2018, Texas Instruments Incorporated Detailed Description 101
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F% 6-24. Port P3 (P3.4 to P3.7) Pin Functions (PZ Package Only)

CONTROL BITS AND SIGNALS®
PIN NAME (P3.x) X FUNCTION LCDS39—
P3DIR.x P3SEL.x P3MAPX LCDS36
P3.4 (/0) 1:0;0: 1 0 X 0
SDCLK X 1 default 0
P3.4/PM_SDCLK/S39 4 Output driver and input Schmitt X 1 - 31 0
trigger disabled B
S39 X X X 1
P3.5 (1/0) 1:0;0:1 0 X 0
SDODIO X 1 default 0
P3.5/PM_SDODIO/S38 5 | Output driver and input Schmitt X 1 _3 0
trigger disabled -
S38 X X X 1
P3.6 (1/0) 10 0: 1 0 X 0
SD1DIO X 1 default 0
P3.6/PM_SD1DIO/S37 6 Output driver and input Schmitt X 1 - 31 0
trigger disabled B
S37 X X X 1
P3.7 (1/0) 1:0;0:1 0 X 0
SD2DIO X 1 default 0
P3.7/PM_SD2DIO/S36 7 | Output driver and input Schmitt X 1 _3 0
trigger disabled -
S36 X X X 1

(1) X =Don' care

102 Detailed Description WX © 2015-2018, Texas Instruments Incorporated
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6.13.8 Port P4 (P4.0 to P4.7), Port P5 (P5.0 to P5.7), Port P6 (P6.0 to P6.7), Port P7 (P7.0 to
P7.7), Port P8 (P8.0 to P8.3) Input/Output With Schmitt Trigger (PZ Package Only)

6-11 shows the port diagram. & 6-25 through & 6-29 summarize the selection of the pin functions.

_______________ 1
| |
Sz ! I
| |
LCDSz = | |
Po—————————————1
[ Pad Logic |
PyREN } I I
y X B T I
— |
| DVSS 0 :
: pvcc —| 1 1 |
PYDIRx -—t} - ™ ) |
Direction | / |
1 0: Input |
/]/ 1: Output | |
I
N ! |
PyOUT.x 0 |
pvss —| 1 : |
T | PyDSx ®—1 | Pyx/sz
PySELX = | 0: Low drive |
| 1: High drive |
PyINx < i ’ s :
I Bus |
| Keeper |
Not Used < D | |
| |
- - _ a

6-11. Port P4 (P4.0 to P4.7), Port P5 (P5.0 to P5.7), Port P6 (P6.0 to P6.7), Port P7 (P7.0 to P7.7), Port P8
(P8.0 to P8.3) Diagram (PZ Package Only)

M © 2015-2018, Texas Instruments Incorporated Detailed Description 103
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F% 6-25. Port P4 (P4.0 to P4.7) Pin Functions (PZ Package Only)

CONTROL BITS AND SIGNALS®
PIN NAME (P4.x) X FUNCTION LCDS35—
PADIR.x PASEL .x LCDS28
P4.0 (I/O) 1:0;0: 1 0 0
N/A 0 1 0
P4.0/S35 0
DVSS 1 1 0
S35 X X 1
P4.1 (I/O) 1:0;0:1 0 0
N/A 0 1 0
P4.1/S34 1
DVSS 1 1 0
S34 X X 1
P4.2 (I/O) 1:0;0:1 0 0
N/A 0 1 0
P4.2/S33 2
DVSS 1 1 0
S33 X X 1
P4.3 (I/O) 1:0;0:1 0 0
N/A 0 1 0
P4.3/S32 3
DVSS 1 1 0
S32 X X 1
P4.4 (I/O) 1:0;0:1 0 0
N/A 0 1 0
P4.4/S31 4
DVSS 1 1 0
S31 X X 1
P4.5 (1/O) 1:0;0:1 0 0
N/A 0 1 0
P4.5/S30 5
DVSS 1 1 0
S30 X X 1
P4.6 (I/O) 1:0;0:1 0 0
N/A 0 1 0
P4.6/S29 6
DVSS 1 1 0
S29 X X 1
P4.7 (I/O) 1:0;0:1 0 0
N/A 0 1 0
P4.7/S28 7
DVSS 1 1 0
S28 X X 1
(1) X =Don' care
104 Detailed Description WX © 2015-2018, Texas Instruments Incorporated
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F% 6-26. Port P5 (P5.0 to P5.7) Pin Functions (PZ Package Only)

CONTROL BITS AND SIGNALS®
PIN NAME (P5.x) X FUNCTION LCDS27—
P5DIR.x P5SEL.x LCDS20
P5.0 (I/0) 110;0: 1 0 0
N/A 0 1 0
P5.0/S27 0
DVSS 1 1 0
S27 X X 1
P5.1 (I/0) 1:0;0: 1 0 0
N/A 0 1 0
P5.1/S26 1
DVSS 1 1 0
S26 X X 1
P5.2 (I/0) 1:0;0: 1 0 0
N/A 0 1 0
P5.2/S25 2
DVSS 1 1 0
S25 X X 1
P5.3 (I/0) 1:0;0: 1 0 0
N/A 0 1 0
P5.3/S24 3
DVSS 1 1 0
S24 X X 1
P5.4 (I/0) 1:0;0: 1 0 0
N/A 0 1 0
P5.4/S23 4
DVSS 1 1 0
S23 X X 1
P5.5 (I/0) 1:0;0: 1 0 0
N/A 0 1 0
P5.5/S22 5
DVSS 1 1 0
S22 X X 1
P5.6 (I/0) 1:0;0: 1 0 0
N/A 0 1 0
P5.6/S21 6
DVSS 1 1 0
S21 X X 1
P5.7 (1/0) 1:0;0: 1 0 0
N/A 0 1 0
P5.7/S20 7
DVSS 1 1 0
S20 X X 1
(1) X =Don' care
MR#X © 2015-2018, Texas Instruments Incorporated Detailed Description 105
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¥k 6-27. Port P6 (P6.0 to P6.7) Pin Functions (PZ Package Only)

CONTROL BITS AND SIGNALS®™
PIN NAME (P6.x) X FUNCTION LCDS19—
P6DIR.x P6SEL .x LCDS12
P6.0 (I/O) 1:0;0: 1 0 0
N/A 0 1 0
P6.0/S19 0
DVSS 1 1 0
S19 X X 1
P6.1 (1/O) 1:0; 0: 1 0 0
N/A 0 1 0
P6.1/S18 1
DVSS 1 1 0
S18 X X 1
P6.2 (1/0) 1:0; 0: 1 0 0
N/A 0 1 0
P6.2/S17 2
DVSS 1 1 0
S17 X X 1
P6.3 (1/0) 1:0; 0: 1 0 0
N/A 0 1 0
P6.3/S16 3
DVSS 1 1 0
S16 X X 1
P6.4 (1/O) 1:0; 0: 1 0 0
N/A 0 1 0
P6.4/S15 4
DVSS 1 1 0
S15 X X 1
P6.5 (1/O) 1:0; 0: 1 0 0
N/A 0 1 0
P6.5/S14 5
DVSS 1 1 0
S14 X X 1
P6.6 (I/O) 1:0; 0: 1 0 0
N/A 0 1 0
P6.6/S13 6
DVSS 1 1 0
S13 X X 1
P6.7 (1/O) 1:0; 0: 1 0 0
N/A 0 1 0
P6.7/S12 7
DVSS 1 1 0
S12 X X 1
(1) X =Don' care
106 Detailed Description WX © 2015-2018, Texas Instruments Incorporated
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¥k 6-28. Port P7 (P7.0 to P7.7) Pin Functions (PZ Package Only)

CONTROL BITS AND SIGNALS®™
PIN NAME (P7.x) X FUNCTION LCDS11—
P7DIR.x P7SEL .x LCDS4
P7.0 (I/O) 1:0;0: 1 0 0
N/A 0 1 0
pP7.0/S11 0
DVSS 1 1 0
S11 X X 1
P7.1 (1/0) 1:0; 0: 1 0 0
N/A 0 1 0
pP7.1/S10 1
DVSS 1 1 0
S10 X X 1
P7.2 (1/0) 1:0; 0: 1 0 0
N/A 0 1 0
P7.2/S9 2
DVSS 1 1 0
S9 X X 1
P7.3 (l/0) 1:0; 0: 1 0 0
N/A 0 1 0
P7.3/S8 3
DVSS 1 1 0
S8 X X 1
P7.4 (I/0) 1:0; 0: 1 0 0
N/A 0 1 0
P7.4/S7 4
DVSS 1 1 0
S7 X X 1
P7.5 (1/0O) 1:0; 0: 1 0 0
N/A 0 1 0
P7.5/S6 5
DVSS 1 1 0
S6 X X 1
P7.6 (I/O) 1:0; 0: 1 0 0
N/A 0 1 0
P7.6/S5 6
DVSS 1 1 0
S5 X X 1
P7.7 (1/0) 1:0; 0: 1 0 0
N/A 0 1 0
P7.7/S4 7
DVSS 1 1 0
S4 X X 1
(1) X =Don' care
MR#X © 2015-2018, Texas Instruments Incorporated Detailed Description 107
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F% 6-29. Port P8 (P8.0 to P8.3) Pin Functions (PZ Package Only)

CONTROL BITS AND SIGNALS®™
PIN NAME (P8.x) x FUNCTION LCDS3-
P8DIR.x P8SEL.x e

P8.0 (/0) :0,0:1 0 0

N/A 0 1 0
P8.0/S3 0

DVSS 1 1 0

S3 X X 1

P8.1 (I/0) :0,0:1 0 0

N/A 0 1 0
P8.1/S2 1

DVSS 1 1 0

S2 X X 1

P8.2 (I/0) :0,0:1 0 0

N/A 0 1 0
P8.2/S1 2

DVSS 1 1 0

s1 X X 1

P8.3 (1/0) :0,0:1 0 0

N/A 0 1 0
P8.3/S0 3

DVSS 1 1 0

S0 X X 1

(1) X =Don' care

108 Detailed Description WX © 2015-2018, Texas Instruments Incorporated
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6.13.9 Port P8 (P8.4 to P8.7) Input/Output With Schmitt Trigger (PZ Package Only)

B 6-12 shows the port diagram. & 6-30 summarizes the selection of the pin functions.

———
| Pad Logic
PSREN.x ® T\
), |
|
I DV 0
I Ss
01
| DV, 1
P8DIR X 5> o |
Direction |
1 0: Input !
/I/ 1: Output |
L |
P8OUT.x -L 0 :
Module X OUT — 1 |
T l P8DS.x m—
PSSEL.x ® | 0: Low drive
| 1: High drive
PSIN.x <« | JF
|
|
Module X IN < D :

6-12. Port P8 (P8.4 to P8.7) Diagram (PZ Package Only)

#z 6-30. Port P8 (P8.4 to P8.7) Pin Functions (PZ Package Only)

P8.4/TA1.0
P8.5/TA1.1
P8.6/TA2.0
P8.7/TA2.1

CONTROL BITS AND SIGNALS
PIN NAME (P8.x) X FUNCTION
P8DIR.x P8SEL .x
P8.4 (1/O) 1 0; 0: 1 0
P8.4/TA1.0 4 | TAL1.CCIOA 0 1
TAL1.TAO 1 1
P8.5 (1/0) 1 0; 0: 1 0
P8.5/TAl.1 5 |TAL1L.CCI1A 0 1
TAL1.TAl 1 1
P8.6 (1/0) 1 0; 0: 1 0
P8.6/TA2.0 6 | TA2.CCIOA 0 1
TA2.TAO 1 1
P8.7 (1/O) 1 0; 0: 1 0
P8.7/TA2.1 7 | TA2.CCI1A 0 1
TA2.TA1l 1 1
MR#X © 2015-2018, Texas Instruments Incorporated Detailed Description 109
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6.13.10 Port P9 (P9.0), Input/Output With Schmitt Trigger (PZ Package Only)

B 6-13 shows the port diagram. & 6-31 summarizes the selection of the pin functions.

P9OUT.x l—l—

F————— e
Pad Logic I

PO9REN.x = \ g |
|/ |

|

DV 0 |

DV, — 1 1 |

PODIR.x . . I
Direction |

0: Input |

1: Output |

I

|

N o

Module X OUT — |
PODS.x B — il | P9.0/TACLK/RTCCLK
POSEL = 0: Low drive

1: High drive |

PI9IN.x <« j| :

|

|

|

Module X IN 4—: < D ;

6-13. Port P9 (P9.0) Diagram (PZ Package Only)

#k 6-31. Port P9 (P9.0) Pin Functions (PZ Package Only)

CONTROL BITS AND SIGNALS
PIN NAME (P9.x) X FUNCTION
PI9DIR.x P9SEL .x
P9.0 (I/O) 1 0; 0: 1 0
P9.0/TACLK/RTCCLK 0 | TACLK 0 1
RTCCLK 1 1
110 Detailed Description WX © 2015-2018, Texas Instruments Incorporated
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6.13.11 Port P9 (P9.1 to P9.3) Input/Output With Schmitt Trigger (PZ Package Only)

B 6-14 shows the port diagram. & 6-32 summarizes the selection of the pin functions.

_______________ -
I Pad Logic |
To ADC10 | f
' |
INCHx = y | |
k- 1
I
POREN.x ® l N\ :
! — |
I DV —| 0 |
| o~ |
| DV, 1 1 |
! |
PODIR.x = i N\ |
o | J ,
! |
POOUTX ® !
I
| | I P9.1/A5
| PODS.x ®— | P9.2/IA4
PO9SEL.x = @ t 0: Low drive | P9.3/A3
| 1: High drive |
POINX @ | o r |
! |
| Bus
Keeper |
! |
! |
- 4
6-14. Port P9 (P9.1 to P9.3) Diagram (PZ Package Only)
F 6-32. Port P9 (P9.1 to P9.3) Pin Functions (PZ Package Only)
CONTROL BITS AND
PIN NAME (P9.x) X FUNCTION SIGNALS®
PODIR.x P9SEL.x
P9.1 (1/0) 1:0;0:1 0
P9.1/A5 1
A5 X 1
P9.2 (1/0) 1:0;0:1 0
P9.2/A4 2
A4 X 1
P9.3 (1/0) 1:0;0:1 0
P9.3/A3 3 5
A3 X 1
(1) X =Don' care
(2) Setting P9SEL.x bit disables the output driver and the input Schmitt trigger.
MR#X © 2015-2018, Texas Instruments Incorporated Detailed Description 111
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6.13.12 Port P2 (P2.0 and P2.1) Input/Output With Schmitt Trigger (PN Package Only)

B 6-15 shows the port diagram. & 6-33 summarizes the selection of the pin functions.

|
$39, S38 | :
LCDS39, LCDS38 -—o:|j | |
|
COM6, COM7 I {>T<} |
From LCD_C | |

Pad Logic—|
| |
P2REN.x B ) : |
P2MAP.x = PMAP_ANALOG ﬂj | DVSS — 0 o :
I DvCC 1 1 I
q
P2DIRx 0 Direction | @— |
From Port Mapping 1 0: Input | I
1: Output | |
T
P20UT.x 0 | |
From Port Mapping 1 | | <o
| PIDS.X M- — | P2.0/PM_UCBOSOMI/PM_UCBOSCL/COM6/S39
P2SELx m——e | 0: Low drive | P2.1/PM_UCBOSIMO/PM_UCBOSDA/COM7/S38
I 1: High drive
P2INx < i ’ r |
EN Bus l
l Keeper I
To Port Mapping < D | |
| |

PIEXx | | —m—m———————— — —

=1
P2IRQ.x 4——<:|:.r EN
Q
P2IFG.x Set 4—)|
P2SEL.x m—] Interrupt

Edge
P2ESX m—| sejent

6-15. Port P2 (P2.0 and P2.1) Diagram (PN Package Only)

112 Detailed Description WX © 2015-2018, Texas Instruments Incorporated
BXXERBEL
P REREEE: MSP430F67641A MSP430F67621A



13 TEXAS

INSTRUMENTS

www.ti.com.cn

MSP430F67641A, MSP430F67621A

ZHCSDESA —FEBRUARY 2015-REVISED OCTOBER 2018

Fk 6-33. Port P2 (P2.0 and P2.1) Pin Functions (PN Package Only)

CONTROL BITS AND SIGNALS®
COM6,
PIN NAME (P2.X) FUNCTION P2DIR.x P2SEL.x P2MAPX LL%DDE;S;%’ Igncz\l\kfli
Signal
P2.0 (I/O) 1:0;0: 1 0 X 0 0
UCBOSOMI/UCBOSCL X 1 default 0 0
PN, UCBOSCLICOMs/ | o | Outout diiver and inpur x . - 0 0
S39° Schmitt trigger disabled
COM6 X X X X 1
S39 X X X 1 0
P2.1 (1/0O) 110,01 0 X 0 0
UCBOSIMO/UCBOSDA X 1 default 0 0
o LCEOSDAICOMT! Output driver and input X 1 =31 0 0
s38 Schmitt trigger disabled B
COM7 X X X X
S38 X X X 1
(1) X =Don' care
MR#X © 2015-2018, Texas Instruments Incorporated Detailed Description 113
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6.13.13 Port P2 (P2.2 to P2.7) Input/Output With Schmitt Trigger (PN Package Only)

B 6-16 shows the port diagram. & 6-34 summarizes the selection of the pin functions.

$37..832 : >T< |—|—|
LCDS37..LCDS32 ®m ° | |

| Pad Logic ]
P2REN.x ® } : I
P2MAP.x = PMAP_ANALOG ﬂ | ovss — o :
| DvCC 1 1 I
P2DIRX —] O ion |
Direction |
From Port Mapping — 1 0: Input
/I/ 1: Output : :
P20UTx -i—\é\ I |
I < >
From Port Mapping —{ 1 ! l/( |
T I P2DSx M- — I P2.2/PM_UCA2RXD/PM_UCA2SOMI/S37
P2SELX P | 0: LOV“l drive I P2.3/PM_UCA2TXD/PM_UCA2SIMO/S36
o ; P2.4/PM_UCA1CLK/S35
| 1: High drive | P2:5/PM_UCA2CLK/S34
P2IN.x <« i T ) I P2.6/PM_TA1.0/S33
P2.7/PM_TA1.1/S32
EN | Bus |
I Keeper
To Port Mapping <] D | :
P2IE.x L d

=i
P2IRQ.x EN
Q
P2IFG.x Set A_A|
P2SEL.x m— Interrupt

Edge
P2IES.x - Select ——

6-16. Port P2 (P2.2 to P2.7) Diagram (PN Package Only)

114 Detailed Description WX © 2015-2018, Texas Instruments Incorporated
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F% 6-34. Port P2 (P2.2 to P2.7) Pin Functions (PN Package Only)

CONTROL BITS AND SIGNALS®™
PIN NAME (P2.x) FUNCTION LCDS37-
P2DIR.x P2SEL.x P2MAPX LCDS32
P2.2 (1/0) :0,0:1 X 0
UCA2RXD/UCA2SOMI X 1 default 0
P2.2/PM_UCA2RXD/ - - -
PM_UCA2SOMI/S37 Output driver and input Schmitt X 1 - 31 0
trigger disabled
S37 X X X 1
P2.3 (1/0) 1:0;0:1 0 X 0
UCA2TXD/UCA2SIMO X 1 default 0
P2.3/PM_UCA2TXD/ - - -
PM_UCA2SIMO/S36 Output driver and input Schmitt X 1 -31 0
trigger disabled
S36 X X X 1
P2.4 (1/0) I:0;0:1 0 X 0
UCA1CLK X 1 default 0
P2.4/PM_UCA1CLK/S35 Output driver and input Schmitt X 1 - 31 0
trigger disabled B
S35 X X X 1
P2.5 (1/0) 1:0;0:1 0 X 0
UCA2CLK X 1 default 0
P2.5/PM_UCA2CLK/S34 Output driver and input Schmitt X 1 _3 0
trigger disabled -
S34 X X X 1
P2.6 (1/0) I:0;0:1 0 X 0
TA1.CCIOA 0 1 default 0
P2.6/PM_TAL.0/S33 TAL.TAO . . ' 1 1 default 0
Qutput quver and input Schmitt X 1 - 31 0
trigger disabled
S33 X X X 1
P2.7 (1/0) 1:0;0:1 0 X 0
TAL.CCI1A 1 default 0
P2.7/PM_TAL.1/S32 TALTAL ! default 0
Output driver and input Schmitt _
trigger disabled X 1 =31 0
S32 X X X 1
(1) X =Don' care
M © 2015-2018, Texas Instruments Incorporated Detailed Description 115
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6.13.14 Port P3 (P3.0 to P3.7) Input/Output With Schmitt Trigger (PN Package Only)

B 6-17 shows the port diagram. & 6-35 summarizes the selection of the pin functions.

r-——————— 77— 1
$31 to 524 | {>T<} |
LCDS311t0LCDS24 ® . i |
Pad Logic
P3REN.x B
P3MAP.x = PMAP_ANALOG ovss
o_
pvee — 1 1
P3DIRX m—

From Port Mapping —

P30UT.x l—l—

From Port Mapping —

AN

P3DS.x B —!
P3SEL.x ® 0: Low drive

1: High drive

P3IN.x ¢ ® <z
= T
Bus
Keeper
To Port Mapping D

6-17. Port P3 (P3.0 to P3.7) Diagram (PN Package Only)

|

|

|

|

|

0—C1 :

Direction I
0: Input |
1: Output I

I

|

T

| 54

|

|

!

I

|

|

|

N

P3.0/PM_TA2.0/S31
P3.1/PM_TA2.1/S30
P3.2/PM_TACLK/PM_RTCCLK/S29
P3.3/PM_TAO0.2/S28
P3.4/PM_SDCLK/S27
P3.5/PM_SDO0DIO/S26
P3.6/PM_SD1DIO/S25
P3.7/PM_SD2DI0/S24

116 Detailed Description
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F% 6-35. Port P3 (P3.0 to P3.7) Pin Functions (PN Package Only)

CONTROL BITS AND SIGNALS®
PIN NAME (P3.x) FUNCTION S5 el N Il__%DDSS:?Z
P3.0 (1/0) :0;0: 1 X 0
TA2.CCIOA 0 default 0
P3.0/PM_TA2.0/S31 TA2.TAO 1 1 default 0
?ri;té):rt;!\éebll'e%nd input Schmitt X 1 - 31 0
S31 X X X 1
P3.1 (I/0) I:0;0:1 0 X 0
TA2.CCI1A 0 1 default 0
P3.1/PM_TA2.1/S30 TA2.TA1 1 1 default 0
Sil;]tgp;rtéii!\;le;lre%nd input Schmitt X 1 -31 0
S30 X X X 1
P3.2 (1/0) 110;0: 1 0 X 0
TACLK 0 1 default 0
P3.2/PM_TACLK/ RTCCLK 1 default 0
PM_RTCCLK/S29 Output driver and input Schmitt _
trigger disabled X 1 =3l 0
S29 X X X 1
P3.3 (I/0) 1:0;0:1 0 X 0
TAO.CCI2A 0 1 default 0
P3.3/PM_TA0.2/S28 TAO.TA2 1 1 default 0
Sil;]tgp;rtéii!\;le;lre%nd input Schmitt X 1 -31 0
S28 X X X 1
P3.4 (1/0) 110;0: 1 0 X 0
SDCLK X 1 default 0
P3.4/PM_SDCLK/S27 Output driver and input Schmitt _
trigger disabled X 1 =3l 0
S27 X X X 1
P3.5 (1/0) 1:0;0:1 0 X 0
SDODIO X 1 default 0
P3.5/PM_SDODIO/S26 Output driver and input Schmitt _
trigger disabled X 1 =31 0
S26 X X X 1
P3.6 (1/0) I:0;0: 1 0 X 0
SD1DIO X 1 default 0
P3.6/PM_SD1DIO/S25 Output driver and input Schmitt _
trigger disabled X 1 =3l 0
S25 X X X 1
P3.7 (1/0) 1:0;0:1 0 X 0
SD2DIO X 1 default 0
P3.7/PM_SD2DIO/S24 Output driver and input Schmitt _
trigger disabled X 1 =31 0
S24 X X X 1
(1) X =Don' care
MR#X © 2015-2018, Texas Instruments Incorporated Detailed Description 117
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6.13.15 Port P4 (P4.0 to P4.7), Port P5 (P5.0 to P5.7), Port P6 (P6.0 to P6.7) Input/Output
With Schmitt Trigger (PN Package Only)

6-18 shows the port diagram. ¥k 6-36 through & 6-38 summarize the selection of the pin functions.

_______________ 1
| |
Sz ! I
| |
LCDSz = | |
P —————1
[ Pad Logic |
PyREN } I I
y X B T I
— |
| DVSS 0 :
: pvce —| 1 1 |
PYDIRx -—t} - ™ ) |
Direction | / |
1 0: Input |
/]/ 1: Output | |
I
N ! |
PyOUT.x 0 |
pvss —| 1 : |
T I PyDSx m—1 | Pyx/sz
PySELX = | 0: Low drive |
| 1: High drive |
PyINx < I ’ s :
I Bus |
| Keeper |
Not Used < D | |
| |
- - _ a

6-18. Port P4 (P4.0 to P4.7), Port P5 (P5.0 to P5.7), Port P6 (P6.0 to P6.7) Diagram (PN Package Only)

118 Detailed Description
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F% 6-36. Port P4 (P4.0 to P4.7) Pin Functions (PN Package Only)

CONTROL BITS AND SIGNALS®
PIN NAME (P4.x) X FUNCTION LCDS23-
P4ADIR.x PASEL .x LCDS16
P4.0 (1/O) 1:0;0: 1 0 0
N/A 0 1 0
P4.0/S23 0
DVSS 1 1 0
S23 X X 1
P4.1 (1/O) 1:0; 0: 1 0 0
N/A 0 1 0
P4.1/S22 1
DVSS 1 1 0
S22 X X 1
P4.2 (1/O) 1:0; 0: 1 0 0
N/A 0 1 0
P4.2/S21 2
DVSS 1 1 0
S21 X X 1
P4.3 (1/0) 1:0; 0: 1 0 0
N/A 0 1 0
P4.3/S20 3
DVSS 1 1 0
S20 X X 1
P4.4 (I/O) 1:0; 0: 1 0 0
N/A 0 1 0
P4.4/S19 4
DVSS 1 1 0
S19 X X 1
P4.5 (1/O) 1:0; 0: 1 0 0
N/A 0 1 0
P4.5/S18 5
DVSS 1 1 0
S18 X X 1
P4.6 (1/O) 1:0; 0: 1 0 0
N/A 0 1 0
P4.6/S17 6
DVSS 1 1 0
S17 X X 1
P4.7 (1/O) 1:0; 0: 1 0 0
N/A 0 1 0
P4.7/S16 7
DVSS 1 1 0
S16 X X 1
(1) X =Don' care
MR#X © 2015-2018, Texas Instruments Incorporated Detailed Description 119
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F% 6-37. Port P5 (P5.0 to P5.7) Pin Functions (PN Package Only)

CONTROL BITS AND SIGNALS®
PIN NAME (P5.x) X FUNCTION LCDS15-
P5DIR.x P5SEL .x LCDS8
P5.0 (1/O) 1:0;0: 1 0 0
N/A 0 1 0
P5.0/S15 0
DVSS 1 1 0
S15 X X 1
P5.1 (I/0) 1:0; 0: 1 0 0
N/A 0 1 0
P5.1/S14 1
DVSS 1 1 0
S14 X X 1
P5.2 (1/0) 1:0; 0: 1 0 0
N/A 0 1 0
P5.2/S13 2
DVSS 1 1 0
S13 X X 1
P5.3 (1/0) 1:0; 0: 1 0 0
N/A 0 1 0
P5.3/S12 3
DVSS 1 1 0
S12 X X 1
P5.4 (1/0O) 1:0; 0: 1 0 0
N/A 0 1 0
P5.4/S11 4
DVSS 1 1 0
S11 X X 1
P5.5 (1/O) 1:0; 0: 1 0 0
N/A 0 1 0
P5.5/S10 5
DVSS 1 1 0
S10 X X 1
P5.6 (1/0) 1:0; 0: 1 0 0
N/A 0 1 0
P5.6/S9 6
DVSS 1 1 0
S9 X X 1
P5.7 (1/0) 1:0; 0: 1 0 0
N/A 0 1 0
P5.7/S8 7
DVSS 1 1 0
S8 X X 1
(1) X =Don' care
120 Detailed Description WX © 2015-2018, Texas Instruments Incorporated
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F% 6-38. Port P6 (P6.0 to P6.7) Pin Functions (PN Package Only)

CONTROL BITS AND SIGNALS™
PIN NAME (P6.x) X FUNCTION LCDS7-
P6DIR.x P6SEL .x LCDSO
P6.0 (I/0) 1:0;0: 1 o 0
N/A 0 1 0
P6.0/S7 0
DVSS 1 1 0
S7 X X 1
P6.1 (1/0) 1:0;0: 1 o 0
N/A 0 1 0
P6.1/S6 1
DVSS 1 1 0
S6 X X 1
P6.2 (I/0) 1:0;0: 1 o 0
N/A 0 1 0
P6.2/S5 2
DVSS 1 1 0
S5 X X 1
P6.3 (I/0) 1:0;0: 1 o 0
N/A 0 1 0
P6.3/S4 3
DVSS 1 1 0
S4 X X 1
P6.4 (I/0) 1:0;0: 1 o 0
N/A 0 1 0
P6.4/S3 4
DVSS 1 1 0
S3 X X 1
P6.5 (I/0) 1:0;0: 1 o 0
N/A 0 1 0
P6.5/S2 5
DVSS 1 1 0
S2 X X 1
P6.6 (1/0) 1:0;0: 1 o 0
N/A 0 1 0
P6.6/S1 6
DVSS 1 1 0
S1 X X 1
P6.7 (1/0) 1:0;0: 1 o 0
N/A 0 1 0
P6.7/S0 7
DVSS 1 1 0
SO X X 1
(1) X =Don' care
MR#X © 2015-2018, Texas Instruments Incorporated Detailed Description 121
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6.13.16 Port PJ (PJ.0) JTAG Pin TDO, Input/Output With Schmitt Trigger or Output

B 6-19 shows the port diagram. & 6-39 summarizes the selection of the pin functions.

PJREN.x

PJDIR.x

DvCC

PJOUT.x

From JTAG
SMCLK

PJSEL.x
From JTAG

PJIN.x

™

—_—_———— e — -
Pad Logic |
[ _\ :
I
DV, —{ 0 o :

DV, —| 1 1
= I
| |
I
I
I
I

l—l—OO

R

{ I
PJDSO = — | PJ.0/SMCLK/TDO

0: Low drive I

1: High drive |

|

= ® |

‘ <

Bus I

Holder |

) |

- .

6-19. Port PJ (PJ.0) Diagram

122 Detailed Description
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6.13.17 Port PJ (PJ.1to PJ.3) JTAG Pins TMS, TCK, TDI/TCLK, Input/Output With Schmitt
Trigger or Output

6-20 shows the port diagram. ¥k 6-39 summarizes the selection of the pin functions.

Pad Logic
PJREN.X ® \
DV o
DV, 1
PJDIR.x =—
DVSS—

>

AN

PJOUT.x I—L

From JTAG 01
MCLK/ADC10CLK/ACLK 10

<o

PJ.1/MCLK/TDI/TCLK

]
PJDSx = PJ.2/ADC10CLK/TMS

—

11 o hﬁ’g‘]’{]‘iﬂlvv‘z PJ.3/ACLKITCK
PJSEL.x
From JTAG = i L ]
PJINX ? J}—
Bus
Holder
To JTAG < D
_______________ ]
6-20. Port PJ (PJ.1 to PJ.3) Diagram
& 6-39. Port PJ (PJ.0 to PJ.3) Pin Functions

CONTROL BITS AND SIGNALS®
PIN NAME (PJ.x) X FUNCTION JTAG
PJDIR.X PJSEL.x Mode
Signal

PJ.0 (110)@ 1:0;0: 1 0 0

PJ.0/SMCLK/TDO 0 |SMCLK 1 1 0

TDO® X X 1

PJ.1 (110)@ 1:0;0: 1 0 0

PJ.1/MCLK/TDI/TCLK 1 |MCLK 1 1 0

TDI/TCLK ®®) X X 1

PJ.2 (110)@ 1:0;0: 1 0 0

PJ.2/ADC10CLK/TMS 2 | ADCI10CLK 1 1 0

T™MS @@ X X 1

PJ.3 (110)@ 1:0;0: 1 0 0

PJ.3/ACLK/TCK 3 |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) InJTAG mode, pullups are activated automatically on TMS, TCK, and TDI/TCLK. PJREN.x are don't care.

M © 2015-2018, Texas Instruments Incorporated Detailed Description 123
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6.14 Device Descriptors (TLV)

#z 6-40 lists the contents of the device descriptor tag-length-value (TLV) structure for each device.

& 6-40. Device Descriptors

SIZE VALUE
DESCRIPTION ADDRESS
(bytes) F67641A F67621A
Info length 01A00h 1 06h 06h
CRC length 01A01h 1 06h 06h
CRC value 01A02h 2 Per unit Per unit
Info Block Device ID 01A04h 1 88h 87h
Device ID 01A05h 1 82h 82h
Hardware revision 01A06h 1 Per unit Per unit
Firmware revision 01A07h 1 Per unit Per unit
Die record tag 01A08h 1 08h 08h
Die record length 01A09h 1 0Ah 0Ah
bie Record L.otlwafer. I-D 01A0Ah 4 Per unit Per un?t
Die X position 01A0Eh 2 Per unit Per unit
Die Y position 01A10h 2 Per unit Per unit
Test results 01A12h 2 Per unit Per unit
ADC10 calibration tag 01Al4h 1 13h 13h
ADC10 calibration length 01A15h 1 10h 10h
ADC gain factor 01A16h 2 Per unit Per unit
ADC offset 01A18h 2 Per unit Per unit
Teﬁ?)gr;t.l?r-(\e/srg;esrgpgg% 01A1Ah 2 Per unit Per unit
ADC10 Calibration Teﬁq?)gr;tﬁr;/srgaesrgrnggc 01A1Ch 2 Per unit Per unit
Teﬁ?)greft.l?r-(\e/srgaesrgrngg% 01A1Eh 2 Per unit Per unit
Teﬁq?)grgt.l?r-gsrgaesrgrnggc 01A20h 2 Per unit Per unit
Teﬁ?)greft.l?r-(\e/srg;esrgpggm 01A22h 2 Per unit Per unit
Teﬁq?)grgtﬁr-gsrgaesrgrnggc 01A24h 2 Per unit Per unit
124 Detailed Description WX © 2015-2018, Texas Instruments Incorporated
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6.15 Memory

#z 6-41 summarizes the memory map for all device variants.

# 6-41. Memory Organization

Peripherals

000FFFh to Oh

MSP430F67641A MSP430F67621A
Main Memory (flash) Total Size 128KB 64KB
Main: Interrupt vector 00FFFFh to 00FF80h O0OFFFFh to 00FF80h
. 32KB .
Main: code memory Bank 3 023EFFh to 01C000h Not available
32KB .
Bank 2 01BFEFh to 014000h Not available
Bank 1 32KB 32KB
013FFFh to 00C000h 013FFFh to 00C000h
Bank O 32KB 32KB
00BFFFh to 004000h 00BFFFh to 004000h
RAM Total Size 8KB 4KB
2KB .
Sector 3 003BEEh to 003400h Not available
2KB .
Sector 2 0033FFh to 002C00h Not available
2KB 2KB
Sector 1 002BFFh to 002400h 002BFFh to 002400h
Sector 0 2KB 2KB
0023FFh to 001C00h 0023FFh to 001C00h
Info A 128 B 128 B
0019FFh to 001980h 0019FFh to 001980h
Info B 128 B 128 B
(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 3 512 B 512 B
0017FFh to 001600h 0017FFh to 001600h
BSL 2 512 B 512 B
memory (flash) BSL 1 512 B 512 8B
0013FFh to 001200h 0013FFh to 001200h
BSL 0 512 B 512 B
0011FFh to 001000h 0011FFh to 001000h
4KB 4KB

000FFFh to Oh
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6.15.1 Peripheral File Map

Fk 6-42 lists the base address and offset range for each available module. & 6-43 through & 6-80 list all
of the available registers and their offsets for each module.

% 6-42. Peripheral Addresses

MODULE NAME BASE ADDRESS OFFSERLQgERESS

Special Functions (see ik 6-43) 0100h 000h to 01Fh
PMM (see % 6-44) 0120h 000h to 01Fh
Flash Control (see 3 6-45) 0140h 000h to O0Fh
CRC16 (see % 6-46) 0150h 000h to 007h
RAM Control (see ¥k 6-47) 0158h 000h to 001h
Watchdog (see ¥k 6-48) 015Ch 000h to 001h
UCS (see 3k 6-49) 0160h 000h to 01Fh
SYS (see & 6-50) 0180h 000h to 01Fh
Shared Reference (see % 6-51) 01BOh 000h to 001h
Port Mapping Control (see % 6-52) 01COh 000h to 007h
Port Mapping Port P1 (see 3 6-53) 01C8h 000h to 007h
Port Mapping Port P2 (see 3k 6-54) 01D0h 000h to 007h
Port Mapping Port P3 (see %k 6-55) 01D8h 000h to 007h
Port P1, P2 (see % 6-56) 0200h 000h to 01Fh
Port P3, P4 (see % 6-57) 0220h 000h to 00Bh
Port P5, P6 (see 3 6-58) 0240h 000h to 00Bh
e
(notz(\)/gilzglt(esi?\ePiN Sa?:cll)age) 0280h 000h to 00Bh
Port PJ (see % 6-61) 0320h 000h to 01Fh
Timer TAO (see 3k 6-62) 0340h 000h to 03Fh
Timer TAL (see 3k 6-63) 0380h 000h to 03Fh
Timer TA2 (see 3k 6-64) 0400h 000h to 03Fh
Timer TA3 (see 3k 6-65) 0440h 000h to 03Fh
Backup Memory (see ¥ 6-66) 0480h 000h to O0Fh
RTC_C (see i 6-67) 04A0h 000h to 01Fh
32-Bit Hardware Multiplier (see % 6-68) 04COh 000h to 02Fh
DMA General Control (see 3k 6-69) 0500h 000h to O0Fh
DMA Channel 0 (see & 6-70) 0500h 010h to 01Fh
DMA Channel 1 (see & 6-71) 0500h 020h to 02Fh
DMA Channel 2 (see & 6-72) 0500h 030h to 03Fh
eUSCI_AOQ (see 3 6-73) 05C0Oh 000h to 01Fh
eUSCI_AL (see 3k 6-74) 05EOh 000h to 01Fh
eUSCI_A2 (see 3 6-75) 0600h 000h to 01Fh
eUSCI_BO (see 3 6-76) 0640h 000h to 02Fh
ADC10_A (see % 6-77) 0740h 000h to 01Fh
SD24_B(see ik 6-78) 0800h 000h to 06Fh
Auxiliary Supply (see & 6-72) 09EOh 000h to 01Fh
LCD_C (see ¥ 6-80) 0AOO0h 000h to 05Fh
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Fk 6-43. 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

5k 6-44. 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 0 PM5CTLO 10h

£k 6-45. 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

#k 6-46. CRC16 Registers (Base Address: 0150h)

REGISTER DESCRIPTION REGISTER OFFSET
CRC data input CRC16DI 00h
CRC data input reverse byte CRC16DIRB 02h
CRC result CRCINIRES 04h
CRC result reverse byte CRCRESR 06h

Fk 6-47. RAM Control Registers (Base Address: 0158h)

REGISTER DESCRIPTION REGISTER OFFSET

RAM control 0 RCCTLO 00h
#k 6-48. Watchdog Registers (Base Address: 015Ch)

REGISTER DESCRIPTION REGISTER OFFSET

Watchdog timer control WDTCTL 00h

MR#X © 2015-2018, Texas Instruments Incorporated
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F% 6-49. 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 UCSCTLY OEh
UCS control 8 UCSCTLS8 10h

Fz 6-50. SYS Registers (Base Address: 0180h)

REGISTER DESCRIPTION REGISTER OFFSET
System control SYSCTL 00h
Bootloader configuration area SYSBSLC 02h
JTAG mailbox control SYSJMBC 06h
JTAG mailbox input O SYSJIMBIO 08h
JTAG mailbox input 1 SYSJMBI1 0Ah
JTAG mailbox output 0 SYSJIMBOO 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

%k 6-51. Shared Reference Registers (Base Address: 01B0h)

REGISTER DESCRIPTION REGISTER OFFSET

Shared reference control REFCTL 00h
Fk 6-52. Port Mapping Controller (Base Address: 01C0h)

REGISTER DESCRIPTION REGISTER OFFSET
Port mapping password PMAPPWD 00h
Port mapping control PMAPCTL 02h

£ 6-53. Port Mapping for Port P1 (Base Address: 01C8h)

REGISTER DESCRIPTION REGISTER OFFSET
Port P1.0 mapping P1MAPO 00h
Port P1.1 mapping P1IMAP1 01h
Port P1.2 mapping P1IMAP2 02h
Port P1.3 mapping P1MAP3 03h
Port P1.4 mapping P1MAP4 04h
Port P1.5 mapping P1MAPS 05h
Port P1.6 mapping P1MAPG6 06h
Port P1.7 mapping P1MAP7 07h
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Fz 6-54. Port Mapping for Port P2 (Base Address: 01DO0h)

REGISTER DESCRIPTION REGISTER OFFSET
Port P2.0 mapping P2MAPO 00h
Port P2.1 mapping P2MAP2 01h
Port P2.2 mapping P2MAP2 02h
Port P2.3 mapping P2MAP3 03h
Port P2.4 mapping P2MAP4 04h
Port P2.5 mapping P2MAP5 05h
Port P2.6 mapping P2MAP6 06h
Port P2.7 mapping P2MAP7 07h
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Fk 6-55. Port Mapping for Port P3 (Base Address: 01D8h)

REGISTER DESCRIPTION REGISTER OFFSET
Port P3.0 mapping P3MAPO 00h
Port P3.1 mapping P3MAP3 01h
Port P3.2 mapping P3MAP2 02h
Port P3.3 mapping P3MAP3 03h
Port P3.4 mapping P3MAP4 04h
Port P3.5 mapping P3MAP5 05h
Port P3.6 mapping P3MAP6 06h
Port P3.7 mapping P3MAP7 07h
£ 6-56. 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 resistor enable P1REN 06h
Port P1 drive strength P1DS 08h
Port P1 selection P1SEL 0Ah
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 resistor enable P2REN 07h
Port P2 drive strength P2DS 09h
Port P2 selection P2SEL 0Bh
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
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3k 6-57. 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 resistor enable P3REN 06h
Port P3 drive strength P3DS 08h
Port P3 selection P3SEL 0Ah
Port P4 input P4IN 01h
Port P4 output P4OUT 03h
Port P4 direction P4DIR 05h
Port P4 resistor enable PAREN 07h
Port P4 drive strength P4DS 0%h
Port P4 selection PASEL 0Bh

# 6-58. 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 resistor enable P5REN 06h
Port P5 drive strength P5DS 08h
Port P5 selection P5SEL 0Ah
Port P6 input P6IN 01h
Port P6 output P6OUT 03h
Port P6 direction P6DIR 05h
Port P6 resistor enable P6REN 07h
Port P6 drive strength P6DS 09h
Port P6 selection P6SEL 0Bh

%k 6-59. 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 resistor enable P7REN 06h
Port P7 drive strength P7DS 08h
Port P7 selection P7SEL 0Ah
Port P8 input P8IN 01lh
Port P8 output P8OUT 03h
Port P8 direction P8DIR 05h
Port P8 resistor enable P8REN 07h
Port P8 drive strength P8DS 09h
Port P8 selection P8SEL 0Bh

MR#X © 2015-2018, Texas Instruments Incorporated

BXXHERBEEL
FemETEEEE: MSP430F67641A MSP430F67621A

Detailed Description

131



MSP430F67641A, MSP430F67621A
ZHCSDESA —FEBRUARY 2015—REVISED OCTOBER 2018

I

TEXAS
INSTRUMENTS

www.ti.com.cn

Fk 6-60. Port P9 Registers (Base Address: 0280h)

REGISTER DESCRIPTION REGISTER OFFSET
Port P9 input P9IN 00h
Port P9 output POOUT 02h
Port P9 direction PIODIR 04h
Port P9 resistor enable PO9REN 06h
Port P9 drive strength PIODS 08h
Port P9 selection PO9SEL 0Ah

5k 6-61. 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 resistor enable PJREN 06h
Port PJ drive strength PJDS 08h
Port PJ selection PJSEL 0Ah

#k 6-62. 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 TAOR 10h
Capture/compare 0 TAOCCRO 12h
Capture/compare 1 TAOCCR1 14h
Capture/compare 2 TAOCCR2 16h
TAO expansion 0 TAOEXO 20h
TAO interrupt vector TAOIV 2Eh

Fk 6-63. TAL1 Registers (Base Address: 0380h)

REGISTER DESCRIPTION REGISTER OFFSET
TA1 control TAL1CTL 00h
Capture/compare control 0 TA1CCTLO 02h
Capture/compare control 1 TA1CCTL1 04h
TA1 counter TALIR 10h
Capture/compare 0 TA1CCRO 12h
Capture/compare 1 TA1CCR1 14h
TA1 expansion 0 TAL1EXO 20h
TA1 interrupt vector TA1IV 2Eh
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Fk 6-64. 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 TA2R 10h
Capture/compare 0 TA2CCRO 12h
Capture/compare 1 TA2CCR1 14h
TA2 expansion 0 TA2EXO 20h
TAZ2 interrupt vector TA2IV 2Eh

Fk 6-65. 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 TA3R 10h
Capture/compare 0 TA3CCRO 12h
Capture/compare 1 TA3CCR1 14h
TA3 expansion 0 TA3EXO 20h
TAS interrupt vector TA3IV 2Eh

Fk 6-66. 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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Fk 6-67. RTC_C Registers (Base Address: 04A0h)

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

134 Detailed Description

BRXXERIBEL

WX © 2015-2018, Texas Instruments Incorporated

7= ETT4EE: MSP430F67641A MSP430F67621A



13 TEXAS
INSTRUMENTS

www.ti.com.cn

MSP430F67641A, MSP430F67621A
ZHCSDESA —FEBRUARY 2015—REVISED OCTOBER 2018

Fk 6-68. 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

Fk 6-69. 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

£k 6-70. 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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Fz 6-71. 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

Fk 6-72. 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

#k 6-73. eUSCI_AO Registers (Base Address: 05C0h)

REGISTER DESCRIPTION REGISTER OFFSET
eUSCI_A control word 0 UCAOCTLWO 00h
eUSCI _A control word 1 UCAOCTLW1 02h
eUSCI_A baud rate 0 UCAOBRO 06h
eUSCI_A baud rate 1 UCAOBR1 07h
eUSCI_A modulation control UCAOMCTLW 08h
eUSCI_A status UCAOSTAT 0Ah
eUSCI_A receive buffer UCAORXBUF 0Ch
eUSCI_A transmit buffer UCAOTXBUF OEh
eUSCI_A LIN control UCAOABCTL 10h
eUSCI_A IrDA transmit control UCAOIRTCTL 12h
eUSCI_A IrDA receive control UCAOIRRCTL 13h
eUSCI_A interrupt enable UCAOIE 1Ah
eUSCI_A interrupt flags UCAOIFG 1Ch
eUSCI_A interrupt vector word UCAOIV 1Eh
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Fk 6-74. eUSCI_A1 Registers (Base Address:05E0h)

REGISTER DESCRIPTION REGISTER OFFSET
eUSCI_A control word 0 UCAL1CTLWO 00h
eUSCI _A control word 1 UCAL1CTLW1 02h
eUSCI_A baud rate 0 UCA1BRO 06h
eUSCI_A baud rate 1 UCA1BR1 07h
eUSCI_A modulation control UCALIMCTLW 08h
eUSCI_A status UCALSTAT 0Ah
eUSCI_A receive buffer UCA1RXBUF 0Ch
eUSCI_A transmit buffer UCAL1TXBUF OEh
eUSCI_A LIN control UCA1ABCTL 10h
eUSCI_A IrDA transmit control UCALIRTCTL 12h
eUSCI_A IrDA receive control UCALIRRCTL 13h
eUSCI_A interrupt enable UCALIE 1Ah
eUSCI_A interrupt flags UCALIFG 1Ch
eUSCI_A interrupt vector word UCALIV 1Eh

F 6-75. eUSCI_A2 Registers (Base Address:0600h)

REGISTER DESCRIPTION REGISTER OFFSET
eUSCI_A control word 0 UCA2CTLWO 00h
eUSCI _A control word 1 UCA2CTLW1 02h
eUSCI_A baud rate 0 UCA2BRO 06h
eUSCI_A baud rate 1 UCA2BR1 07h
eUSCI_A modulation control UCA2MCTLW 08h
eUSCI_A status UCA2STAT 0Ah
eUSCI_A receive buffer UCA2RXBUF 0Ch
eUSCI_A transmit buffer UCA2TXBUF OEh
eUSCI_A LIN control UCA2ABCTL 10h
eUSCI_A IrDA transmit control UCA2IRTCTL 12h
eUSCI_A IrDA receive control UCAZ2IRRCTL 13h
eUSCI_A interrupt enable UCAZ2IE 1Ah
eUSCI_A interrupt flags UCA2IFG 1Ch
eUSCI_A interrupt vector word UCA2IV 1Eh
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F% 6-76. eUSCI_BO Registers (Base Address: 0640h)

REGISTER DESCRIPTION REGISTER OFFSET
eUSCI_B control word 0 UCBOCTLWO 00h
eUSCI_B control word 1 UCBOCTLW1 02h
eUSCI_B hit rate 0 UCBOBRO 06h
eUSCI_B hit rate 1 UCBOBR1 07h
eUSCI_B status word UCBOSTATW 08h
eUSCI_B byte counter threshold UCBOTBCNT 0Ah
eUSCI_B receive buffer UCBORXBUF 0Ch
eUSCI_B transmit buffer UCBOTXBUF OEh
eUSCI_B 12C own address 0 UCBO0I2COAO 14h
eUSCI_B 12C own address 1 UCBOI2COA1 16h
eUSCI_B 12C own address 2 UCBOI2COA2 18h
eUSCI_B 12C own address 3 UCBOI2COA3 1Ah
eUSCI_B received address UCBOADDRX 1Ch
eUSCI_B address mask UCBOADDMASK 1Eh
eUSCI I12C slave address UCBO0I2CSA 20h
eUSCI interrupt enable UCBOIE 2Ah
eUSCI interrupt flags UCBOIFG 2Ch
eUSCI interrupt vector word UCBOIV 2Eh

Fk 6-77. ADC10_A Registers (Base Address: 0740h)

REGISTER DESCRIPTION REGISTER OFFSET
ADC10_A control 0 ADC10CTLO 00h
ADC10_A control 1 ADC10CTL1 02h
ADC10_A control 2 ADC10CTL2 04h
ADC10_A window comparator low threshold ADC10LO 06h
ADC10_A window comparator high threshold ADC10HI 08h
ADC10_A memory control 0 ADC10MCTLO 0Ah
ADC10_A conversion memory ADC10MCTLO 12h
ADC10_A interrupt enable ADCI10IE 1Ah
ADC10_A interrupt flags ADC10IGH 1Ch
ADC10_A interrupt vector word ADC10IV 1Eh
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#z 6-78. SD24_B Registers (Base Address: 0800h)

REGISTER DESCRIPTION REGISTER OFFSET
SD24_B control 0 SD24BCTLO 00h
SD24_B control 1 SD24BCTL1 02h
SD24_B trigger control SD24BTRGCTL 04h
SD24_B trigger OSR control SD24BTRGOSR 06h
SD24_B trigger preload SD24BTRGPRE 08h
SD24 B interrupt flag SD24BIFG 0Ah
SD24 B interrupt enable SD24BIE 0Ch
SD24_B interrupt vector SD24BIV OEh
SD24_B converter 0 control SD24BCCTLO 10h
SD24 B converter 0 input control SD24BINCTLO 12h
SD24_B converter 0 OSR control SD24BOSR0 14h
SD24 B converter O preload SD24BPREO 16h
SD24_B converter 1 control SD24BCCTL1 18h
SD24 B converter 1 input control SD24BINCTL1 1Ah
SD24_B converter 1 OSR control SD24BOSR1 1Ch
SD24 B converter 1 preload SD24BPRE1 1Eh
SD24_B converter 2 control SD24BCCTL2 20h
SD24_B converter 2 input control SD24BINCTL2 22h
SD24_B converter 2 OSR control SD24BOSR2 24h
SD24 B converter 2 preload SD24BPRE2 26h
SD24_B converter 0 conversion memory low word SD24BMEMLO 50h
SD24_B converter 0 conversion memory high word SD24BMEMHO 52h
SD24_B converter 1 conversion memory low word SD24BMEML1 54h
SD24_B converter 1 conversion memory high word SD24BMEMH1 56h
SD24_B converter 2 conversion memory low word SD24BMEML2 58h
SD24_B converter 2 conversion memory high word SD24BMEMH2 5Ah
5k 6-79. Auxiliary Supplies Registers (Base Address: 09EOh)
REGISTER DESCRIPTION REGISTER OFFSET
Auxiliary supply control O AUXCTLO 00h
Auxiliary supply control 1 AUXCTL1 02h
Auxiliary supply control 2 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

MR#X © 2015-2018, Texas Instruments Incorporated
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Fz 6-80. LCD_C Registers (Base Address: 0A00Oh)

REGISTER DESCRIPTION REGISTER OFFSET

LCD_C control 0 LCDCCTLO 000h
LCD_C control 1 LCDCCTL1 002h
LCD_C blinking control LCDCBLKCTL 004h
LCD_C memory control LCDCMEMCTL 006h
LCD_C voltage control 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 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

140 Detailed Description
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6.16 Identification

6.16.1 Revision ldentification

The device revision information is shown as part of the top-side marking on the device package. The
device-specific errata sheet describes these markings. For links to all of the errata sheets for the devices
in this data sheet, see 7 8.4.

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 7 6.14.
6.16.2 Device Identification

The device type can be identified from the top-side marking on the device package. The device-specific
errata sheet describes these markings. For links to all of the errata sheets for the devices in this data
sheet, see T 8.4.

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 7 6.14.
6.16.3 JTAG Identification

Programming through the JTAG interface, including reading and identifying the JTAG ID, is described in
detail in MSP430 Programming With the JTAG Interface.

M © 2015-2018, Texas Instruments Incorporated Detailed Description 141
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7 Applications, Implementation, and Layout

p= 3

/

Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

The following resources provide application guidelines and best practices when designing with the
MSP430F67641A and MSP430F67621A devices.

Implementation of a Low-Cost Three-Phase Watt-Hour Meter Using the MSP430F67641(A)
(SLAAG21)

This application report describes the implementation of a low-cost three-phase electronic electricity meter
using the Texas Instruments MSP430F67641(A) metering processor. This application report includes the
necessary information with regard to metrology software and hardware procedures for this single-chip
implementation.

Class 0.5 Three-Phase Smart Meter Reference Design (TIDM-THREEPHASEMETER-F67641)

This design implements a complete smart meter design using the MSP430F67641(A) polyphase metering
System on Chip. The design meets all requirements for ANSI/IEC Class 0.5 accuracy and the firmware
provided calculates all energy measurement parameters. The F67641(A) SoC features 128KB of on-chip
flash plus a 320-segment LCD controller for a single-chip solution to low-cost polyphase meter design
challenges.

Features

» Low-cost three-phase electricity meter for Class 0.5 accuracy

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

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

e Built-in 160-segment display
« Powered from three-phase line voltage

142
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8 AR SR

8.1 AITHJEZPE
EERGA BT I R TAER MSPA30™ R 41, THMERMEZMHRER, Wik Al .

8.2 Device Nomenclature
To designate the stages in the product development cycle, Tl assigns prefixes to the part numbers of all
MSP MCU devices. Each MSP MCU commercial family member has one of two prefixes: MSP or XMS.
These prefixes represent evolutionary stages of product development from engineering prototypes (XMS)
through fully qualified production devices (MSP).
XMS - Experimental device that is not necessarily representative of the final device's electrical
specifications
MSP — Fully qualified production device
XMS devices are shipped against the following disclaimer:
"Developmental product is intended for internal evaluation purposes.”
MSP devices 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) have a greater failure rate than the standard production
devices. Tl 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
temperature range, package type, and distribution format. & 8-1 provides a legend for reading the
complete device name.
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MSP 430 F 5 438 A

Processor Family

MCU Platform

Device Type

1 ZQW T -EP

Optional: Additional Features

Optiol

nal: Tape and Reel

Packaging
Series Optional: Temperature Range
Feature Set Optional: A = Revision

Processor Family

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

MCU Platform

430 = MSP430 low-power microcontroller platform

Device Type Memory Type Specialized Application

C =ROM AFE = Analog Front End

F = Flash BQ = Contactless Power

FR = FRAM CG = ROM Medical

G = Flash or FRAM (Value Line) FE = Flash Energy Meter

L = No Nonvolatile Memory FG = Flash Medical

FW = Flash Electronic Flow Meter

Series 1=Upto 8 MHz 5=Up to 25 MHz

2 =Upto 16 MHz 6 = Up to 25 MHz with LCD

3 = Legacy 0 = Low-Voltage Series

4 = Up to 16 MHz with LCD

Feature Set

Various levels of integration within a ser

ies

Optional: A = Revision

N/A

Optional: Temperature Range| S =0°C to 50°C

C=0°Cto70°C
| =—-40°C to 85°C
T=-40°C to 105°C

Packaging

http://www.ti.com/packaging

Optional: Tape and Reel

T = Small reel
R = Large reel
No markings = Tube or tray

Optional: Additional Features| -EP = Enhanced Product (—-40°C to 105
-HT = Extreme Temperature Parts (-55°C to 150°C)

-Q1 = Automotive Q100 Qualified

°C)

8-1. Device Nomenclature
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# 8-1 FIHH T MSP430F676x1A MCU R4 . 2T FHAFHEREGIE S, WE2 W (& T MSP430
/) Code Composer Studio /158 ) -

*® 8-1. WK Rtk

MSP430 %4244 I?Tgiﬁj ?ﬁfi@] H?ﬁ"\l))i T L b I sh gz ] :{k‘jggzguﬁﬁ‘: PR oE o LPMX%ﬁﬁQi
MSP430Xv2 # # 3 H 2 = = =
BB S PP R

EVM430-F6779 - I T ER=METHEE % EVM430-F6779 & — 3T MSP4A30F6779 #ei4 i) =AHH
gﬂ?mﬁﬁh ZHL R SCRE =P R A =R R BN T H B A T B B e R B i

i MSP430F67641 SoC HIZAHHER 1 EVM KXH MSP430F67641 it F b RS il 52 B2 e
R BT 2 ANSIIEC 0.5 2SI AT A 2K, F67641 SoC HA 128KB H LA
LU S —A~ 320 Bt LCD #1128, $RAL T AT il AR AR 22 AHACER W U1 A8 ) B0 Aok 7 6

L7

MSP430Ware™ #ff MSP430Ware #{F&EL T MSPA430 asfF AR R fl, il LL & HoAh i it Bt
VL STASRES . B TR MSP430 MCU B BHiE e 4G 45, MSP430Ware
BARLEE % MSP SRENFR P FEIN =k AP, & BIZFE T LA IS MSP430 HAT3E1T 4
2. MSP430Ware ¥k CCS A AFE AT R R KL 4E

MSP430 Hi% SoC ¥ DLMS (i&%iﬁ%%&@ﬂ?@) TI DLMS/COSEM FE3(#F MSP430 MCU 7= k.
DLMS 4} IEC TC13 WG14 X49K IEC 62056 R FIxritE.

IEC60730 #fFt IEC60730 MSP430 M fFtZeid L I'1)F %, M Tihih% ks IEC 60730-1:2010 (5
RV 0 B S ] - 55 1 f8ar: —MCEDR) B I IR . M as N A
Rl as . HIRF s, RS TH . Ha AT 4 KL 277 0. IEC60730 MSP430 #k{f
AATLLRASE MSP430 MCU 7 14T (% N A, AT 3 B2 P AL GV SR SR 8RR Th e 2
477 /% IEC 60730-1:2010 B ZKHNE [RINIE TAE .

MSP @Ezjﬁzﬁﬁ M%P URENFE 7 E 4 % AP 34850 R B0 A, TE 5 B, MSP430 R 14 5 -

E’Jgﬁﬁﬂﬁﬁ N R AP R REACAT . H P A5 AT SRR A R MO AN 2 36 (1Y
’%ﬁlﬁ’hﬁﬂﬂu IS %7;2}\1\T1§ﬁﬁ%[d]%zf“ﬁ@§ﬂluﬁ_fﬁa1ﬁ€ﬁﬁ%)ﬂﬁ HAH.

MSP430F67641. MSP430F67621 ARG M HR4E AN [F] B FH 75 SR i B & 4L /MR IR MSP 284435 2 & AH
M C AR =

A B A fE MSP430 MCU & I B &5 = ThE R % %% C U5 )ZE . MSP430 MCU JFEfA K £
e b d Sl 7k, %5 RO Ml RC Jridk

MSP EnergyTrace™ #i R @] T MSP430 iz 85 EnergyTrace i A 23k T A AE AL /0 T, &
FH 30 R SR B P ) R A R G S BO AR AL S DS BUER T RE .
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Export Control Notice

Recipient agrees to not knowingly export or re-export, directly or indirectly, any product or technical data
(as defined by the U.S., EU, and other Export Administration Regulations) including software, or any
controlled product restricted by other applicable national regulations, received from disclosing party under
nondisclosure obligations (if any), or any direct product of such technology, to any destination to which
such export or re-export is restricted or prohibited by U.S. or other applicable laws, without obtaining prior
authorization from U.S. Department of Commerce and other competent Government authorities to the
extent required by those laws.

Glossary
Tl Glossary This glossary lists and explains terms, acronyms, and definitions.
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ®3) (4/5)
(6)

MSP430F67621AIPN ACTIVE LQFP PN 80 119 RoHS & Green NIPDAU Level-3-260C-168 HR -40 to 85 F67621A Samples

MSP430F67621AIPNR ACTIVE LQFP PN 80 1000 ROHS & Green NIPDAU Level-3-260C-168 HR -40 to 85 F67621A Samples
MSP430F67621AIPZ ACTIVE LQFP Pz 100 90  ROHS & Green NIPDAU Level-3-260C-168 HR ~ -40to 85 F67621A
MSP430F67621AIPZR ACTIVE LQFP Pz 100 1000 RoHS & Green NIPDAU Level-3-260C-168 HR -40 to 85 F67621A

MSP430F67641AIPN ACTIVE LQFP PN 80 119 RoHS & Green NIPDAU Level-3-260C-168 HR -40 to 85 F67641A Samples

MSP430F67641AIPNR ACTIVE LQFP PN 80 1000 ROHS & Green NIPDAU Level-3-260C-168 HR -40 to 85 F67641A Samples

MSP430F67641AIPZ ACTIVE LQFP Pz 100 90 RoHS & Green NIPDAU Level-3-260C-168 HR -40 to 85 F67641A Samples

MSP430F67641AIPZR ACTIVE LQFP Pz 100 1000 RoHS & Green NIPDAU Level-3-260C-168 HR -40 to 85 F67641A Samples

@ 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.

@ RoHS: Tl defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

@ 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.
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® | ead finish/Ball material - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material 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 Tl'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.

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.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 [¢ KO [« P1L—>
R Y AR T
o O &|( Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
| [ |
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O OO OO0 0 O0 Sprocket Holes
| |
I I
Sl I ——
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & A |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
MSP430F67621AIPZR LQFP Pz 100 | 1000 330.0 24.4 17.0 | 17.0 2.1 20.0 | 24.0 Q2
MSP430F67641AIPZR LQFP Pz 100 | 1000 330.0 24.4 17.0 | 17.0 2.1 20.0 | 24.0 Q2
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TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
MSP430F67621AIPZR LQFP Pz 100 1000 350.0 350.0 43.0
MSP430F67641AIPZR LQFP Pz 100 1000 350.0 350.0 43.0
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TRAY
L - Outer tray length without tabs KO -
< > Outer
tray
+++++++F A+ A+ height
s N
++++++++++++++ +
| W -
1 e e e e e e e e e i i i o [ PO
— tra
[+ +++++++++++++ +[]0
++++++++++++++ 4+
> | |
{F+++++4F+++++++
{ ‘— [ i
|
P1 - Tray unit pocket pitch
CW - Measurement for tray edge (Y direction) to corner pocket center
— CL - Measurement for tray edge (X direction) to corner pocket center
Chamfer on Tray corner indicates Pin 1 orientation of packed units.
*All dimensions are nominal
Device Package | Package | Pins | SPQ |Unit array Max L (mm)] W KO P1 CL Ccw
Name Type matrix [temperature (mm) | (um) [ (mm) | (mm) [ (mm)
69
MSP430F67641AIPN PN LQFP 80 119 7x17 150 315 | 135.9| 7620 | 179 | 14.3 | 13.95
MSP430F67641AIPZ PZ LQFP 100 90 6x 15 150 315 [ 135.9| 7620 | 20.3 | 15.4 | 15.45
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MECHANICAL DATA

MTQFO013A — OCTOBER 1994 — REVISED DECEMBER 1996

PZ (S-PQFP-G100) PLASTIC QUAD FLATPACK

0,13 NOM

|
Leage -

/
J LILILII.ILII.ILILILILILILILILILILII.ILII.ILILILIIIILI/_B Seating Plane
L 1,60 MAX U ' ~[0,08 |

4040149/B 11/96

NOTES: A. Alllinear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Falls within JEDEC MS-026

J@ TeEXAS
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PNOOSOA

PACKAGE OUTLINE
LQFP - 1.6 mm max height

PLASTIC QUAD FLATPACK

12.2

PIN 11D

11.8

61

1

NN RRN RN R RTAAAR

N\

1 %HHHHHHHHHHHHHHHHHHH

N

AU R

14.2

138 TYP

V4

76X -

NI ITTTUTTUOUUUIIU

4X|9.5

41

| o027
80X 517

[ Jo.080 [c|A[B]

— 1.6 MAX

(0.13) TYP ;/ [

UL S,

SEATING PLANE

L 0.05 MIN

DETAIL A

TYPICAL

4215166/A 08/2022

NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing

per ASME Y14.5M.
2. This drawing is subject to change without notice.
3. Reference JEDEC registration MS-026.
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EXAMPLE BOARD LAYOUT
PNOOSOA LQFP - 1.6 mm max height

PLASTIC QUAD FLATPACK

SYMM

oxan—1 ORI :

11

— ==
80X (0.3) T % ! %
|
|

-

——
==
76X (0.5) r

(R0.05) TYP — &

(13.4)

e
—
==
=
D
=
a
—
8
|
JLA
|
.

|
|
|
|
|
L (13.4)

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:6X

0.05 MAX
EXPOSED METAL ALL AROUND EXPOSED METAL 0.05 MIN
\\ ALL AROUND
777777777777 {

N
METAL SOLDER MASK SOLDER MASKJ XMETAL UNDER
OPENING SOLDER MASK
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED

SOLDER MASK DETAILS

4215166/A 08/2022

NOTES: (continued)

4. Publication IPC-7351 may have alternate designs.
5. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
6. For more information, see Texas Instruments literature number SLMAO04 (www.ti.com/lit/sima004).
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EXAMPLE STENCIL DESIGN
PNOOSOA LQFP - 1.6 mm max height

PLASTIC QUAD FLATPACK

S\((LMM
80 | 61
oves - HHHREREHORAA - ——— T
Ll% | 60
80X (0.3)T % i %
JE== i ==
76X (0.5) T % 77777777 - % 778EMM
(13.4)

(R0.05) TYP — %
——

=
=
==
—
-
==

|
.

B

|
|
|
|
| |
L (13.4) 4

SOLDER PASTE EXAMPLE
BASED ON 0.1 mm THICK STENCIL
SCALE:6X

4215166/A 08/2022

NOTES: (continued)

7. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
8. Board assembly site may have different recommendations for stencil design.
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