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MSP430F643x Mixed-Signal Microcontrollers

» Two universal serial communication interfaces

1 Features (USCls)
* Low supply voltage range: 1.8 V to 3.6 V — USCI_A0 and USCI_A1 each support:
* Ultra-low power consumption + Enhanced UART supports automatic baud-
— Active mode (AM): rate detection
All system clocks active: + IrDA encoder and decoder

270 pA/MHz at 8 MHz, 3.0 V, flash program
execution (typical)

— Standby mode (LPM3):
Watchdog with crystal and supply supervisor
operational, full RAM retention, fast wakeup:

* Synchronous SPI

— USCI_BO0 and USCI_B1 each support:
. 12C
* Synchronous SPI

1.8pAat2.2V, 2.1 yAat 3.0 V (typical) * Integrated 3.3-V power system .

— Shutdown real-time clock (RTC) mode * 12-bit analog-to-digital converter (ADC) with
(LPM3.5): internal shared reference, sample-and-hold, and
Shutdown mode, active RTC with crystal: autoscan feature
1.1 pA at 3.0 V (typical) + Dual 12-bit digital-to-analog converters (DACs)

— Shutdown mode (LPM4.5): with synchronization
0.3 pA at 3.0 V (typical) » Voltage comparator

»  Wake up from standby mode in 3 s (typical) + Integrated liquid crystal display (LCD) driver with
+ 16-bit RISC architecture, extended memory, up to contrast control for up to 160 segments

20-MHz system clock * Hardware multiplier supports 32-bit operations
+ Flexible power-management system * Serial onboard programming, no external

— Fully integrated LDO with programmable programming voltage needed
regulated core supply voltage * 6-channel internal DMA

— Supply voltage supervision, monitoring, and + RTC module with supply voltage backup switch
brownout » Device Comparison summarizes the available

+ Unified clock system family members

— FLL control loop for frequency stabilization 2 Applications

— Low-power low-frequency internal clock source .

(VLO) » Analog and digital sensor systems

— Low-frequency trimmed internal reference *  Digital motor control
source (REFO) * Remote controls

— 32-kHz crystals (XT1) *  Thermostats

— High-frequency crystals up to 32 MHz (XT2) + Digital timers

» Four 16-bit timers with 3, 5, or 7 capture/compare * Hand-held meters
registers

3 Description

The TI MSP430™ family of ultra-low-power microcontrollers consists of several devices featuring different sets of
peripherals targeted for various applications. The architecture, combined with five low-power modes, is
optimized to achieve extended battery life in portable measurement applications. The device features a powerful
16-bit RISC CPU, 16-bit registers, and constant generators that contribute to maximum code efficiency. The
digitally controlled oscillator (DCO) allows the device to wake up from low-power modes to active mode in 3 ps

(typical).

The MSP430F643x devices are microcontrollers with an integrated 3.3-V LDO, a high-performance 12-bit ADC,
a comparator, two USClIs, a hardware multiplier, DMA, four 16-bit timers, an RTC module with alarm capabilities,
an LCD driver, and up to 74 1/O pins.

For complete module descriptions, see the MSP430F5xx and MSP430F6xx Family User's Guide.

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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Device Information

PART NUMBER(") PACKAGE BODY SIZE®
MSP430F6438IPZ LQFP (100) 14 mm x 14 mm
MSP430F6438IZCA nFBGA (113) 7mm x 7 mm
MSP430F64381ZQW®?) MicroStar Junior™ BGA (113) 7 mm x 7 mm

(1)  For the most current device, package, and ordering information, see the Package Option
Addendum in Section 11, or see the Tl website at www.ti.com.

(2) The sizes shown here are approximations. For the package dimensions with tolerances, see the
Mechanical Data in Section 11.

(3) All orderable part numbers in the ZQW (MicroStar Junior BGA) package have been changed to a
status of Last Time Buy. Visit the Product life cycle page for details on this status.
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4 Functional Block Diagrams
Figure 4-1 shows the functional block diagram for the MSP430F6438 and MSP430F6436 devices.
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Figure 4-1. Functional Block Diagram — MSP430F6438, MSP430F6436
Figure 4-2 shows the functional block diagram for the MSP430F6435 and MSP430F6433 devices.
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Figure 4-2. Functional Block Diagram — MSP430F6435, MSP430F6433
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5 Revision History
NOTE: Page numbers for previous revisions may differ from page numbers in the current version.

Changes from revision E to revision F

Changes from September 18, 2018 to September 10, 2020 Page
» Updated the numbering for sections, tables, figures, and cross-references throughout the document.............. 1
* Added nFBGA package (ZCA) information throughout document..............cccciiiiiiii e, 1
» Removed package options that are no longer available in Table 6-1, Device Comparison (MSP430F6436 in

4 Y ST 7
* Updated the list of devices available in the 113-Pin ZQW package in the caption of Figure 7-3 ...................... 8
» Changed the MAX value of the Iggrase and Iverase; Isank parameters in Section 8.54, Flash Memory ......... 55
» Corrected the connection of the P7SEL.x signal in Figure 9-11, Port P7 (P7.4 to P7.7) Diagram .................. 98

Changes from revision D to revision E

Changes from December 9, 2015 to September 17, 2018 Page
o Added Section 6.1, REIAIEA PrOQUCES ...........oouueeeeeeeeeeee et e et e e e e et e e e e e e e e e s eeaaanns 7
» Added typical conditions statements at the beginning of Section 8, Specifications ..............ccccocveviveeiiiiiicennns 17
+ Changed the MIN value of the V(pycc_Bor_nys) Parameter from 60 mV to 50 mV in Section 8.21, PMM,
BrownoUt RESET (BOR) ...ttt ettt e e ettt e e e ettt e e e s nse e e e s anseeeeaesansseeeeeansaeeeeeanssaeeeeaansneeeas 30
» Updated notes (1) and (2) and added note (3) in Section 8.27, Wake-up Times From Low-Power Modes and
0= = SR 32
* Removed ADC12DIV from the formula for the TYP value in the second row of the tconverT parameter in
Section 8.38, 12-Bit ADC, Timing Parameters, because ADC12CLK is after division..............cccccvviirrennennnn. 42
* Removed the note that started "This impedance depends on..." from the "Reference input resistance"
parameter in Section 8.48, 12-Bit DAC, Reference Input Specifications .............ccccceeeieeeeiiiiiccciiiiiiiieeiaaaee e 50
+ Added second row for tey_cmp With Test Conditions of "CBPWRMD = 10" and MAX value of 100 ps in Section
8.51, COMPAIALOr B .........uueeeeeeieeee et e e e e e e e e et e e e e e e e e e e e e ee et st e e aeeeeaaaeeeeeeannsbnraeeeeeas 52
* Renamed FCTL4.MGRO and MGR1 in the fyc k mgr pParameter in Section 8.54, Flash Memory to be
consistent With header filES ... ... et e e e e e e e e e e e e s e e e e e e e e e e e e e aaannes 55
» Replaced former section Development Tools Support with Section 10.3, Tools and Software ...................... 110

Changes from revision C to revision D

Changes from August 6, 2013 to December 8, 2015 Page
« Document format and organization changes throughout, including addition of section numbering.................... 1
* Moved all functional block diagrams to Section 4, Functional Block Diagrams .............c.cccccceeuiivinieiinineeennne 3
* Added USB column to Table 6-1, Family MEMDEIS .............uuueeeeiiiiie ettt 7
* Added Section 6, Device Comparison, and moved Table 6-1 t0 it.............ccoeciiiiiiiiii e, 7
* Added "Port U is supplied by the LDOO rail" to the PU.0 and PU.1 descriptions in Section 7.2, Signal

JID =Yo7 o] 10 1SS 11
o Added Section 8.2, ESD RaALINGS ....ccuuueeieeeeeeie e ee ettt e e e e e e e ettt e e e aaaeeeesa e s nneeteeeeaeaaeaeeeaaaannraaaeeeees 17
* Added note to CVCORE ..................................................................................................................................... 17
« Added Section 8.7, Thermal ResSiStance CRAracCteriStiCS ..............uueu i 21
L Vo (o =T I g T (S (o TN =SSR 22
+ Changed TYP value of C|_¢« with Test Conditions of "XTS = 0, XCAPx = 0" from 2 pFto 1 pF...................... 26
* In Va3 parameter description, changed from "Vgars # Vea1/3" 10 "Vea13 = VBAT/3 oot 34
+ Changed from fpac12 oout t0 fpac12 10uT in the first row of the Test Conditions for the "Channel-to-channel

Lo o TS] e= | Gl oF=T =0 0 =] =Y PO UUEPPPP 51
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+ Changed the value of DAC12_xDAT from 7F7h to F7Fh and changed the x-axis label from frogge t0 1/froggie in

Figure 8-22, Crosstalk TeSt CONAITIONS .........cc..uueeieieeeeie ettt e e e e et e e e e e e e e e e e s s nnnreeeeeeeaaaeeeeaaannns 51
» Corrected the spelling of the MRG bits in the fycLk Mre Parameter in Section 8.54, Flash Memory .............. 55
* Removed RTC_B from LPM4.5 Wake-UP OPLONS.......cooiiiiiiiiiiiiiiteeeee et a e 58
* Throughout document, changed all instances of "bootstrap loader" to "bootloader" ............cccoceeiiiiiiininnn. 60
* Added the paragraph that starts "Using the MSP430 RTC B Module With Battery Backup Supply describes
(010 OSSP OUPRRRO 64
» Corrected names of interrupt events PMMSWBOR (BOR) and PMMSWPOR (POR) in Table 9-10, System
Module INterrupt VECIOr REQISTEIS ........uuueeeeeeee ettt s e e e e e e e e e e e aaaaeaeeeeeeeeeaeaeaessnnnnnnnnnn 65
» Corrected spelling of NMIIFG (added missing "I") in Table 9-10, System Module Interrupt Vector Registers ....
65

* Added connection from "LCDS40...LCDS42" to AND gate in Figure 9-7, Port P5 (P5.2 to P5.7) Diagram .... 93
* Added P7SEL.2 and XT2BYPASS inputs with AND and OR gates in Figure 9-10, Port P7 (P7.3) Diagram .. 97

» Changed P7SEL.3 column from X t0 0 for "P7.3 (1/O)" FOWS........uuutiiiiiiiiieee et ea e 97
* Changed Table 9-61, Port PU.O, PU.T FUNCLIONS ........c..cccoiiiiiiee ettt ea et a e nnaea e e nnaes 104
* Added Section 10 and moved Development Tools Support, Device and Development Tool Nomenclature,
Trademarks, and Electrostatic Discharge Caution Sections t0 it.............ooooiiiiiiiii e 108
* Added Section 11, Mechanical, Packaging, and Orderable Information .................ccccccoiniviiiiiniineciniieennn, 115

The following table lists the changes to this data sheet from the original release through revision C.

REVISION COMMENTS

Section 7.2, Added note regarding pullup resistor to RST/NMI/SBWTDIO pin.

Added Applications, Development Tools Support, and Device and Development Tool Nomenclature
SLAS720C Section 9.12.1, Changed the description of the number of 1/Os in each port.

August 2013 Table 9-18, Added PM5CTLO register.

Section 8.45, Fixed typo in Ipp Test Conditions (changed from DAC1210G to DAC120G).

Section 854, Changed IERASE and IMERASE» IBANK limits.

Changed ACLK description in Section 7.2.
Changed typos to Interrupt Flag names on Timer TA2 rows in Table 9-3.
Changed notes on Section 8.44.

SLAS720B Changed SYSRSTIV, System Reset offset 1Ch to Reserved in Table 9-10.
August 2012 Corrected names of SVMLVLRIFG and SVMHVLRIFG bits in Table 9-10.
Changed tsensor(sampley MIN to 100 ps in Section 8.42.

Changed note (2) in Section 8.42.
Editorial changes throughout.

SLAS720A
September 2011

SLAS720
August 2010

Production Data release

Product Preview release
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6 Device Comparison

Table 6-1 summarizes the available family members.

Table 6-1. Device Comparison

USCI_A:
FLASH | SRAM " . = USCI_B: | ADC12_A | DAC12_A | Comp_B
DEVICE( () Timer_A®) | Timer_B® UART, = = = = USB 110 | PACKAGE
(KB) (KB) = = DA Spl | SPLPPC (Ch) (Ch) (Ch)
100 PZ,
MSP430F6438 256 18 53,3 7 2 2 12 ext, 4 int 2 12 No 74 113 ZCA,
113 ZQW
MSP430F6436 128 18 53,3 7 2 2 12 ext, 4 int 2 12 No 74 100 PZ
100 PZ,
MSP430F6435 256 18 53,3 7 2 2 12 ext, 4 int - 12 No 74 113 ZCA,
113 ZQW
100 PZ,
MSP430F6433 128 10 53,3 7 2 2 12 ext, 4 int - 12 No 74 113 ZCA,
113 ZQW
(1)  For the most current package and ordering information, see the Package Option Addendum in Section 11, or see the Tl website at
www.ti.com.
(2) Package drawings, standard packing quantities, thermal data, symbolization, and PCB design guidelines are available at www.ti.com/
packaging.

(3) 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.

(4) Each number in the sequence represents an instantiation of Timer_B 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_B, the first
instantiation having 3 and the second instantiation having 5 capture/compare registers and PWM output generators, respectively.

6.1 Related Products

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

TI 16-bit and 32-bit microcontrollers

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

Products for MSP430 ultra-low-power sensing & measurement MCUs

One platform. One ecosystem. Endless possibilities.

Companion products for MSP430F6438

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

Reference designs

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

Figure 7-1 shows the pinout for the MSP430F6438 and MSP430F6436 devices in the 100-pin PZ package.
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CAUTION: LCDCAP/R33 must be connected to DVgg if not used.
Figure 7-1. 100-Pin PZ Package (Top View) — MSP430F6438, MSP430F6436
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Figure 7-2 shows the pinout for the MSP430F6435 and MSP430F6433 devices in the 100-pin PZ package.
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CAUTION: LCDCAP/R33 must be connected to DVss if not used.
Figure 7-2. 100-Pin PZ Package (Top View) — MSP430F6435, MSP430F6433
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Figure 7-3 shows the pinout for all devices in the 113-pinZCA or ZQW package. See Table 7-1 for pin
assignments and descriptions.

(A a2) (a3 () (as) (ae) (A7) (A8)  (A9) 10 A1) A1d
(1) () (B3 [84) [85) B6) (B7) [B8) BY) B0 B B
((::1) (c2) ’\c}] (SR
(o) (o2) (04) (ps) {pe) (on) (p8) (DY) )
(&) (2 (€4) [E5) (Ee) [En) [EB) (E9) €1
{ F:1) (F2) (F4)  (F5) (F8)  (F9) F1 o Fn
(§1) (e2) (64) (es) (G:B) ‘Go) G 612
(tﬁ) (H2) (ha) (Hs) (He) (1) (HB) (o) ) g2
J:1) (JE) (Jf) (JE) J6) (JE) (JE) J9) (J-iﬂ Q12)
K:1) (K:z) (Kzﬂ K12
GGG B e 06 6 w6 6
W@ W e e

NOTE: For terminal assignments, see Table 7-1.

Figure 7-3. 113-Pin ZCA or ZQW Package (Top View) — MSP430F6438, MSP430F6435, MSP430F6433
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7.2 Signal Descriptions

Table 7-1 describes the signals for all device variants and packages.

Table 7-1. Signal Descriptions

TERMINAL
(4)
b Ie /o DESCRIPTION
NAME ZCA,
PZ | zaw
General-purpose digital 1/0
P6.4/CB4/A4 1 A1 /O |Comparator_B input CB4
Analog input A4 — ADC
General-purpose digital 1/0
P6.5/CB5/A5 2 B2 /O |Comparator_B input CB5
Analog input A5 — ADC
General-purpose digital 1/0
Comparator_B input CB6
P6.6/CB6/A6/DACO 3 B1 110 Analog input A6 — ADC
DAC12.0 output (not available on F6435 and F6433 devices)
General-purpose digital 1/0
Comparator_B input CB7
P6.7/CB7/A7/DAC1 4 Cc2 | IO Analog input A7 — ADC
DAC12.1 output (not available on F6435 and F6433 devices)
General-purpose digital 1/0
P7.4/CB8/A12 5 C1 /0 |Comparator_B input CB8
Analog input A12 -ADC
General-purpose digital 1/0
P7.5/CB9/A13 6 C3 1/0 |Comparator_B input CB9
Analog input A13 — ADC
General-purpose digital 1/0
Comparator_B input CB10
P7.6/CB10/A14/DACO 7 D2 | /O Analog input A14 — ADC
DAC12.0 output (not available on F6435 and F6433 devices)
General-purpose digital 1/0
Comparator_B input CB11
P7.7/CB11/A15/DAC1 8 D1 110 Analog input A15 — ADC
DAC12.1 output (not available on F6435 and F6433 devices)
General-purpose digital 1/0
P5.0/VREF+/VeREF+ 9 D4 /0 | Output of reference voltage to the ADC
Input for an external reference voltage to the ADC
General-purpose digital 1/0
P5.1/VREF-/VeREF- 10 E4 1/0 |Negative terminal for the reference voltage of the ADC for both sources, the
internal reference voltage, or an external applied reference voltage
AVCC1 11 EE12 Analog power supply
AVSS1 12 F2 Analog ground supply
XIN 13 F1 | |Input terminal for crystal oscillator XT1
XOUT 14 G1 O | Output terminal of crystal oscillator XT1
AVSS2 15 G2 Analog ground supply
General-purpose digital 1/O
P5.6/ADC12CLK/DMAEO 16 H1 I/0 | Conversion clock output ADC
DMA external trigger input
General-purpose digital I/O with port interrupt and mappable secondary function
P2.0/P2MAPO 7 G4 Vo Default mapping: USCI_BO0 SPI slave transmit enable; USCI_AOQ clock input/output
General-purpose digital I/O with port interrupt and mappable secondary function
P2.1/P2MAP1 18 | H2 1 VO | 5etauit mapping: USCI_BO SPI slave infmaster out: USCI_BO I2C data
General-purpose digital 1/0 with port interrupt and mappable secondary function
P2.2/P2MAP2 19 ) Vo Default mapping: USCI_BO SPI slave out/master in; USCI_BO I12C clock
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Table 7-1. Signal Descriptions (continued)

TERMINAL
(4)
NO® | yom DESCRIPTION
NAME ZCA,
PZ |zaw
General-purpose digital 1/0 with port interrupt and mappable secondary function
P2.3/P2MAP3 20 Ha o Default mapping: USCI_BO clock input/output; USCI_AOQ SPI slave transmit enable
General-purpose digital I/O with port interrupt and mappable secondary function
P2.4/P2MAP4 21 J2 Vo Default mapping: USCI_AO UART transmit data; USCI_AO SPI slave in/master out
P2 5/P2MAP5 29 K1 /o General-purpose digital I/O with port interrupt and mappable secondary function

Default mapping: USCI_AO UART receive data; USCI_AO slave out/master in

General-purpose digital I/O with port interrupt and mappable secondary function
P2.6/P2MAP6/R03 23 K2 /0O | Default mapping: no secondary function
Input/output port of lowest analog LCD voltage (V5)

General-purpose digital I/O with port interrupt and mappable secondary function
Default mapping: no secondary function

External reference voltage input for regulated LCD voltage

Input/output port of third most positive analog LCD voltage (V3 or V4)

P2.7/P2MAP7/LCDREF/R13 24 L2 110

DVCCA1 25 L1 Digital power supply
DVSS1 26 M1 Digital ground supply
VCORE®) 27 M2 Regulated core power supply (internal use only, no external current loading)

General-purpose digital 1/0

P5.2/R23 28 L3 Vo Input/output port of second most positive analog LCD voltage (V2)

LCD capacitor connection
Input/output port of most positive analog LCD voltage (V1)

LCDCAP/R33 29 M3 | I/O
CAUTION
CAUTION: LCDCAP/R33 must be connected to DVsg if not used.
COMO 30 J4 O |LCD common output COMO for LCD backplane
General-purpose digital 1/0
P5.3/COM1/842 31 L4 /0 |LCD common output COM1 for LCD backplane

LCD segment output S42

General-purpose digital 1/0
P5.4/COM2/S41 32 M4 /O |LCD common output COM2 for LCD backplane
LCD segment output S41

General-purpose digital 1/0
P5.5/COM3/S40 33 J5 /0 |LCD common output COM3 for LCD backplane
LCD segment output S40

General-purpose digital I/O with port interrupt
Timer TAO clock signal TACLK input

ACLK output (divided by 1, 2, 4, 8, 16, or 32)
LCD segment output S39

General-purpose digital I/O with port interrupt

Timer TAO CCRO capture: CCIOA input, compare: Out0 output
BSL transmit output

LCD segment output S38

General-purpose digital I/O with port interrupt

Timer TAO CCR1 capture: CCI1A input, compare: Out1 output
BSL receive input

LCD segment output S37

P1.0/TAOCLK/ACLK/S39 34 L5 110

P1.1/TA0.0/S38 35 | M5 | I/O

P1.2/TA0.1/S37 36 J6 110

General-purpose digital 1/0 with port interrupt
P1.3/TA0.2/S36 37 H6 1/0 | Timer TAO CCR2 capture: CCI2A input, compare: Out2 output
LCD segment output S36

General-purpose digital /0 with port interrupt
P1.4/TA0.3/S35 38 M6 1/0 | Timer TAO CCR3 capture: CCI3A input compare: Out3 output
LCD segment output S35
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Table 7-1. Signal Descriptions (continued)

TERMINAL

NAME

@
oL 1ot DESCRIPTION

ZCA,

PZ | zaw

P1.5/TA0.4/S34

General-purpose digital 1/0 with port interrupt
39 L6 1/0 | Timer TAO CCR4 capture: CCI4A input, compare: Out4 output
LCD segment output S34

P1.6/TA0.1/S33

General-purpose digital I/O with port interrupt
40 J7 /0 | Timer TAO CCR1 capture: CCI1B input, compare: Out1 output
LCD segment output S33

P1.7/TA0.2/S32

General-purpose digital I/O with port interrupt
41 M7 1/0 | Timer TAO CCR2 capture: CCI2B input, compare: Out2 output
LCD segment output S32

P3.0/TA1CLK/CBOUT/S31

General-purpose digital I/O with port interrupt
Timer TA1 clock input

Comparator_B output

LCD segment output S31

42 L7 110

P3.1/TA1.0/S30

General-purpose digital I/O with port interrupt
43 H7 1/O | Timer TA1 capture CCRO: CCIOA/CCIOB input, compare: OutO output
LCD segment output S30

P3.2/TA1.1/S29

General-purpose digital I/O with port interrupt
44 M8 1/0 | Timer TA1 capture CCR1: CCI1A/CCI1B input, compare: Out1 output
LCD segment output S29

P3.3/TA1.2/S28

General-purpose digital 1/0 with port interrupt
45 L8 1/0 | Timer TA1 capture CCR2: CCI2A/CCI2B input, compare: Out2 output
LCD segment output S28

P3.4/TA2CLK/SMCLK/S27

General-purpose digital 1/0 with port interrupt
Timer TA2 clock input

SMCLK output

LCD segment output S27

46 J8 110

P3.5/TA2.0/S26

General-purpose digital 1/0 with port interrupt
47 M9 1/0 | Timer TA2 capture CCRO: CCIOA/CCIOB input, compare: Out0 output
LCD segment output S26

P3.6/TA2.1/S25

General-purpose digital I/O with port interrupt
48 L9 /0 | Timer TA2 capture CCR1: CCI1A/CCI1B input, compare: Out1 output
LCD segment output S25

P3.7/TA2.2/S24

General-purpose digital I/O with port interrupt
49 | M10 | I/O |Timer TA2 capture CCR2: CCI2A/CCI2B input, compare: Out2 output
LCD segment output S24

P4.0/TB0.0/S23

General-purpose digital I/O with port interrupt
50 J9 1/0 | Timer TBO capture CCRO0: CCIOA/CCIOB input, compare: Out0 output
LCD segment output S23

P4.1/TB0.1/S22

General-purpose digital I/O with port interrupt
51 M11 | I/O |Timer TBO capture CCR1: CCI1A/CCI1B input, compare: Out1 output
LCD segment output S22

P4.2/TB0.2/S21

General-purpose digital I/O with port interrupt
52 | L10 | I/O |Timer TBO capture CCR2: CCI2A/CCI2B input, compare: Out2 output
LCD segment output S21

P4.3/TB0.3/S20

General-purpose digital 1/0 with port interrupt
53 | M12 | /O |Timer TBO capture CCR3: CCI3A/CCI3B input, compare: Out3 output
LCD segment output S20

P4.4/TB0.4/S19

General-purpose digital 1/0 with port interrupt
54 | L12 | /O |Timer TBO capture CCR4: CCI4A/CCI4B input, compare: Out4 output
LCD segment output S19

P4.5/TB0.5/S18

General-purpose digital /0 with port interrupt
55 | L11 1/0 | Timer TBO capture CCR5: CCI5A/CCI5B input, compare: Out5 output
LCD segment output S18
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Table 7-1. Signal Descriptions (continued)

TERMINAL
@
NOZ  lyom DESCRIPTION
NAME ZCA,
PZ | zaw

General-purpose digital 1/0 with port interrupt
P4.6/TB0.6/S17 56 | K11 | /O |Timer TBO capture CCR6: CCI6A/CCI6B input, compare: Out6 output
LCD segment output S17

General-purpose digital I/O with port interrupt

Timer TBO: Switch all PWM outputs high impedance
SVM output

LCD segment output S16

P4.7/TBOOUTH/SVMOUT/S16 57 | K12 | /0

General-purpose digital 1/0
P8.0/TBOCLK/S15 58 | J11 | /O |Timer TBO clock input
LCD segment output S15

General-purpose digital 1/0
P8.1/UCB1STE/UCA1CLK/S14 59 | J12 | /O |USCI_B1 SPI slave transmit enable; USCI_A1 clock input/output
LCD segment output S14

General-purpose digital 1/0
P8.2/UCA1TXD/UCA1SIMO/S13 | 60 | H11 | I1/O |USCI_A1 UART transmit data; USCI_A1 SPI slave in/master out
LCD segment output S13

General-purpose digital 1/O
P8.3/UCATRXD/UCA1SOMI/S12 | 61 | H12 | I/O |USCI_A1 UART receive data; USCI_A1 SPI slave out/master in
LCD segment output S12

General-purpose digital 1/0
P8.4/UCB1CLK/UCA1STE/S11 62 | G11 | I1/O |USCI_B1 clock input/output; USCI_A1 SPI slave transmit enable
LCD segment output S11

DVSS2 63 | G12 Digital ground supply
DvCC2 64 | F12 Digital power supply

General-purpose digital 1/0
P8.5/UCB1SIMO/UCB1SDA/S10 | 65 | F11 | /O |USCI_B1 SPI slave in/master out; USCI_B1 I2C data
LCD segment output S10

General-purpose digital 1/O
P8.6/UCB1SOMI/UCB1SCL/S9 66 G9 | I/O |USCI_B1 SPI slave out/master in; USCI_B1 I2C clock
LCD segment output S9

General-purpose digital 1/O

P8.7/88 67 | E12 1 VO | cp segment output S8

General-purpose digital 1/0

P9.0/S7 68 | E11 | 1O LCD segment output S7

General-purpose digital 1/0

P9.1/S6 69 F9 | WO LCD segment output S6

General-purpose digital 1/0

P9.2/S5 70 | D12 | 1O LCD segment output S5

General-purpose digital 1/0

P9.3/S4 71 | D11 | 1O LCD segment output S4

General-purpose digital 1/0

P9.4/S3 2 E9 Vo LCD segment output S3

General-purpose digital 1/0

P9.5/S2 731 C12 110 fcp segment output S2

General-purpose digital 1/0

P9.6/S1 74 | cn o LCD segment output S1

General-purpose digital 1/O

P9.7/S0 75 D9 Vo LCD segment output SO
B11,
VSSU 76 PU ground supply
B12
PU.O 77 1 a12 | 10 General-purpose digital 1/0O, controlled by PU control register. Port U is supplied by
the LDOO rail.
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Table 7-1. Signal Descriptions (continued)

TERMINAL
(4)
NO® | yom DESCRIPTION
NAME ZCA,
PZ |zaw
NC 78 | B10 No connect
PU.1 79 | a11 | 10 General-purp_ose digital 1/0O, controlled by PU control register. Port U is supplied by
the LDOO rail.
LDOI 80 | A10 LDO input
LDOO 81 A9 LDO output
NC 82 B9 No connect
AVSS3 83 A8 Analog ground supply
General-purpose digital 1/0
P7.2/XT2IN 84 B8 Vo Input terminal for crystal oscillator XT2
General-purpose digital 1/0
P7.3/XT20UT 85 B7 Vo Output terminal of crystal oscillator XT2
VBAK 86 A7 Capacitor for back_up sub_system. Do not load this pin externally. For capacitor
values, see Cgak in Section 8.3.
VBAT 87 D8 Backup or secondary supply voltage. If backup voltage is not supplied, connect to
DVCC externally.
General-purpose digital 1/0
P5.7/RTCCLK 88 D7 110 RTCCLK output
DVCC3 89 A6 Digital power supply
DVSS3 90 A5 Digital ground supply
TEST/SBWTCK 91 B6 | Test mpdg pin; selects digital I/O on JTAG pins
Spy-Bi-Wire input clock
General-purpose digital 1/0
PJ.0/TDO 92 B5 110 Test data output port
General-purpose digital 1/0
PJA/TDITCLK 93 Ad Vo Test data input or test clock input
PJ.2/TMS 94 E7 /o General-purpose digital 1/0
Test mode select
PJ.3/TCK 05 D6 /o General-purpose digital 1/0
Test clock
Reset input (active low)®)
RST/NMI/SBWTDIO 96 A3 1/0 |Nonmaskable interrupt input
Spy-Bi-Wire data input/output
General-purpose digital 1/0
P6.0/CBO0/AO 97 B4 /O | Comparator_B input CBO
Analog input AO — ADC
General-purpose digital 1/0
P6.1/CB1/A1 98 B3 /0 | Comparator_B input CB1
Analog input A1 — ADC
General-purpose digital 1/0
P6.2/CB2/A2 99 A2 /0 | Comparator_B input CB2
Analog input A2 — ADC
General-purpose digital 1/0
P6.3/CB3/A3 100 | D5 /O |Comparator_B input CB3
Analog input A3 — ADC
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Table 7-1. Signal Descriptions (continued)

TERMINAL

NO.4)

NAME ZCA,
PZ | zaw

o™

DESCRIPTION

Reserved

ES5,
E6,
E8,
F4,
F5,
N/A | F8,
G5,
G8,
H5,
H8,
H9

Reserved. TlI recommends connecting to ground (DVSS, AVSS).

(1) 1=input, O = output, N/A = not available on this package offering

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

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

(4) See the Package Option Addendum in Section 11 to determine which devices are available in each package.
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8 Specifications

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

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

8.1 Absolute Maximum Ratings

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

MIN MAX UNIT
Voltage applied at V¢ to Vss -0.3 41 \Y
Voltage applied to any pin (excluding VCORE, VBUS, V18) -0.3 Vee +0.3 \%
Diode current at any device pin +2 mA
Maximum junction temperature, T, 95 °C
Storage temperature, Tgyg ) 55 150 °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 Vgg. VCORE is for internal device use only. No external DC loading or voltage should be applied.

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

8.2 ESD Ratings

VALUE UNIT
o Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001(") +1000
V(esp) Electrostatic discharge - — \
Charged-device model (CDM), per JEDEC specification JESD22-C101(2) +250

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.

+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.

8.3 Recommended Operating Conditions

Pins listed as

MIN NOM MAX| UNIT
PMMCOREVx = 0 1.8 3.6
Supply voltage during program execution and flash PMMCOREVx = 0, 1 2.0 3.6
Vee programming (AVCC1 = DVCC1 =DVCC2 =DVCC3 = \
DVce = Vo) @ PMMCOREVx =0, 1, 2 22 3.6
PMMCOREVx=0,1,2,3 24 3.6
Ves Supply v_oltage (AV_SS1 = AVSS2 = AVSS3 = DVSS1 = 0 Vv
DVSS2 =DVSS3 = Vgg)
VBATRTC Backup-supply voltage with RTC operational Ta=0"C1085°C 155 36 \
' Ta =—-40°C to +85°C 1.70 3.6
VBATMEM Backup-supply voltage with backup memory retained Ta =-40°C to +85°C 1.20 3.6 \
Ta Operating free-air temperature | version -40 85| °C
T, Operating junction temperature | version -40 85| °C
Cgak Capacitance at pin VBAK 1 4.7 10 nF
CvCoRE Capacitor at VCORE® 470 nF
g\%ggE Capacitor ratio of DVCC to VCORE 10
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8.3 Recommended Operating Conditions (continued)

MIN NOM MAX| UNIT

PMMCOREVx =0,
1.8V<Vccs36V 0 8.0
(default condition)
PMMCOREVx = 1,
Processor frequency (maximum MCLK frequency)® () 2V<Vcc<36V 0 120
(see Figure 8-1)

fsysTEM MHz

PMMCOREVXx = 2,
22V<Vee<36V

PMMCOREVXx = 3,
24V<Vee<36V

0 16.0

0 20.0

(1) Tl recommends powering AV¢c and DV from the same source. A maximum difference of 0.3 V between AV¢ and DV 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 threshold parameters in Section 8.23
for the exact values and more details.

(3) The MSP430 CPU is clocked directly with MCLK. Both the high and low phase of MCLK must not exceed the pulse duration of the
specified maximum frequency.

(4) A capacitor tolerance of +20% or better is required.
(5) Modules may have a different maximum input clock specification. See the specification of the respective module in this data sheet.

A

25

20
N
I
=
¢ 16
>
Q
c
(]
>
3
T 12
€
o
(2
@

8

0

1.8 2.0 22 24 3.6
Supply Voltage - V
NOTE: The numbers within the fields denote the supported PMMCOREVX settings.
Figure 8-1. Frequency vs Supply Voltage
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8.4 Active Mode Supply Current Into V¢ Excluding External Current

over recommended operating free-air temperature (unless otherwise noted)(') (2) (3)

FREQUENCY (fpco = fmcLk = fsmcik)
PARAMETER E)';EE%ILgégN Vee PMMCOREVx 1 MHz 8 MHz 12 MHz 20 MHz UNIT
TYP MAX TYP MAX TYP MAX TYP MAX
0 0.32 0.36 2.1 2.4
1 0.36 2.4 3.6 4.0
IAM, Flash Flash 3V > 037 25 38 mA
3 0.39 2.7 4.0 6.6
0 0.18 0.21 1.0 1.2
1 0.20 1.2 1.7 1.9
'aw. RaM RAM 3V 2 0.22 13 2.0 mA
3 0.23 1.4 21 3.6

(1) Allinputs are tied to 0 V 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. LDO disabled (LDOEN = 0).
fACLK = 32786 Hz, fDCO = fMCLK = fSMCLK at specified frequency.
XTS = CPUOFF = SCGO0 = SCG1 = OSCOFF = SMCLKOFF = 0.

8.5 Low-Power Mode Supply Currents (Into V¢c) Excluding External Current

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

TEMPERATURE (Ta)
PARAMETER Vce | PMMCOREVX -40°C 25°C 60°C 85°C UNIT
TYP MAX| TYP MAX| TYP MAX| TYP MAX
| L de 08) ©) 22V 0 71 75 87 81 85 99 A
ow-power mode
L0, 1Nz P 3V 3 78 83 98| 89 o4 108 "
| L de 24) ©) 22V 0 6.3 6.7 9.9 9.0 11 16 A
ow-power mode
LR P 3V 3 6.6 70 1| 10 12 18 "
0 1.6 1.8 2.4 47 6.5 105
22V 1 1.6 1.9 4.8 6.6
2 1.7 2.0 49 6.7
Low-power mode 3,
ILpM3 XTILF crystal modet®) © 0 1.9 2.1 2.7 5.0 6.8 10.8| pA
1 1.9 2.1 5.1 7.0
3V
2 2.0 2.2 5.2 7.1
3 2.0 2.2 2.9 5.4 7.3 126
0 0.9 1.2 1.9 4.0 59 103
| Low-power mode 3, 1 0.9 1.2 4.1 6.0
LPMS3, VLO mode, Watchdog 3V pA
VLO,WDT enabled(®) (9 2 1.0 1.3 4.2 6.1
3 1.0 1.3 2.2 43 6.3 11.3
0 0.9 1.1 1.8 3.9 5.8 10
| L de 40) ©) 3V 1 0.9 1.1 4.0 5.9 A
ow-power mode
LR P 2 1.0 1.2 4.1 6.1 H
3 1.0 1.2 21 4.2 6.2 11
Low-power mode 3.5
ILpm3 s, (LPM3.5) current with
RTC,VCC active RTC into primary 3v 0.5 0.8 141 A
supply pin DV¢¢ (10
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8.5 Low-Power Mode Supply Currents (Into V¢c) Excluding External Current (continued)

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

TEMPERATURE (Ta)
PARAMETER Vce | PMMCOREVX —-40°C 25°C 60°C 85°C UNIT
TYP MAX| TYP MAX| TYP MAX| TYP MAX

Low-power mode 3.5

ILpm3.s, (LPM3.5) current with

RTC,VBAT active RTC into backup 3v 0.6 0.8 141 bA
supply pin VBAT(1)

| Total low-power mode 3.5

LPM3.5, (LPM3.5) current with 3V 1.0 1.1 1.3 1.6 28| pA

RTC,TOT active RTC(12)

ILpMas '('If’;"l\'/l‘fé")?;) mode 4.5 3V 0.2 03 06| 07 09 14| pA

M
)

@)

(4)

®)

6)

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

The currents are characterized with a Micro Crystal CC4V-T1A SMD crystal with a load capacitance of 9 pF. The internal and external
load capacitance are chosen to closely match the required 9 pF.

Current for watchdog timer clocked by SMCLK included. ACLK = low-frequency crystal operation (XTS = 0, XT1DRIVEx = 0).
CPUOFF = 1,SCG0 = 0,SCG1 = 0, OSCOFF = 0 (LPMO), fACLK = 32768 Hz, fMCLK =0 MHz, fSMCLK = fDCO = 1 MHz

LDO disabled (LDOEN = 0).

Current for watchdog timer clocked by ACLK and RTC clocked by LFXT1 (32768 Hz) included. ACLK = low-frequency crystal operation
(XTS =0, XT1DRIVEX = 0).

CPUOFF = 1,SCG0 = 0,SCG1 = 1, OSCOFF = 0 (LPMZ), fACLK = 32768 Hz, fMCLK =0 MHz, fSMCLK = cho = 0 MHz; DCO
setting = 1 MHz operation, DCO bias generator enabled.

LDO disabled (LDOEN = 0).

Current for watchdog timer clocked by ACLK and RTC clocked by LFXT1 (32768 Hz) included. ACLK = low-frequency crystal operation
(XTS =0, XT1DRIVEX = 0).
CPUOFF = 1,8CG0 = 1,S8CG1 =
LDO disabled (LDOEN = 0).

Current for watchdog timer clocked by VLO included.

1, OSCOFF = 0 (LPM3), facik = 32768 Hz, fucik = fsmoik = foco = 0 MHz

CPUOFF = 1,SCGO0 = 1,SCG1 = 1, OSCOFF = 0 (LPM3), fACLK = fMCLK = fSMCLK = fDCO =0 MHz
LDO disabled (LDOEN = 0).
(7) CPUOFF = 1, SCGO0 = 1, SCG1 = 1, OSCOFF = 1 (LPM4), fDCO = fACLK = fMCLK = fSMCLK = 0 MHz

()
©

(10)
(11

LDO disabled (LDOEN = 0).

Internal regulator disabled. No data retention.
CPUOFF = 1, SCGO = 1, SCG1 = 1, OSCOFF = 1, PMMREGOFF =1 (LPM45), fDCO = fACLK = fMCLK = fSMCLK = 0 MHz
Current for brownout included. Low-side supervisor (SVS| ) and low-side monitor (SVM_) disabled. High-side supervisor (SVSy) and
high-side monitor (SVMy) disabled. RAM retention enabled.
Vyear =Vec = 0.2V, foco = fueik = fsmok = 0 MHz, facik

Vygar = Vee = 0.2V, foco = fmctk = fsmetk = 0 MHz, facik
current drawn on VBAK

32768 Hz, PMMREGOFF = 1, RTC in backup domain active
32768 Hz, PMMREGOFF = 1, RTC in backup domain active, no

(12) foco =fmck = fsmek = 0 MHz, fac k = 32768 Hz, PMMREGOFF = 1, RTC in backup domain active, no current drawn on VBAK
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8.6 Low-Power Mode With LCD Supply Currents (Into V¢¢c) Excluding External Current

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)(") (2)
TEMPERATURE (T,)
PARAMETER Vce | PMMCOREVX -40°C 25°C 60°C 85°C UNIT
TYP MAX TYP MAX TYP MAX TYP MAX
0 2.3 2.7 3.1 5.4 7.4 11.5
Low-power mode 3
Ipus, LCD, (LPM3) current, LCD 4- |, 1 2.3 2.7 5.6 7.5 A
ext. bias mux mode, external 2 24 28 5.8 77 H
biasing(!) ()
3 2.4 2.8 3.5 5.9 7.9 13.2
Low.power mode 3 0 2.7 3.2 3.8 5.9 7.9 12.2
(LPM3) current, LCD 4- 1 27 3.2 6.1 8.1
:'F]':Mgival‘SCD’ mux mode, internal 3V pA
’ biasing, charge pump 2 2.8 3.3 6.2 8.3
disabled(") (3 3 28 33 49| 64 84 137
0 3.8
22V 1 3.9 MA
Low-power mode 3 2 40
| (LPM3) current, LCD 4- :
Il_E“IADSCP mux mode, internal 0 4.0
’ biasing, charge pump 1 41
enabled() 4) 3V . HA
2 4.2
3 4.2

M

)

@)

(4)

Current for watchdog timer clocked by ACLK and RTC clocked by LFXT1 (32768 Hz) included. ACLK = low-frequency crystal operation
(XTS =0, XT1DRIVEX = 0).

CPUOFF = 1,8CG0 = 1,SCG1 = 1, OSCOFF = 0 (LPM3), facLk = 32768 Hz, fycik = fsmek = foco = 0 MHz

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

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

Current through external resistors not included (voltage levels are supplied by test equipment).

Even segments S0, S2,... = 0, odd segments S1, S3,... = 1. No LCD panel load.

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

Even segments S0, S2,... = 0, odd segments S1, S3,... = 1. No LCD panel load.

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

8.7 Thermal Resistance Characteristics

PARAMETER VALUE UNIT
LQFP (PZ) 122

RO A Junction-to-ambient thermal resistance, still air(") °CIW
BGA (ZQW) 108
LQFP (PZ) 83

R6,c(Top) Junction-to-case (top) thermal resistance(® °CIW
BGA (ZQW) 72
_ _ LQFP (PZ) 98

RO5 Junction-to-board thermal resistance(®) °C/W
BGA (ZQW) 76

M
@)
@)

The junction-to-ambient thermal resistance under natural convection is obtained in a simulation on a JEDEC-standard, High-K board,
as specified in JESD51-7, in an environment described in JESD51-2a.

The junction-to-case (top) thermal resistance is obtained by simulating a cold plate test on the package top. No specific JEDEC-
standard test exists, but a close description can be found in the ANSI SEMI standard G30-88.

The junction-to-board thermal resistance is obtained by simulating in an environment with a ring cold plate fixture to control the PCB
temperature, as described in JESD51-8.
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8.8 Schmitt-Trigger Inputs — General-Purpose 1/O

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

PARAMETER TEST CONDITIONS Vee MIN TYP MAX| UNIT
Vv Positi ing input threshold volt 18V 080 149 v
ositive-going input threshold voltage

I gomg b 9 3V 1.50 2.10

v Negati " inbut threshold volt 1.8V 0.45 1.00 v
_ egative-going input threshold voltage

T gative-going 9 3V 0.75 165

v Inout volt hvst s (V Vir) 1.8V 0.3 0.8 v
nput voltage hysteresis - Vi
hys p ge ny IT+ IT. 3V 04 10
. For pullup: V|y = Vss
(2)
Rpun Pullup or pulldown resistor’ For pulldown: Vi = Vec 20 35 50| kQ
C Input capacitance VN = Vss or Vee 5 pF
(1)  Same parametrics apply to clock input pin when crystal bypass mode is used on XT1 (XIN) or XT2 (XT2IN).
(2) Also applies to RST pin when pullup or pulldown resistor is enabled.
8.9 Inputs — Ports P1, P2, P3, and P4
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)(")
PARAMETER TEST CONDITIONS Vce MIN MAX| UNIT
. - Port P1, P2, P3, P4: P1.x to P4.x

i 2) y , , y

Knt) External interrupt timing External trigger pulse duration to set interrupt flag 22V, 3V 20 ns

(1)
@)

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

shorter than tn).

8.10 Leakage Current — General-Purpose 1/0

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

PARAMETER TEST CONDITIONS Vce MIN MAX| UNIT
Iikg(Px.x) High-impedance leakage current See (1 (2) 18V,3V £50| nA
(1) The leakage current is measured with Vgg or V¢ applied to the corresponding pins, unless otherwise noted.

@)

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.

8.11 Outputs — General-Purpose 1/O (Full Drive Strength)
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Vce MIN MAX| UNIT

l(oHmax) = =3 mA(M 18V Ve —0.25 Vee
| =-10 mA@ ' Ve —0.60 %

Vou High-level output voltage (OHmax) ] ce cc \Y;
l(OHmax) = —5 mAM 3V Vee —0.25 Vee
I(OHmax) =-15 mA(Z) VCC -0.60 VCC
l(oLmax) = 3 A . Vgs Vss+0.25
| =10 mA®@ ' Vss Vss +0.60

VoL  Low-level output voltage (OLmax) : Ss_7ss v
I(OLmax) =5 mA( 3V Vss Vss+0.25
I(OLmax) =15 mA® Vss Vss+0.60

(1)
@

The maximum total current, |(oHmax) @nd lioLmax), for all outputs combined should not exceed +48 mA to hold the maximum voltage

drop specified.

The maximum total current, |(oHmax) @nd l(oLmax), for all outputs combined should not exceed +100 mA to hold the maximum voltage

drop specified.
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8.12 Outputs — General-Purpose 1/0 (Reduced 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) = —1 mA(M 18V Vee—0.25 Vee
| =-3mA®@ ' Ve —0.60 %

Vou High-level output voltage (OHmax) ce cc \Y
l(OHmax) = —2 mA(M 3V Vee —0.25 Vee
l(oHmax) = —6 mA®@ Vee —0.60 Vee
I(OLmax) =1 mA 18V Vss Vss+0.25
| =3 mA®@ ' Vss Vss +0.60

VoL Low-level output voltage (OLmax) Ss 7SS v
l(oLmax) = 2mA" 3V Vss Vss+0.25
l(oLmax) = 6 mA®@ Vss Vss+ 0.60

(1) The maximum total current, |(oHmax) @nd l(oLmax), for all outputs combined, should not exceed +48 mA to hold the maximum voltage
drop specified.
(2)  The maximum total current, l(oHmax) @nd l(oLmax), for all outputs combined, should not exceed +100 mA to hold the maximum voltage
drop specified.
(3) Selecting reduced drive strength may reduce EMI.

8.13 Output Frequency — Ports P1, P2, and P3

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

PMMCOREVx =3

PARAMETER TEST CONDITIONS MIN  MAX| UNIT
VCC =1.8 V, 8
¢ Port output frequency P3.4/TA2CLK/SMCLK/S27, PMMCOREVx =0 MHz
Py (with load) CL =20 pF, R = 1kQ(" or 3.2 kQ® @) Vec =3V,
' 20
PMMCOREVx = 3
P1.0/TAOCLK/ACLK/S39, Vec =18V, 8
f, Clock output frequenc P3.4/TA2CLK/SMCLK/S27, PMMCOREVx =0 MHz
Port CLK putirequency P2.0/P2MAPO (P2MAPO = PM_MCLK ), Vee =3V,
C_ =20 pF® 20

(1)  Full drive strength of port: A resistive divider with 2 x 0.5 kQ between V¢ and Vsg is used as load. The output is connected to the
center tap of the divider.

(2) Reduced drive strength of port: A resistive divider with 2 x 1.6 kQ between V¢ and Vgg is used as load. The output is connected to
the center tap of the divider.

(3) The output voltage reaches at least 10% and 90% V¢ at the specified toggle frequency.
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8.14 Typical Characteristics — Outputs, Reduced Drive Strength (PxDS.y = 0)

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

25.0 i
Ve =3.0V
P3.2

20.0 T,=25°C

15.0 / T,=85C

10.0

5.0

l,. — Typical Low-Level Output Current — mA

0.0

0.0 0.5 1.0 1.5 2.0 25 3.0 3.5
V,, — Low-Level Output Voltage — V

Figure 8-2. Typical Low-Level Output Current vs
Low-Level Output Voltage
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lo. — Typical Low-Level Output Current — mA

0.0 0.5 1.0 1.5 2.0
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Figure 8-3. Typical Low-Level Output Current vs
Low-Level Output Voltage
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-25.0

0.0 0.5 1.0 1.5 2.0 25 3.0 35
V., — High-Level Output Voltage — V

Figure 8-4. Typical High-Level Output Current vs
High-Level Output Voltage

0.0 |

V=18V /
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Iy — Typical High-Level Output Current — mA
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Figure 8-5. Typical High-Level Output Current vs
High-Level Output Voltage
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8.15 Typical Characteristics — Outputs, Full Drive Strength (PxDS.y = 1)

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

60.0 I |

Vcc =30V TA =25°C

%50 o3

50.0
45.0 /

//
//
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10.0 /
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lo. — Typical Low-Level Output Current — mA

0.5 1.0 1.5 2.0 25 3.0
V., — Low-Level Output Voltage — V

Figure 8-6. Typical Low-Level Output Current vs
Low-Level Output Voltage
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Figure 8-7. Typical Low-Level Output Current vs
Low-Level Output Voltage
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Figure 8-8. Typical High-Level Output Current vs
High-Level Output Voltage
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Figure 8-9. Typical High-Level Output Current vs
High-Level Output Voltage
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8.16 Crystal Oscillator, XT1, Low-Frequency Mode

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

PARAMETER TEST CONDITIONS Vee MIN TYP MAX| UNIT
fosc = 32768 Hz, XTS =0,
XT1BYPASS =0, XT1DRIVEx = 1, 0.075
Ta=25°C
Differential XT1 oscillator crystal |fosc = 32768 Hz, XTS =0,
Alpycc L current consumption from lowest | XT1BYPASS = 0, XT1DRIVEx = 2, 3V 0.170 pA
drive setting, LF mode Ta=25°C
fosc = 32768 Hz, XTS =0,
XT1BYPASS =0, XT1DRIVEx = 3, 0.290
Ta=25°C
1 LFo i(; %%Zz"ator crystal frequency, | yrg = o XT1BYPASS =0 32768 Hz
XT1 oscillator logic-level square- _ —16) (7)
fxT1.LEswW wave input frequency, LF mode XTS =0, XT1BYPASS = 1 10 32.768 50| kHz
XTS =0,
XT1BYPASS = 0, XT1DRIVEx = 0, 210
OA Oscillation allowance for fxr1p = 32768 Hz, C et =6 pF KO
LF LF crystals®) XTS =0,
XT1BYPASS = 0, XT1DRIVEx = 1, 300
fXT1,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, o o
Duty cycle, LF mode ferie = 32768 Hz 30% 70%
Oscillator fault frequency,
fFaultlf | F mode® quency XTS =00 10 10000| Hz
fOSC = 32768 HZ, XTS = 0,
XT1BYPASS = 0, XT1DRIVEx = 0, 1000
Ta = 25°C,
. CiLer = 6 pF
tsTARTLF Start-up time, LF mode 3V ms
fOSC = 32768 Hz, XTS = 0,
XT1BYPASS =0, XT1DRIVEx = 3, 500
Ta = 25°C,
CLeft = 12 pF

(1) 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.

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

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

(4) 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.
(5) To improve EMI on the XT1 oscillator, the following guidelines should be observed.

Keep the trace between the device and the crystal as short as possible.
Design a good ground plane around the oscillator pins.

Prevent crosstalk from other clock or data lines into oscillator pins XIN and XOUT.
Avoid running PCB traces underneath or adjacent to the XIN and XOUT pins.

Use assembly materials and processes that avoid any parasitic load on the oscillator XIN and XOUT pins.
If conformal coating is used, make sure that it does not induce capacitive or resistive leakage between the oscillator pins.

(6) When XT1BYPASS is set, XT1 circuit is automatically powered down. Input signal is a digital square wave with parametrics defined in
the Schmitt-trigger Inputs section of this datasheet.

(7) Maximum frequency of operation of the entire device cannot be exceeded.
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(8) 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 XTADRIVExX = 0, C__¢f < 6 pF.

+  For XTADRIVEX = 1, 6 pF < C_ ¢ < 9 pF.
- For XTADRIVEX = 2, 6 pF < C_ ¢ < 10 pF.

- For XTADRIVEX = 3, C_ ¢ 2 6 pF.

8.17 Crystal Oscillator, XT2

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

PARAMETER TEST CONDITIONS Vce MIN TYP MAX| UNIT
fosc = 4 MHz, XT20FF =0,
XT2BYPASS = 0, XT2DRIVEx = 0, 200
Tp=25°C
fosc = 12 MHz, XT20FF =0,
XT2BYPASS = 0, XT2DRIVEx =1, 260
| XT2 oscillator crystal current Ta=25°C 3V A
pveeXT2 consumption fosc = 20 MHz, XT20FF =0, g
XT2BYPASS = 0, XT2DRIVEx = 2, 325
Tp=25°C
fosc = 32 MHz, XT20FF =0,
XT2BYPASS = 0, XT2DRIVEx = 3, 450
Tp=25°C
fxT2,HFO ﬁ;ﬁ: ff'"ator crystal frequency, |y 1opRIVEX = 0, XT2BYPASS = 007 4 8| MHz
fxT2,HF1 ﬁlﬁgﬁc'"ator crystal frequency, |y 1opRIVEX = 1, XT2BYPASS = 007 8 16| MHz
fxT2,HF2 )r;z:szc'"amr crystal frequency, |y ropRIVEX = 2, XT2BYPASS = 007 16 24| MHz
faramps 12 oscillator crystal frequency, |y roppiyEy = 3, XT2BYPASS = 007) 24 32| MHz
' mode 3
XT2 oscillator logic-level square- - 1(6) (7)
FTZHESW  wave mout frequancy XT2BYPASS = 1 0.7 32| MHz
XT2DRIVEx = 0, XT2BYPASS = 0, 450
fxr2HF0 = 6 MHz, Cp o =15 pF
XT2DRIVEx = 1, XT2BYPASS = 0, 320
oA Oscillation allowance for fxtanF1 = 12MHz, C o = 15 pF 0
HF HF crystals(®) XT2DRIVEx = 2, XT2BYPASS = 0, 200
fxr2,HF2 = 20 MHz, Cp o =15 pF
XT2DRIVEx = 3, XT2BYPASS = 0, 200
fxr2,HF3 = 32 MHz, Cp e =15 pF
fosc =6 MHz
XT2BYPASS = 0, XT2DRIVEx = 0, 0.5
Ta= 25°C, CLeff =15pF
t Start-up time : 3V ms
STARTHF p fosc = 20 MHz
XT2BYPASS = 0, XT2DRIVEx = 3, 0.3
Ta= 25°C, CLyeﬁ =15pF
c Integrated effective load 1 F
Leff capacitance, HF mode(!) @) P
Duty cycle Measured at ACLK, fxra ez = 20 MHz 40% 50%  60%
frault HF Oscillator fault frequency®) XT2BYPASS = 1) 30 300| kHz

(1) Includes parasitic bond and package capacitance (approximately 2 pF per pin).
Because the PCB adds additional capacitance, TI 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.

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

(3) Measured with logic-level input frequency but also applies to operation with crystals.
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(4) Frequencies below the MIN specification set the fault flag. Frequencies above the MAX specification do not set the fault flag.
Frequencies between the MIN and MAX specifications might set the flag.

(5) To improve EMI on the XT2 oscillator the following guidelines should be observed.
+ Keep the traces 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 XT2IN and XT20UT.
* Avoid running PCB traces underneath or adjacent to the XT2IN and XT20UT pins.
+ Use assembly materials and processes that avoid any parasitic load on the oscillator XT2IN and XT20UT pins.
» If conformal coating is used, make sure that it does not induce capacitive or resistive leakage between the oscillator pins.
(6) When XT2BYPASS is set, the XT2 circuit is automatically powered down.
(7) Maximum frequency of operation of the entire device cannot be exceeded.
(8) Oscillation allowance is based on a safety factor of 5 for recommended crystals.

8.18 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 1.8Vto36V 6 9.4 14| kHz
dfyo/dt VLO frequency temperature drift Measured at ACLK(") 1.8Vto3.6V 0.5 %/°C
dfyLo/dVee  VLO frequency supply voltage drift Measured at ACLK(?) 1.8Vto36V 4 %IV

Duty cycle Measured at ACLK 1.8Vto36V 40% 50% 60%

(1) Calculated using the box method: (MAX(—40°C to +85°C) — MIN(—40°C to +85°C)) / MIN(—40°C to +85°C) / (85°C — (—40°C))
(2) Calculated using the box method: (MAX(1.8 V to 3.6 V) — MIN(1.8 V t0 3.6 V)) / MIN(1.8 Vto 3.6 V) /(3.6 V-1.8V)

8.19 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
REFO oscillator current o
IREFO consumption Ta= 25°C 1.8Vto3.6V 3 HA
REFO frequency calibrated Measured at ACLK 1.8Vto3.6V 32768 Hz
frRero REFO absolute tolerance Full temperature range 1.8Vto3.6V +3.5%
calibrated Ta =25°C 3V +1.5%
dfrero/dr REFO frequency temperature drift |Measured at ACLK(") 1.8Vto36V 0.01 %I°C
Ofpero/dVog it O oAUONOY SUPPIY VOGS yeagureq at ACLK®) 18V103.6V 1.0 %IV
Duty cycle Measured at ACLK 1.8Vto3.6V 40% 50%  60%
tsTART REFO start-up time 40%/60% duty cycle 1.8Vto36V 25 us

(1) Calculated using the box method: (MAX(—40°C to +85°C) — MIN(—40°C to +85°C)) / MIN(—40°C to +85°C) / (85°C — (—40°C))
(2) Calculated using the box method: (MAX(1.8 V to 3.6 V) — MIN(1.8 V to 3.6 V)) / MIN(1.8 Vt0 3.6 V) / (3.6 V- 1.8 V)
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8.20 DCO Frequency

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

PARAMETER TEST CONDITIONS MIN TYP  MAX| UNIT
fbco(0,0) DCO frequency (0, 0) DCORSELx = 0, DCOx = 0, MODx = 0 0.07 0.20| MHz
foco(0,31) DCO frequency (0, 31) DCORSELx =0, DCOx = 31, MODx =0 0.70 1.70| MHz
foco(,0) DCO frequency (1, 0) DCORSELx =1, DCOx =0, MODx =0 0.15 0.36| MHz
foco(1,31) DCO frequency (1, 31) DCORSELx = 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@,31) DCO frequency (2, 31) DCORSELx =2, DCOx = 31, MODx = 0 3.17 7.38| MHz
foco@0) DCO frequency (3, 0) DCORSELx =3, DCOx =0, MODx =0 0.64 1.51| MHz
foco,a1) DCO frequency (3, 31) DCORSELx = 3, DCOx = 31, MODx =0 6.07 14.0| MHz
foco,0) DCO frequency (4, 0) DCORSELx =4, DCOx =0, MODx =0 1.3 3.2| MHz
foco,31) DCO frequency (4, 31) DCORSELx =4, DCOx =31, MODx =0 12.3 28.2| MHz
foco(s,0) DCO frequency (5, 0) DCORSELx =5, DCOx =0, MODx =0 2.5 6.0/ MHz
focos,31) DCO frequency (5, 31) DCORSELx =5, DCOx = 31, MODx =0 23.7 54.1| MHz
focois,0) DCO frequency (6, 0) DCORSELx = 6, DCOx = 0, MODx = 0 4.6 10.7| MHz
focos,31) DCO frequency (6, 31) DCORSELx = 6, DCOx = 31, MODx =0 39.0 88.0| MHz
fDCO(7,0) DCO frequency (7, 0) DCORSELx =7, DCOx =0, MODx =0 8.5 19.6| MHz
foco,31) DCO frequency (7, 31) DCORSELx =7, DCOx = 31, MODx =0 60 135 MHz

Frequency step between range .
SbCoRSEL DC(C})RSE{ ang DCORSEL +g1 SrsEL = focopcorsEL+1,0c0)focoDCORSEL,DCO) 12 2.3| ratio
Frequency step between ta .
Sbco ch andyDCOp +1 P Sbco = focopcorskeL,pco+1)/focodcorsEL,bCo) 1.02 1.12] ratio
Duty cycle Measured at SMCLK 40% 50% 60%
dfpco/dT DCO frequency temperature drift |fpco = 1 MHz 0.1 %/°C
dfpco/dVee DCO frequency voltage drift foco =1 MHz 1.9 %IV
100 7
F V=30V = a
L T,=25°C 7 7
/ / /
/  / 7
10 v A I/ ll/ Il/
N v v y -
T 7 7 7
= 7 7 7 Z
| / / /
) /7 7/ 7
w DCOx = 31 / / /
1 £ Y Y
Ill III III
7 7 7
7 7
/ /
7 7
01 / DCOx =0
0 1 2 3 4 5 6 7
DCORSEL

Figure 8-10. Typical DCO Frequency
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8.21 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

BORy on voltage,

V(DVCCfBORﬁIT—) DVCC falling level | dDVCC/dt | <3VIs 1.45 \%
BORy off voltage,

V(pvce_BOR_IT+) DVCCHrising Iev%l | dDV¢c/di | < 3 Vis 0.80 1.30 1.50 \

V(pvce_BOR_hys) BORy hysteresis 50 250 mVv
Pulse duration required at RST/NMI pin to accept

treSET areset 2 s

8.22 PMM, Core Voltage

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

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Veores(AM) g&r& é%'t;gf/’ 2‘?"6 mode, |5 4V <DVeg<3.6V,0mA < I(Veore) < 21 MA 1.90 v
Veorea(AM) g&r&é‘gt;gf/’ 2"2“"6 mode, |5 5\ <DVeg<3.6V,0mA S I(Veore) < 21 mA 1.80 v
Veore1(AM) g&r&é%t;gf; 2°1“"e mode, 15\ <DV 3.6V, 0 mA S I(Veore) < 17 mA 1.60 v
Veoreo(AM) g&ﬁé‘gﬁg@ jc(;i"e mode, |48V <DVee<3.6V,0mAS I(Voore) < 13 mA 1.40 v
Veores(LPM) g‘;rdee“"gtﬁfﬂeé 'Cg"F’{"I'EC\;J:e;t 2.4V <DVgg 3.6V, 0 PA < I(Veore) < 30 pA 1.94 Vv
Vcorea(LPM) ﬁzfef‘ﬂﬁﬁﬂeég’ggib’ie;t 2.2V <DVeg 3.6V, 0 pA < I(Veore) < 30 pA 1.84 Vv
Veorer(LPM) ﬁ‘(’):jee""",'tl\ngeC‘g‘F’{"g‘;Tﬁ”t 2V <DVeg <3.6V, 0 pA < I(Veore) < 30 HA 164 v
Veoreo(LPM) ﬁ?ﬁ;‘;ﬁ‘ﬁ&%‘c‘,’gg‘iﬁ‘i‘*gt 1.8V < DVeg £3.6 V, 0 pA < I(Veore) < 30 pA 144 v
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8.23 PMM, SVS High Side

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

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
SVSHE =0, DV =3.6 V 0 A
n
I(svsH) SVS current consumption SVSHE =1, DV¢c =3.6 V, SVSHFP =0 200
SVSHE =1, DVgc = 3.6 V, SVSHFP =1 2.0 pA
SVSHE =1, SVSHRVL =0 1.59 1.64 1.69
SVSHE =1, SVSHRVL =1 1.79 1.84 1.91
VisvsH IT)  SVSy on voltage level(!) \%
- SVSHE =1, SVSHRVL =2 1.98 2.04 2.1
SVSHE =1, SVSHRVL =3 2.10 2.16 2.23
SVSHE =1, SVYSMHRRL =0 1.62 1.74 1.81
SVSHE =1, SVSMHRRL =1 1.88 1.94 2.01
SVSHE =1, SVYSMHRRL = 2 2.07 2.14 2.21
SVSHE =1, SYSMHRRL =3 2.20 2.26 2.33
V(SVSH IT+) SVS§y off voltage level™ \%
- SVSHE = 1, SVSMHRRL =4 2.32 2.40 2.48
SVSHE =1, SVYSMHRRL =5 2.56 2.70 2.84
SVSHE =1, SVSMHRRL =6 2.85 3.00 3.15
SVSHE =1, SVSMHRRL =7 2.85 3.00 3.15
SVSHE = 1, dVpycc/dt = 10 mV/us, SVSHFP = 1 25
tpd(svsH) SVSy propagation delay us
SVSHE = 1, dVpycc/dt = 1 mV/ps, SVSHFP =0 20
svs  del SVSHE = 0—1, SVSHFP =1 12.5
t on or off delay time s
Ve " Y SVSHE = 01, SVSHFP = 0 100 g
dVDvcc/dt DVCC rise time 0 1000 Vis

(1) The SVSy settings available depend on the VCORE (PMMCOREVX) setting. See the Power Management Module and Supply Voltage

Supervisor chapter in the MSP430F5xx and MSP430F6xx Family User's Guide on recommended settings and usage.

8.24 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 =36V 0

l(svmH) SVMy current consumption SVMHE =1, DVCC = 3.6 V, SYMHFP =0 200 nA
SVMHE =1, DVCC = 3.6 V, SVMHFP = 1 2.0 pA
SVMHE = 1, SVSMHRRL = 0 1.65 1.74 1.86
SVMHE = 1, SVSMHRRL = 1 1.85 1.94 2.02
SVMHE = 1, SVSMHRRL = 2 2.02 2.14 2.22
SVMHE = 1, SVSMHRRL = 3 2.18 2.26 2.35

V(svMH) SVM on or off voltage level™ SVMHE = 1, SVSMHRRL = 4 2.32 2.40 2.48 \%
SVMHE =1, SVSMHRRL =5 2.56 2.70 2.84
SVMHE = 1, SVSMHRRL = 6 2.85 3.00 3.15
SVMHE =1, SVSMHRRL =7 2.85 3.00 3.15
SVMHE = 1, SVMHOVPE = 1 3.75
SVMHE = 1, dVpycc/dt = 10 mV/ps, SVMHFP = 1 25

tpd(svMH) SVMy propagation delay us
SVMHE = 1, dVpycc/dt = 1 mV/us, SYVMHFP = 0 20

tsvmH) SVMy on or off delay time SVMHE =01, SVSMFP = 1 125 us
SVMHE = 0—1, SYMHFP =0 100

(1) The SVMy settings available depend on the VCORE (PMMCOREVX) setting. See the Power Management Module and Supply Voltage

Supervisor chapter in the MSP430F5xx and MSP430F6xx Family User's Guide on recommended settings and usage.
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8.25 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, PMMCOREV =2 0
IisvsL) SVS, current consumption SVSLE =1, PMMCOREYV = 2, SVSLFP =0 200 nA
SVSLE = 1, PMMCOREV = 2, SVSLFP =1 2.0 MA
SVSLE = 1, dV¢oRre/dt = 10 mV/us, SVSLFP =1 25
tod(svsL) SVS, propagation delay us
SVSLE = 1, dV¢oRrg/dt = 1 mV/ps, SVSLFP =0 20
) SVSLE = 0—1, SVSLFP =1 12,5
tsvsL) SVS, on or off delay time SVSLE =01, SVSLFP =0 100 us

8.26 PMM, SVM Low Side

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

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
SVMLE = 0, PMMCOREYV = 2 0 .
n
lsway  SVMy current consumption SVMLE = 1, PMMCOREYV = 2, SVMLFP = 0 200
SVMLE = 1, PMMCOREYV = 2, SVMLFP = 1 2.0 A
_ SVMLE = 1, dVeore/dt = 10 mV/us, SVMLFP = 1 25
todsvmr)  SVML propagation delay us
SVMLE = 1, dVeore/dt = 1 mVips, SYMLFP = 0 20
t S oty € SVMLE = 0—1, SVMLFP = 1 125
on or o elay uime S
(SVML) - y SVMLE = 01, SVMLFP = 0 100 H

8.27 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
Wake-up time from LPM2, PMMCOREV = SVSMLRRL =n | fmcik 24 MHz 3 6.5
tWAKE-UP-FAST LPM3, or LPM4 to active (wheren=0, 1, 2, or 3), 1 MHz < fycik < us
mode(") SVSLFP = 1 4 MHz 4 80
Wake-up time from LPM2, PMMCOREV = SVSMLRRL =n
twake-up.s,ow  LPM3, or LPM4 to active (wheren=0, 1, 2, or 3), 150 165| s
mode® () SVSLFP =0

¢ Wake-up time from LPM3.5 or
WAKE-UP-LPMS | PM4.5 to active mode(®

Wake-up time from RST or 2 3
BOR event to active mode(*)

twake-UP-RESET 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-FasT 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 MSP430F5xx and MSP430F6xx
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 MSP430F5xx and MSP430F6xx
Family User's Guide.

(3) The wake-up times from LPMO and LPM1 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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8.28 Timer_A, Timers TAO, TA1, and TA2

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

PARAMETER TEST CONDITIONS Vce MIN MAX| UNIT
Internal: SMCLK or ACLK,
fra Timer_A input clock frequency External: TACLK, 1.8V,3V 20| MHz
Duty cycle = 50% +10%
t Timer_A capture timin All capture inputs, Minimum pulse 1.8V,3V 20 ns
TA.cap A cap 9 duration required for capture e

8.29 Timer_B, Timer TBO

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

PARAMETER TEST CONDITIONS Vce MIN MAX| UNIT
Internal: SMCLK or ACLK,
fre Timer_B input clock frequency External: TBCLK, 1.8V,3V 20| MHz
Duty cycle = 50% £10%
) L All capture inputs, Minimum pulse
tre,cap  Timer_B capture timing duration required for capture 1.8V,3V 20 ns
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8.30 Battery Backup

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

PARAMETER TEST CONDITIONS Vee MIN TYP MAX| UNIT
Ta=-40°C 0.43
VBAT =17V, TA:T 052
DVCC not connected, ———————
RTC running | TaA=60C | 0.58
Ta=85°C 0.64
Ta=-40°C 0.50
IVBAT Cgrrent into VBAT terminal if no \S\B/é-gznézc(\)/ﬁnected, Ta=25°C 0.59 uA
primary battery is connected RTC running Ta=60°C 0.64
Ta=85°C 0.71
Ta=-40°C 0.68
VBAT =3V, (Ta=25C | 0.75
DVCC not connected, ———————
RTC running | TaA=60°C | 0.79
Ta=85°C 0.86
General VsvsH_IT-
SVSHRL =0 1.59 1.69
VswiTcH Switch-over level (V¢c to VBAT) |Cycc = 4.7 pF SVSHRL =1 1.79 1.91 \%
SVSHRL =2 1.98 2.1
|SVSHRL=3 | 210 223
RONVBAT  yppr oianice of switch between v xr=1.8 v ov 0.35 1 ko
. 1.8V 06 5%
A oy e
36V 12 5%
tsample, VBAT to ADC: Sampling time ADC120N =1, . 1000 ns
VBAT3 required if VBAT3 selected Error of conversion result < 1 LSB
VeHvx Charger end voltage CHVx =2 2.65 2.7 29 \Y
CHCx =1 5
RcHARGE Charge limiting resistor CHCx =2 10| kQ
CHCx =3 20
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8.31 USCI (UART Mode)

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

PARAMETER TEST CONDITIONS Vee MIN MAX| UNIT
Internal: SMCLK or ACLK,
fuscl USCI input clock frequency External: UCLK, fsystem| MHz
Duty cycle = 50% +10%
BITCLK clock frequency
fameLk (equals baud rate in MBaud) 1 MHz
22V 50 600
t, UART receive deglitch time(") ns
3V 50 600

(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.

8.32 USCI (SPI Master Mode)

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)(")
(see Figure 8-11 and Figure 8-12)

PARAMETER TEST CONDITIONS Vce MIN MAX| UNIT
. SMCLK or ACLK,
fuscl USCI input clock frequency Duty cycle = 50% £10% fsystem| MHz
1.8V 55
PMMCOREV =0
t SOMI i t dat tup ti i 38
input data setup time ns
SUMI p p 24V 30
PMMCOREV = 3
3V 25
1.8V 0
PMMCOREV =0
It SOMI input data hold ti i 0
input data hold time ns
HOMI P 24V 0
PMMCOREYV = 3
3V 0
UCLK edge to SIMO valid, 1.8V 20
C_ =20 pF, PMMCOREV =0 3V 18
tyaLpmo  SIMO output data valid time(?) ns
UCLK edge to SIMO valid, 24V 16
C_ = 20 pF, PMMCOREYV = 3 3V 15
1.8V -10
C_ =20 pF, PMMCOREYV =0 3V 3
t SIMO output data hold time(® — ns
HD,MO p 24V -10
CL =20 pF, PMMCOREV =3
3V -8

(1) fucxcLk = 12t o With tomi 2 max(tvavip,mouscl) * tsu,si(siave)s tsumiuscly + tvALID,sO(Slave))

For the slave parameters tsy si(siave) @Nd tvaLiD,sO(SIave), 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 8-11 and Figure 8-12.

(3) Specifies how long data on the SIMO output is valid after the output changing UCLK clock edge. Negative values indicate that the data

on the SIMO output can become invalid before the output changing clock edge observed on UCLK. See the timing diagrams in Figure
8-11 and Figure 8-12.
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i Muexerx i

UCLK | | | |
CKPL= 1 }K 7( % 7( \ /
tom —— tiow — |
I‘_ LOMI r_ LOMI tsu,Ml

| | |‘_’|_ tHD‘MI
I
r-.|7 tHD,MO
f‘Hﬁ tuaomo

SIMO —X }{ :::>< >—

Figure 8-11. SPI Master Mode, CKPH =0

I 1/ fUCxCLK I

CKPLi3____JF""'xk_____JF"-ﬁ%\ k""‘\

UCLK | | | |
| | I |
* tom —f— tiom -
|‘_’|_ taom
| tsum"‘_’l |
|
|
|‘"|7 tHD,MO
|‘+’|7 tVAL\D,MO

D G G

Figure 8-12. SPI Master Mode, CKPH =1

36 Submit Document Feedback Copyright © 2021 Texas Instruments Incorporated
Product Folder Links: MSP430F6438 MSP430F6436 MSP430F6435 MSP430F6433


https://www.ti.com/product/MSP430F6438
https://www.ti.com/product/MSP430F6436
https://www.ti.com/product/MSP430F6435
https://www.ti.com/product/MSP430F6433
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLAS720F&partnum=MSP430F6438
https://www.ti.com/product/msp430f6438?qgpn=msp430f6438
https://www.ti.com/product/msp430f6436?qgpn=msp430f6436
https://www.ti.com/product/msp430f6435?qgpn=msp430f6435
https://www.ti.com/product/msp430f6433?qgpn=msp430f6433

13 TEXAS
INSTRUMENTS

www.ti.com

MSP430F6438, MSP430F6436, MSP430F6435, MSP430F6433
SLAS720F — AUGUST 2010 — REVISED SEPTEMBER 2020

8.33 USCI (SPI Slave Mode)

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)(")
(see Figure 8-13 and Figure 8-14)

PARAMETER TEST CONDITIONS Vee MIN MAX| UNIT
1.8V 1"
PMMCOREV =0
t STE lead ti STE low to clock i 8
ead time, ow to cloc ns
STE,LEAD 24V 7
PMMCOREV = 3
3V 6
1.8V 3
PMMCOREV =0
_ , 3V 3
tsTELAG STE lag time, Last clock to STE high PYAY 3 ns
PMMCOREV = 3 :
3V 3
1.8V 66
PMMCOREV =0
t STE ti STE low to SOMI dat t i %0
access time, ow to ataou ns
STEACC 24V 36
PMMCOREV = 3
3V 30
1.8V 30
PMMCOREV =0
3V 23
tsTEDIS STE disable time, STE high to SOMI high impedance PYAY 16 ns
PMMCOREV = 3 :
3V 13
1.8V 5
PMMCOREV =0
t SIMO input dat tup ti i °
input data setup time ns
SU,SI p p 24V 2
PMMCOREV = 3
3V 2
1.8V 5
PMMCOREV =0
t SIMO input data hold ti 3V >
input data hold time ns
HD.S! P 24V 5
PMMCOREYV =3
3V 5
UCLK edge to SOMI valid, 1.8V 76
C_ =20 pF,

o PMMCOREYV =0 3V 60
tyaupso  SOMI output data valid time(@) - ns
' UCLK edge to SOMI valid, 24V 44

CL =20 pF,
PMMCOREYV = 3 3V 40
C_ = 20 pF, 1.8V 18
PMMCOREYV =0 3V 12

tup so SOMI output data hold time(®) ns
C = 20 pF, 24V 10
PMMCOREV = 3 3V 8

(1) fucxerk = 12t ogm With tLo/H 2 max(tyaLip,moMaster) + tsu,siuscly tsuMiMaster) + tvaLID,souscl)
For the master parameters tsy miMaster) @Nd tvaLib,MO(Master), S€€ the SPI parameters of the attached master.

(2) Specifies the time to drive the next valid data to the SOMI output after the output changing UCLK clock edge. See the timing diagrams

in Figure 8-13 and Figure 8-14.
(3) Specifies how long data on the SOMI output is valid after the output changing UCLK clock edge. See the timing diagrams in Figure
8-13 and Figure 8-14.
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|‘_’|_ tsreen tsreine _|‘_’|

STE 5{( | -
| |
| | |
: : LU I : :
CKPL=0 | | | /_/1
UCLK I | : | I
CKPL =
M — —
R S |
| tom tom _’I tous |
| | | L—”— tios |
| | |
| |"’|7 tHDSO |
L—"— toreace |‘+’|— tuaoso tsreois
o —{X XX }_
Figure 8-13. SPI Slave Mode, CKPH =0
|‘_’|_ tSTE,LEAD tSTE,LAG _|‘_’|
STE - I
| |
M —
. |
oo | A Y N
UCLK ) | : | b
CKPL m
| | " —
| |‘_ tiom _T_ tom _'I | |
<—-|— to,
| | I
| | |
| |<->|— tHD,MO |
L_'|_ tSTEACC |‘+’|—tVAUD,so STE DIS —L—’l
I | G G

Figure 8-14. SPI Slave Mode, CKPH =1
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8.34 USCI (I2C Mode)

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted) (see Figure 8-15)

soa \ | [/ X

| | ¢ |
b [
— —\ T — | | |
- L } | mm
‘ “—"7 tSU‘DAT tsu sTO ﬁ“_l"
tHD‘DAT H

X

| \
‘4* tiow %tHIGH‘N

Figure 8-15. 12C Mode Timing

PARAMETER TEST CONDITIONS Vce MIN MAX| UNIT
Internal: SMCLK or ACLK,
fuscl USCI input clock frequency External: UCLK fsystem| MHz
Duty cycle = 50% +10%
fscL SCL clock frequency 22V,3V 0 400| kHz
fscL < 100 kHz 4.0
tHp sTA Hold time (repeated) START 22V,3V us
' fscL > 100 kHz 0.6
. fscL < 100 kHz 4.7
tsusTa Setup time for a repeated START 22V,3V us
fSCL > 100 kHz 0.6
tHD,DAT Data hold time 22V,3V 0 ns
tsu pAT Data setup time 22V,3V 250 ns
) fscL < 100 kHz 4.0
tsusTo Setup time for STOP 22V,3V us
' fscL > 100 kHz 0.6
t Pulse duration of spikes suppressed by 22V 50 600 ns
SP input filter 3V 50 600
“—’li tHD,STA tSU STA *—“4—# tHD.STA tBUF 4“—"

oo
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8.35 LCD_B, Recommended Operating Conditions

PARAMETER CONDITIONS MIN NOM  MAX| UNIT
Vee,Lep B, Supply voltage range, charge pump LCDCPEN = 1, 0000 < VLCDx < 1111 29 36 vV
CPen36 enabled, V| cp 3.6V (charge pump enabled, V| cp < 3.6 V) ' '
Vee,Lep B, Supply voltage range, charge pump LCDCPEN =1, 0000 < VLCDx < 1100 20 36 vV
CPen33 enabled, V| cp £3.3V (charge pump enabled, V| cp £ 3.3 V) ' '
~ Supply voltage range, internal biasing, _ _
Vee,Lep_B, int. bias charge pump disabled LCDCPEN =0, VLCDEXT =0 24 3.6 \
Vee,Lep B, Supply voItage‘range, external biasing, LCDCPEN = 0, VLCDEXT = 0 24 36 Vv
ext. bias charge pump disabled
Vv Supply voltage range, external LCD
CCLCD_B, voltage, internal or external biasing, LCDCPEN = 0, VLCDEXT =1 2.0 36| V
VLCDEXT charge pump disabled
External LCD voltage at LCDCAP/R33,
V| cbcAP/R33 internal or external biasing, charge LCDCPEN =0, VLCDEXT =1 2.4 3.6 \Y
pump disabled
c Capacitor on LCDCAP when charge LCDCPEN = 1, VLCDx > 0000 47 47 10 F
LCDCAP pump enabled (charge pump enabled) ' ' H
flep =2 x mux x ferame
fErame LCD frame frequency range (mux = 1 (static), 2, 3, 4) 0 100| Hz
fACLK,in ACLK input frequency range 30 32 40| kHz
Chpanel Panel capacitance 100-Hz frame frequency 10000| pF
VR33 Analog input voltage at R33 LCDCPEN = 0, VLCDEXT = 1 2.4 VCS ; \Y
_ _ VR03 +2/3 x
VR23 1/3bias Analog input voltage at R23 LCDRE)ET B 1' LCDEXTBIAS = 1’ VR13 (VR33 - VR33 \Y
, LCD2B =0
VRo3)
. . _ _ VRosz + 1/3 x
Vv . Analog input voltage at R13 with 1/3 LCDREXT =1, LCDEXTBIAS = 1, Vv (Vess — Vv Vv
R13,1/3bias biasing LCD2B =0 RO3 R33 R23
VRo3)
. . _ _ VRosz + 1/2 x
Vv . Analog input voltage at R13 with 1/2 LCDREXT =1, LCDEXTBIAS = 1, Vv (Vess — Vv v
R13,1/2bias biasing LCD2B = 1 RO3 R33 R33
VRo3)
VRo3 Analog input voltage at R0O3 ROEXT =1 Vss V
Vioo-Vios Voltage difference between V| ¢p and LCDCPEN = 0, ROEXT = 1 24 Vee Vv
R0O3 +0.2
External LCD reference voltage applied _
VLCDREF/R13 at LCDREF/R13 VLCDREFx =01 0.8 1.2 1.5 \
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8.36 LCD_B, 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 2Vto3.6V 2.60
LCDCPEN =1, VLCDx = 0010 2Vto3.6V 2.66
LCDCPEN =1, VLCDx = 0011 2Vto3.6V 2.72
LCDCPEN =1, VLCDx = 0100 2Vto3.6V 2.79
LCDCPEN =1, VLCDx = 0101 2Vto3.6V 2.85
LCDCPEN =1, VLCDx = 0110 2Vto3.6V 2.92
LCDCPEN =1, VLCDx = 0111 2Vto3.6V 2.98
Vicp LCD voltage \Y
LCDCPEN = 1, VLCDx = 1000 2Vto3.6V 3.05
LCDCPEN =1, VLCDx = 1001 2Vto3.6V 3.10
LCDCPEN =1, VLCDx = 1010 2Vto3.6V 3.17
LCDCPEN =1, VLCDx = 1011 2Vto3.6V 3.24
LCDCPEN =1, VLCDx = 1100 2Vto36V 3.30
LCDCPEN =1, VLCDx = 1101 22Vto3.6V 3.36
LCDCPEN =1, VLCDx = 1110 22Vto3.6V 3.42
LCDCPEN =1, VLCDx = 1111 22Vto3.6V 3.48 3.6
Peak supply currents due to _ _
lCPECP  carge mimp activiies LCDCPEN = 1, VLCDx = 1111 22V 400 HA
Time to charge C_cp when CiLcp = 4.7 uF,
WepcPon  gischarged LCDCPEN = 01, VLCDx = 1111 22V 100 500 ms
e Load Maximum charge pump load || ~popEN = 1, viCDx = 1111 22V 50 pA
’ current
LCD driver output LCDCPEN =1, VLCDx = 1000,
Ricp.seq impedance, segment lines |l oap = 10 YA 22V 101 kQ
LCD driver output LCDCPEN =1, VLCDx = 1000,
Rico,com impedance, common lines |l oap = 10 A 22V 10| ko
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8.37 12-Bit ADC, Power Supply and Input Range Conditions

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

PARAMETER TEST CONDITIONS Vee MIN TYP MAX| UNIT

AVCC and DVCC are connected together,

AVee Analog supply voltage AVSS and DVSS are connected together, 2.2 3.6 \Y
V(avss) = Vipvss) = 0V

Viax) Analog input voltage range(®) | All ADC12 analog input pins Ax 0 AVee| V

Operating supply current into _ ) 22V 150 200

laoc12.A AV terminal® fapcrzcik = 5 MHz 3V 150 250] ™

c Input capacitance t?mng one terminal Ax can be selected at one 20V 20 25| pF

R| Input MUX ON resistance ovs VIN < V(AVCC) 10 200 1900 Q

(1) ADC120N =1, REFON =0, SHT0 =0, SHT1 =0, ADC12DIV =0

(2) The leakage current is specified by the digital I/O input leakage.

(3) The analog input voltage range must be within the selected reference voltage range Vg, to Vg_ for valid conversion results. If the
reference voltage is supplied by an external source or if the internal voltage is used and REFOUT = 1, then decoupling capacitors are
required. See Section 8.43 and Section 8.44.

(4) The internal reference supply current is not included in current consumption parameter Iapc12-

8.38 12-Bit ADC, Timing Parameters
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Vee MIN TYP  MAX| UNIT
For specified performance of ADC12 linearity
parameters using an external reference 0.45 4.8 5.0
voltage or AVCC as reference!(")
fapci2cik  ADC conversion clock For specified performance of ADC12 linearity | 2.2V, 3V MHz
; - @ 0.45 24 4.0
parameters using the internal reference
For specified performance of ADC12 linearity
; - @) 0.45 24 2.7
parameters using the internal reference
Internal ADC12
fADC1ZOSC oscillator® ADC12DIV =0, fADC12CLK = fADC120$C 22V,3V 4.2 4.8 54| MHz
REFON = 0, Internal oscillator,
ADC120SC used for ADC conversion clock 22V,3V 2.4 3.1
tCONVERT Conversion time us
External fapc12cLk from ACLK, MCLK or 13 x
SMCLK, ADC12SSEL # 0 1/ fapci12cLk
N Rs =400 Q, R, =200 Q, C, = 20 pF,
tsample Sampling time T=(Rg +R)) x C @) 22V,3V 1000 ns

(1) REFOUT =0, external reference voltage: SREF2 = 0, SREF1 = 1, SREFO0 = 0. AVCC as reference voltage: SREF2 = 0, SREF1 =0,
SREFO = 0. The specified performance of the ADC12 linearity is ensured when using the ADC120SC. For other clock sources, the
specified performance of the ADC12 linearity is ensured with fapcqoc k maximum of 5 MHz.

(2) SREF2=0, SREF1=1, SREF0 =0, ADC12SR =0, REFOUT =1

(3) SREF2 =0, SREF1 =1, SREF0 =0, ADC12SR = 0, REFOUT = 0. The specified performance of the ADC12 linearity is ensured when
using the ADC120SC divided by 2.

(4) Approximately 10 Tau (1) are needed to get an error of less than +0.5 LSB:
tsample = In(2"*1) x (Rg + R;) x C, + 800 ns, where n = ADC resolution = 12, Rg = external source resistance

(5) The ADC120SC is sourced directly from MODOSC inside the UCS.

42 Submit Document Feedback Copyright © 2021 Texas Instruments Incorporated

Product Folder Links: MSP430F6438 MSP430F6436 MSP430F6435 MSP430F6433


https://www.ti.com/product/MSP430F6438
https://www.ti.com/product/MSP430F6436
https://www.ti.com/product/MSP430F6435
https://www.ti.com/product/MSP430F6433
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLAS720F&partnum=MSP430F6438
https://www.ti.com/product/msp430f6438?qgpn=msp430f6438
https://www.ti.com/product/msp430f6436?qgpn=msp430f6436
https://www.ti.com/product/msp430f6435?qgpn=msp430f6435
https://www.ti.com/product/msp430f6433?qgpn=msp430f6433

I,

TEXAS
INSTRUMENTS

www.ti.com

MSP430F6438, MSP430F6436, MSP430F6435, MSP430F6433
SLAS720F — AUGUST 2010 — REVISED SEPTEMBER 2020

8.39 12-Bit ADC, Linearity Parameters Using an External Reference Voltage

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

PARAMETER TEST CONDITIONS Vce MIN TYP MAX| UNIT
1.4V < dVREF < 1.6 V(Y +2
E| Integral linearity error(® 22V,3V LSB
1.6V <dVREF (1 +1.7
Ep Differential linearity error(2) See (M 22V,3V +1| LSB
dVREF < 2.2 V(") 22V, 3V +3 +5.
Eo Offset error(®) LSB
dVREF > 2.2 V() 22V,3V +1.5 +3.
Es Gain error(®) See (M 22V,3V £1 + LSB
_ dVREF < 2.2 V() 22V,3V 35 %
Er Total unadjusted error LSB
dVREF > 2.2 V() 22V, 3V 12 5

M

)
©)

8.40 12-Bit ADC, Linearity Parameters Using AVCC as Reference Voltage

The external reference voltage is selected by: SREF2 = 0 or 1, SREF1 = 1, SREFO0 = 0. dVREF = VRs - V.. VR+ <AVCC. Vg_> AVSS.
Unless otherwise mentioned, dVREF > 1.5 V. Impedance of the external reference voltage R < 100 Q, and two decoupling capacitors,
10 yF and 100 nF, should be connected to VREF+/VREF- to decouple the dynamic current. See also the MSP430F5xx and

MSPA430F6xx Family User's Guide.

Parameters are derived using the histogram method.
Parameters are derived using a best fit curve.

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

PARAMETER TEST CONDITIONS Vce MIN TYP MAX| UNIT
= Integral linearity error(® See (™ 22V,3V +1.7| LSB
Ep Differential linearity error(2) See (™ 22V,3V 1| LSB
Eo Offset error(® See () 22V,3V +1 +2| LSB
Eg Gain error(® See (1) 22V,3V *2 +4| LSB
Et Total unadjusted error See (1) 22V,3V *2 +5| LSB

(1) AVCC as reference voltage is selected by: SREF2 = 0, SREF1 = 0, SREF0 = 0.

(2) Parameters are derived using the histogram method.

(3) Parameters are derived using a best fit curve.

8.41 12-Bit ADC, Linearity Parameters Using the Internal Reference Voltage

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

PARAMETER TEST CONDITIONS() Vce MIN TYP MAX| UNIT

ADC12SR =0, REFOUT =1 f <4.0 MHz +1.7

= Integral linearity error(® ADCT2CLK 22V,3V LSB
ADC12SR = 0, REFOUT =0 fADC12CLK <2.7 MHz +2.5
ADC12SR = 0, REFOUT = 1 fapciacLk < 4.0 MHz -1 +1.5

E Differential ADC12SR = 0, REFOUT = 1 f <2.7 MHz 22V,3V +1| LSB

b linearity error(® ) ADC12CLK < 2. 2V, +

ADC12SR = 0, REFOUT = 0 fapcizcik < 2.7 MHz -1 +2.5
ADC12SR = 0, REFOUT =1 f <4.0 MHz 12 4

Eo Offset error® ADCTZCLK 22V,3V LSB
ADC12SR = 0, REFOUT = 0 fapc12cik < 2.7 MHz +2 +4
ADC12SR =0, REFOUT =1 f <4.0 MHz +1 +2.5| LSB

Es Gain error(®) ADCT2CLK 22V,3V
ADC12SR = 0, REFOUT =0 fADC12CLK <2.7 MHz +1%®)| VREF
ADC12SR =0, REFOUT = 1 fapc12cLk < 4.0 MHz +2 +5| LSB

Er Total unadjusted error 22V, 3V
ADC12SR = 0, REFOUT = 0 fapciz2cLk < 2.7 MHz +1%@4 | VREF

M
@)
(©)
4)

The external reference voltage is selected by: SREF2 = 0, SREF1 = 0, SREFO = 1. dVREF = Vg, - Vg..
Parameters are derived using the histogram method.
Parameters are derived using a best fit curve.

The gain error and the total unadjusted error are dominated by the accuracy of the integrated reference module absolute accuracy. In
this mode the reference voltage used by the ADC12_A is not available on a pin.
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8.42 12-Bit ADC, Temperature Sensor and Built-In Vyp

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

PARAMETER TEST CONDITIONS Vee MIN TYP MAX| UNIT
v Temperature sensor voltage® ADC120N = 1, INCH = 0Ah, 22V 680 mv
SENSOR (see )Figure 8-16 Ta=0°C 3V 680
o 22V 2.25
TCsensor  pombepature coeffictent of ADC120N = 1, INCH = 0Ah = — mV/C
) Sample time required if ADC120N = 1, INCH = OAh, 22V 100 s
SENSOR(sample)  channel 10 is selected®) Error of conversion result < 1 LSB 3V 100 H
. ADC120N = 1, INCH = 0Bh 22V 1.06 11 114
V AV divider at channel 11 ’ ’ \Y
B ce Vo = 0.5 % Vavce 3V 146 15 154
Sample time required if ADC120N = 1, INCH = 0Bh,
tvmiD(sample) channel 11 is selected® Error of conversion result < 1 LSB 22V,3V | 1000 ns

(1)  The temperature sensor is provided by the REF module. See the REF module parametric, Irgr+, regarding the current consumption of
the temperature sensor.

(2) The temperature sensor offset can be significant. TI recommends a single-point calibration to minimize the offset error of the built-in
temperature sensor. The TLV structure contains calibration values for 30°C +3°C and 85°C +3°C for each of the available reference
voltage levels. The sensor voltage can be computed as Vsgnse = TCsensor X (Temperature,°C) + Vsensor, where TCsensor and
Vsensor can be computed from the calibration values for higher accuracy. See also the MSP430F5xx and MSP430F6xx Family User's
Guide.

(3) The typical equivalent impedance of the sensor is 51 kQ. The sample time required includes the sensor-on time tsensor(on)-

(4)  The on-time tymip(on) is included in the sampling time tymipsample); NO additional on time is needed.
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Figure 8-16. Typical Temperature Sensor Voltage
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8.43 REF, External Reference

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

PARAMETER TEST CONDITIONS Vee MIN MAX| UNIT
Positive external reference
VeREF+ voltage input Verer+ > Vrer/Verer- @ 14 AVgc| V
Negative external @)
VRer-/Verer- reference voltage input Verer+ > VRer/VeRer- 0 121 v
VeREF+ — Differential external )
VRer/Verer. reference voltage input Verer+ > VRer/VeREF- 14 AVge| V
1.4V £ Verer+ < Vavee » Verer- =0V,
fapcizcik = 5 MHz, ADC12SHTx = 1h, 22V,3V -26 26
Conversion rate 200 ksps
verer+ IVREF/  gtatic input current P pA
VeREF- 14V =< VeREF+ < VAVCC s VeREF- =0V,
fapcizcik = 5 MHz, ADC12SHTx = 8h, 22V,3V -1.2 +1.2
Conversion rate 20 ksps
Capacitance at VREF+ or
Cvrer- VREF- terminal(®) 10 WF

(1) The external reference is used during ADC conversion to charge and discharge the capacitance array. The input capacitance, C;, is
also the dynamic load for an external reference during conversion. The dynamic impedance of the reference supply should follow the
recommendations on analog-source impedance to let the charge settle for 12-bit accuracy.

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

accuracy requirements.

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

accuracy requirements.

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

reduced accuracy requirem