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MSP430F663x Mixed-Signal Microcontrollers
1 Features — USCI_AO0 and USCI_A1 each support:

* Low supply voltage range: 1.8 Vto 3.6 V
* Ultra-low power consumption
— Active mode (AM):
All system clocks active:
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:
1.8 A at2.2V, 2.1 pAat 3.0V (typical)
— Shutdown real-time clock (RTC) mode
(LPM3.5):
Shutdown mode, active RTC with crystal:
1.1 pA at 3.0 V (typical)
— Shutdown mode (LPM4.5):
0.3 yA at 3.0 V (typical)
»  Wake up from standby mode in 3 us (typical)
» 16-bit RISC architecture, extended memory, up to
20-MHz system clock
* Flexible power-management system
— Fully integrated LDO with programmable
regulated core supply voltage
— Supply voltage supervision, monitoring, and
brownout
» Unified clock system
— FLL control loop for frequency stabilization
— Low-power low-frequency internal clock source
(VLO)
— Low-frequency trimmed internal reference
source (REFO)
— 32-kHz crystals (XT1)
— High-frequency crystals up to 32 MHz (XT2)
» Four 16-bit timers with 3, 5, or 7 capture/compare
registers

« Two universal serial communication interfaces
(USCils)

3 Description

* Enhanced UART supports automatic baud-
rate detection

» IrDA encoder and decoder

* Synchronous SPI
— USCI_BO0 and USCI_B1 each support:

+ 12C

* Synchronous SPI
Full-speed universal serial bus (USB)
Integrated USB-PHY
Integrated 3.3-V and 1.8-V USB power system
Integrated USB-PLL
Eight input and eight output endpoints
12-bit analog-to-digital converter (ADC) with

internal shared reference, sample-and-hold, and
autoscan feature

Dual 12-bit digital-to-analog converters (DACs)
with synchronization

Voltage comparator

Integrated liquid crystal display (LCD) driver with
contrast control for up to 160 segments
Hardware multiplier supports 32-bit operations

Serial onboard programming, no external
programming voltage needed

6-channel internal DMA

RTC module with supply voltage backup switch
Device Comparison summarizes the available
family members

2 Applications

Analog and digital sensor systems
Digital motor control

Remote controls

Thermostats

Digital timers

Hand-held meters

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 MSP430F663x devices are microcontrollers with a high-performance 12-bit ADC, a comparator, two USCls,
USB 2.0, a hardware multiplier, DMA, four 16-bit timers, an RTC module with alarm capabilities, an LCD driver,

and up to 74 1/O pins.

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

Device Information

PART NUMBER(") PACKAGE BODY SIZE®
MSP430F6638IPZ LQFP (100) 14 mm x 14 mm
MSP430F6638IZCA nFBGA (113) 7mm x 7 mm
MSP430F66381ZQW?) 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 MSP430F6638, MSP430F6637, and MSP430F6636

devices.
XIN XOUT DVee DVe AV, AVe RSTNMI PA PB PC PD
A ‘ ‘ ‘ ‘ ‘ P1.x,, P2.x,, P3.x, P4.x, P5x, P6.x , P7.x, P8Xx P9.x|
A v v v Y — 2
XT2IN —1]
Unified [ ACLK 16KB Power SYS ”gfggs I/F?spglzs /O Ports /O Ports [ 1/0 Ports Usclo,
Clock 256KB RAM Management| [ =777 77 2!8’ 1/0s Z!BY /o PS5, P8 P7, P8 P9 usci
XT20UT 41— system | pSMCLK 192KB Watchdog S 2x8 1/0s 1x6 1/0s 1x8 1/Os UsB
128KB +2KBRAM| | |L______ Interrupt Interrqpt 1x8 I/Os Ax: UART
USB Buffer LDoO, p2port || Capability | [ Capability DA, SPI || Full-speed
Flash SVM, SVS Mapping PE !
MeLK +8B Backup wnout || Controll PA PB PC PD - apl P
RAM Brownout | | Controller {1 4,46 o5 || 1x1610s || 1x16 10s || 1x14y0s || 17"OS ||Bx SPLFC
CPUXV2
and
Working
Registers
EEM
(L: 8+2) A
TA1 and RTC B ADC12_A DAGI2 A
TAO TA2 TBO - - C12_ REF o8 || 6 channel
,,,,,,, 1l
JSTQ\?\/ MPY32 Timer_A || 2 Timer_A Timer_B CRC16 Comp_B 200 ksps P LZ bit | Reference 160
Interface 5CC each with 7cC Battery 16 channels | 2 Shannels 1115 v, 2.0V, (| Segments
Registers 3cc Registers Backup (1%\ e‘xt, 4int) || voltage out 25V
| »| PortPy Registers System utoscan
Pox T L S— 1 3

Figure 4-1. Functional Block Diagram — MSP430F6638, MSP430F6637, MSP430F6636

Figure 4-2 shows the functional block diagram for the MSP430F6635, MSP430F6634, and MSP430F6633

devices.
XIN XOUT DV.e DVi AV, AV, RST/NMI PA PB PC PD
A ‘ ‘ ‘ ‘ ‘ P1.x), P2.x|, P3.x, P4.x|, P5x, P6.x, P7.x], P8.Xx P9.x
v v v v v 3 + 4 1
A A
XT2IN —1] 1/10 P
- 16KB orts 1/0 Ports 1/0 Ports 1/0 Port:
Unified [ ACLK J56KE o " Power } | _sys 1. P2 P3. P4 P5 P6 o gss I/OFlfgorts usclo, UsB
XT20UT 4f—| Siock 192KB oMM | Watehdog || 2:8V0s || 2x810s || 2x8W0s || 1x610s || 1x5 10s usen
System |- SMCLK 128K8 +2KB RAM 9 Interrupt Interrupt 1x8 1/0s . Full-speed
vssgater] | e NFTot Capabilty || Capability Axc UART,
U LDO, P2 Port IrDA, SPI
Flash SVM, SVS, || Mapping PE
MCLK +8B Backup) PA PB PC PD § 2
RN Brownout | [ Controller || 4,46 /08 1x16 1/0s || 1x16 1/0s 1x14 10s 1x81/0s [|Bx: SPI, I'C
CPUXV2
and
Working
Registers
EEM
(L:8+2) At ADC12 A DMA
an RTC_B
TAO TA2 TBO 12 bit REF LCD_B || 6 Channel
”””” 200 ksps
JTAG, MPY32 Timer A || 2Timer_ A || Timer B CRC16 Comp_B P Reference 160
SBW 5CC each with 7CC Battery 16 channels 1.5V, 2.0V,|| Segments
Interface Registers 3CC Registers Backup (12 ext, 4 int) 25V
Registers System Autoscan
P PortPy
Px ) L) [ )

Figure 4-2. Functional Block Diagram — MSP430F6635, MSP430F6634, MSP430F6633
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Figure 4-3 shows the functional block diagram for the MSP430F6632, MSP430F6631, and MSP430F6630

devices.
XIN XOUT DV,, DVi AV, AV,  RSTINMI PA PB
A ‘ ‘ ‘ ‘ P1.x, P2.x, P3.x|, P4.x P9.x
v v Vv v 4
XT2IN —-]
Unified [ ACLK 16KB Power I/FO’1Pgr2ts I/FO’SPgals /0 Ports usclo, UsB
XT20UT 4] Clock 256KB RAM Management| 2x8 1/0s 2x8 1/0s P9 uscH
System [p»-SMCLK ggﬁg +2KB RAM Interrupt Interrupt 1x8 1/0s Ax: UART Full-speed
USB Buffer LDO Capability Capability \'DA SPIY
Flash SVM, SVS PE '
MCLK +8B Backu ot PA PB _
RAM Brownout 1x16 0s || 1x16 1/0s 1x81/0s [1Bx: SPI, IC
CPUXV2
and

Working
Registers

EEM
(L: 8+2) OMA

TA1 and
TAO TA2 TBO REF e B || 6 channel

JTAG, MPY32 Timer_A 2 Timer_A Timer_B CRC16 Comp_B Reference 160

SBW 5CC each with 7CC 1.5V, 2.0V,|| Segments
Interface Registers 3CC Registers 25V

Registers
> Port Py
PJ.x * l +

Figure 4-3. Functional Block Diagram — MSP430F6632, MSP430F6631, MSP430F6630
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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 F to revision G

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 (MSP430F6637,
MSP430F6632, MSP430F6631, and MSP430F6630 in ZQW) .....coouuiiiiiiiiiiee et 8
* Updated the list of devices available in the 113-Pin ZQW package in the caption of Figure 7-4 ...................... 9
» Changed the MAX value of the Iggrase and Iverase; Isank parameters in Section 8.57, Flash Memory ......... 57
» Corrected the connection of the P7SEL.x signal in Figure 9-11, Port P7 (P7.4 to P7.7) Diagram ................ 102

Changes from revision E to revision F

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 8
» Added typical conditions statements at the beginning of Section 8, Specifications ..............ccccocveviveeiiiiiicennns 19
+ 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 32
» Updated notes (1) and (2) and added note (3) in Section 8.27, Wake-up Times From Low-Power Modes and
0= = SR 34
* 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. 44
* 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 52
+ 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 54
* Renamed FCTL4.MGRO and MGR1 in the fyc k mgr pParameter in Section 8.57, 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 57
» Replaced former section Development Tools Support with Section 10.3, Tools and Software ...................... 114

Changes from revision D to revision E

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 8
* Added Section 6, Device Comparison, and moved Table 6-1 t0 it.............ccoeciiiiiiiiii e, 8
* 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 13
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 19
* Added note to CVCORE ..................................................................................................................................... 19
L o o [=Yo B g o) (=0 (o 3N 2= PO USURR 24
* Changed TYP value of C|_¢¢ with Test Conditions of "XTS = 0, XCAPx =0"from2 pFto 1 pF....................... 28
* In Vpars parameter description, changed from "Vgats # Veat/3" t0 "VBaTs = VBAT/3" oot 36
+ Changed from fpac12 oout t0 foac12_10uT in the first row of the Test Conditions for the "Channel-to-channel

CrOSSTAIK" PArAMELET ... ettt e oo e e e ettt e e et e e e e e e e e e bbb et e e e e e e e e e e e aaaaane 53
+ Changed the value of DAC12_xDAT from 7F7h to F7Fh and changed the x-axis label from froggie t0 1/froggie i

Figure 8-22, Crosstalk TeSt CONGILIONS ...............uuueeeeiiie ettt e e e e e e e e e e e eeeaaaeeeeaaaans 53
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» Corrected the spelling of the MRG bits in the fycLk Mre Parameter in Section 8.57, Flash Memory .............. 57
* Removed RTC_B from LPM4.5 Wake-UP OPLIONS.......cooiiiiiiiiiiiiiieeeee ettt a e e 60
* Throughout document, changed all instances of "bootstrap loader" to "bootloader" ............cccoceeiiiiiiininnn. 63
* Added the paragraph that starts "Using the MSP430 RTC B Module With Battery Backup Supply describes

(010 OSSP OUPRRRO 67
» Corrected names of interrupt events PMMSWBOR (BOR) and PMMSWPOR (POR) in Table 9-11, System

Module INterrupt VECIOr REQISTEIS ........uuueeeeeeee ettt s e e e e e e e e e e e aaaaeaeeeeeeeeeaeaeaessnnnnnnnnnn 68
» Corrected spelling of NMIIFG (added missing "I") in Table 9-11, System Module Interrupt Vector Registers ....

68
» Corrected register acronyms (added "USB" prefix as required) in Table 9-50, USB Control Registers .......... 75

* Added connection from "LCDS40...LCDS42" to AND gate in Figure 9-7, Port P5 (P5.2 to P5.7) Diagram .... 97
* Added P7SEL.2 and XT2BYPASS inputs with AND and OR gates in Figure 9-10, Port P7 (P7.3) Diagram 101

* Changed P7SEL.3 column from X t0 0 for "P7.3 (I/O)" FOWS.....c.cciiuiiieeiiiiiiee et sitee et e e e 101

* Added Section 10 and moved Development Tools Support, Device and Development Tool Nomenclature,
Trademarks, and Electrostatic Discharge Caution SeCtions t0 it............ooccuiiiiiiii e, 112

* Added Section 11, Mechanical, Packaging, and Orderable Information .................ccccccoiniviiiiiniineciniieennn, 119

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

REVISION COMMENTS
Table 7-1, Added note regarding pullup resistor to RST/NMI/SBWTDIO pin.
Added Applications, Development Tools Support, and Device and Development Tool Nomenclature
SLAS566D Section 9.12.1, Changed the description of the number of I/Os in each port.
August 2013 Table 9-19, Added PM5CTLDO register.
9 Section 8.45, Fixed typo in Ipp Test Conditions (changed from DAC12I0G to DAC120G).
Section 8.54, Corrected V|_and Vy limits.
Section 857, Changed IERASE and IMERASE» IBANK limits.
Changed description of ACLK and PUR in Table 7-1.
Changed typos to Interrupt Flag names on Timer TA2 rows in Table 9-3.
Changed SYSRSTIV, System Reset offset 1Ch to Reserved in Table 9-11.
SLAS566C Corrected names of SVMLVLRIFG and SVMHVLRIFG bits in Table 9-11.
Auqust 2012 Added note regarding evaluation of PUR in Section 9.7.1.
9 Changed notes on Section 8.44.
Changed tsensor(sampley MIN to 100 ps in Section 8.42.
Changed note (2) in Section 8.42.
Editorial changes throughout.
SLAS566B .
August 2011 Production Data release
SLAS566A S . ) I
July 2010 Updated Product Preview including electrical specifications
SLAS566 )
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6 Device Comparison
Table 6-1 summarizes the available family members.

Table 6-1. Device Comparison

USCI_A:
FLASH | SRAM | _. A = USCI_B: | ADC12_A | DAC12_A | Comp_B
(1) 2 @) (4) = = = =
DEVICE' (KB) (KB)® Timer_A®) | Timer_B! UART, SPI, 2C (Ch) (Ch) (Ch) usB /0 | PACKAGE
IrDA, SPI

100 PZ,

MSP430F6638 256 16 + 2 53,3 7 2 2 12 ext, 4 int 2 12 Yes 74 113 ZCA,
113 zQW

MSP430F6637 192 16 + 2 53,3 7 2 2 12 ext, 4 int 2 12 Yes 74 100 PZ

100 PZ,

MSP430F6636 128 16 +2 53,3 7 2 2 12 ext, 4 int 2 12 Yes 74 113 ZCA,
113 ZQW

MSP430F6635 256 16 +2 53,3 7 2 2 12 ext, 4 int - 12 Yes 74 100PZ,
T ' 113 ZzQW

100 PZ,

MSP430F6634 192 16 +2 53,3 7 2 2 12 ext, 4 int - 12 Yes 74 113 ZCA,
113 ZQW

100 PZ,

MSP430F6633 128 16 +2 53,3 7 2 2 12 ext, 4 int - 12 Yes 74 113 ZCA,
113 ZQW

MSP430F6632 256 16 +2 53,3 7 2 2 - - 12 Yes 74 100 PZ

MSP430F6631 192 16 +2 53,3 7 2 2 - - 12 Yes 74 100 PZ

MSP430F6630 128 16 + 2 53,3 7 2 2 - - 12 Yes 74 100 PZ

(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) The additional 2KB of USB SRAM that is listed can be used as general-purpose SRAM when USB is not in use.

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 MSP430F6638

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

Reference designs for MSP430F6638

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 MSP430F6638, MSP430F6637, and MSP430F6636 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) — MSP430F6638, MSP430F6637, MSP430F6636
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Figure 7-2 shows the pinout for the MSP430F6635, MSP430F6634, and MSP430F6633 devices in the 100-pin
PZ package.
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CAUTION: LCDCAP/R33 must be connected to DVgg if not used.
Figure 7-2. 100-Pin PZ Package (Top View) — MSP430F6635, MSP430F6634, MSP430F6633
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Figure 7-3 shows the pinout for the MSP430F6632, MSP430F6631, and MSP430F6630 devices in the 100-pin
PZ package.
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CAUTION: LCDCAP/R33 must be connected to DVgg if not used.
Figure 7-3. 100-Pin PZ Package (Top View) - MSP430F6632, MSP430F6631, MSP430F6630
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Figure 7-4 shows the pinout for devices in the 113-pin ZCA or ZQW package.

and descriptions.

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

Figure 7-4. 113-Pin ZCA or ZQW Package (Top View) — MSP430F6638, MSP430F6636, MSP430F6635,

MSP430F6634, MSP430F6633
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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

NO.

(4)

NAME
PZ

ZCA,
ZQW

o™

DESCRIPTION

P6.4/CB4/A4 1

A1

110

General-purpose digital 1/0
Comparator_B input CB4
Analog input A4 — ADC (not available on F6632, F6631, and F6630 devices)

P6.5/CB5/A5 2

B2

110

General-purpose digital 1/0
Comparator_B input CB5
Analog input A5 — ADC (not available on F6632, F6631, and F6630 devices)

P6.6/CB6/A6/DACO 3

B1

110

General-purpose digital 1/0

Comparator_B input CB6

Analog input A6 — ADC (not available on F6632, F6631, and F6630 devices)
DAC12.0 output (not available on F6635, F6634, F6633, F6632, F6631, and F6630
devices)

P6.7/CB7/A7/DAC1 4

c2

110

General-purpose digital 1/0

Comparator_B input CB7

Analog input A7 — ADC (not available on F6632, F6631, and F6630 devices)
DAC12.1 output (not available on F6635, F6634, F6633, F6632, F6631, and F6630
devices)

P7.4/CB8/A12 5

C1

110

General-purpose digital 1/0
Comparator_B input CB8
Analog input A12 —ADC (not available on F6632, F6631, and F6630 devices)

P7.5/CB9/A13 6

C3

110

General-purpose digital 1/0
Comparator_B input CB9
Analog input A13 — ADC (not available on F6632, F6631, and F6630 devices)

P7.6/CB10/A14/DACO 7

D2

110

General-purpose digital 1/0

Comparator_B input CB10

Analog input A14 — ADC (not available on F6632, F6631, and F6630 devices)
DAC12.0 output (not available on F6635, F6634, F6633, F6632, F6631, and F6630
devices)

P7.7/CB11/A15/DAC1 8

D1

110

General-purpose digital 1/0

Comparator_B input CB11

Analog input A15 — ADC (not available on F6632, F6631, and F6630 devices)
DAC12.1 output (not available on F6635, F6634, F6633, F6632, F6631, and F6630
devices)

P5.0/VREF+/VeREF+ 9

D4

110

General-purpose digital 1/0
Output of reference voltage to the ADC
Input for an external reference voltage to the ADC

P5.1/VREF-/VeREF- 10

E4

110

General-purpose digital 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 1"

E1,
E2

Analog power supply

AVSS1 12

F2

Analog ground supply

XIN 13

F1

Input terminal for crystal oscillator XT1

XOouT 14

G1

Output terminal of crystal oscillator XT1

AVSS2 15

G2

Analog ground supply

P5.6/ADC12CLK/DMAEO 16

H1

110

General-purpose digital 1/O
Conversion clock output ADC (not available on F6632, F6631, and F6630 devices)
DMA external trigger input

P2.0/P2MAPO 17

G4

110

General-purpose digital I/O with port interrupt and mappable secondary function
Default mapping: USCI_BO SPI slave transmit enable; USCI_AO clock input/output
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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
P2.1/P2MAP1 18 H2 o Default mapping: USCI_BO SPI slave in/master out; USCI_BO I2C data
General-purpose digital I/O with port interrupt and mappable secondary function
P2.2/P2MAP2 19 I Vo Default mapping: USCI_BO SPI slave out/master in; USCI_BO I2C clock
General-purpose digital I/O with port interrupt and mappable secondary function
P2.3/P2MAP3 20 H4 Vo Default mapping: USCI_BO clock input/output; USCI_AO SPI slave transmit enable
General-purpose digital 1/0 with port interrupt and mappable secondary function
P2.4/P2MAP4 21 J2 Vo Default mapping: USCI_AO0 UART transmit data; USCI_AO SPI slave in/master out
P2 5/P2MAP5 22 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 /0 | Default mapping: no secondary function
Input/output port of lowest analog LCD voltage (V5)

General-purpose digital 1/0 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

DvCC1 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/O

P5.2/IR23 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 DVgg if not used.
COMO 30 J4 O |LCD common output COMO for LCD backplane
General-purpose digital 1/0
P5.3/COM1/S42 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 | I/O |LCD common output COM2 for LCD backplane
LCD segment output S41

General-purpose digital 1/0
P5.5/COM3/S40 33 J5 /O |LCD common output COMS 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

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

General-purpose digital 1/0 with port interrupt

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

LCD segment output S38

General-purpose digital 1/0 with port interrupt

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

LCD segment output S37

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

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

P1.2/TA0.1/S37 36 J6 110
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Table 7-1. Signal Descriptions (continued)

TERMINAL

NAME

@
oL 1ot DESCRIPTION

ZCA,

PZ | zaw

P1.4/TA0.3/S35

General-purpose digital 1/0 with port interrupt
38 M6 1/0 | Timer TAO CCR3 capture: CCI3A input compare: Out3 output
LCD segment output S35

P1.5/TA0.4/S34

General-purpose digital I/O 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 1/0 | 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 1/0 | Timer TA1 capture CCRO: CCIOA/CCIOB input, compare: OutO output
LCD segment output S30

P3.2/TA1.1/S29

General-purpose digital 1/0 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 I/O with port interrupt
47 M9 /0 | Timer TA2 capture CCRO0: 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 1/0 | 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 | /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 /O | 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 1/0 with port interrupt
52 | L10 | /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 /0 with port interrupt
54 | L12 | /O |Timer TBO capture CCR4: CCI4A/CCI4B input, compare: Out4 output
LCD segment output S19
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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
P4.5/TB0.5/S18 55 | L1 1/0 | Timer TBO capture CCR5: CCI5A/CCI5B input, compare: Out5 output
LCD segment output S18
General-purpose digital I/O with port interrupt
P4.6/TB0.6/S17 56 | K11 | 1/O |Timer TBO capture CCR6: CCI6A/CCI6B input, compare: Out6 output
LCD segment output S17
General-purpose digital I/O with port interrupt
P4 7/TBOOUTH/SVMOUT/S16 57 | kK12 | 10 Timer TBO: Switch all PWM outputs high impedance
SVM output
LCD segment output S16
General-purpose digital 1/0
P8.0/TBOCLK/S15 58 | J11 /0O | Timer TBO clock input
LCD segment output S15
General-purpose digital 1/0
P8.1/UCB1STE/UCA1CLK/S14 59 | J12 | 1/0O |USCI_B1 SPI slave transmit enable; USCI_A1 clock input/output
LCD segment output S14
General-purpose digital 1/O
P8.2/UCA1TXD/UCA1SIMO/S13 | 60 | H11 | I/O |USCI_A1 UART transmit data; USCI_A1 SPI slave in/master out
LCD segment output S13
General-purpose digital 1/0
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
DVvCC2 64 | F12 Digital power supply
General-purpose digital 1/O
P8.5/UCB1SIMO/UCB1SDA/S10 | 65 | F11 | I/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 1/0
P8.7/S8 67 | B12 | 1O LCD 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 Vo LCD segment output S6
General-purpose digital 1/0
P9.2/85 70 | D12} 10 LCD segment output S5
General-purpose digital 1/0
P9.3/S4 & D11 | VO 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 73| c12) o LCD segment output S2
General-purpose digital 1/O
P9.6/S1 74 | cno LCD segment output S1
General-purpose digital 1/0
P9.7/S0 75 D9 Vo LCD segment output SO
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Table 7-1. Signal Descriptions (continued)

TERMINAL
(4)
NO® | yom DESCRIPTION
NAME ZCA,
PZ |zaw
B11,
VSSU 76 B12 USB PHY ground supply
General-purpose digital I/O, controlled by USB control register. Port U is supplied
PU.0/DP 77 | A12 | 1/O |by the LDOO rail.
USB data terminal DP
USB pullup resistor pin (open drain). The voltage level at the PUR pin is used to
PUR 78 | B10 | /O [invoke the default USB BSL. Tl recommends a 1-MQ resistor to ground. See
Section 9.7.1 for more information.
General-purpose digital 1/0, controlled by USB control register. Port U is supplied
PU.1/DM 79 | A11 | 1/O |by the LDOO rail.
USB data terminal DM
VBUS 80 | A10 USB LDO input (connect to USB power source)
VUSB 81 A9 USB LDO output
V18 82 B9 USB regulated power (internal use only, no external current loading)
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 Cpgak 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 | 1/O RTCCLK output
DvCC3 89 A6 Digital power supply
DVSS3 90 A5 Digital ground supply
TEST/SBWTCK 91 B6 | Test m_odg pin; selects digital /0 on JTAG pins
Spy-Bi-Wire input clock
General-purpose digital 1/0
PJ.0O/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.2ITMS 04 E7 /o General-purpose digital 1/0
Test mode select
PJ.3/TCK 5 D6 /o General-purpose digital 1/0
Test clock
Reset input (active low)(®)
ST/NMI/SBWTDIO 96 A3 1/0 |Nonmaskable interrupt input
Spy-Bi-Wire data input/output
General-purpose digital 1/0
P6.0/CB0/AO 97 B4 /0 |Comparator_B input CBO
Analog input AO — ADC (not available on F6632, F6631, and F6630 devices)
General-purpose digital /0
P6.1/CB1/A1 98 B3 1/O |Comparator_B input CB1
Analog input A1 — ADC (not available on F6632, F6631, and F6630 devices)
General-purpose digital 1/0
P6.2/CB2/A2 99 A2 /0 |Comparator_B input CB2
Analog input A2 — ADC (not available on F6632, F6631, and F6630 devices)
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Table 7-1. Signal Descriptions (continued)

TERMINAL

NO.4)

NAME

PZ

ZCA,
ZQwW

o™

DESCRIPTION

P6.3/CB3/A3

100

D5

110

General-purpose digital 1/0
Comparator_B input CB3
Analog input A3 — ADC (not available on F6632, F6631, and F6630 devices)

Reserved

N/A

ES5,
E6,
ES,
F4,
F5,
F8,
G5,
G8,
H5,
H8,

H9

Reserved. Tl 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

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. 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.

8.3 Recommended Operating Conditions

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 = \
DVec = Vo) @ PMMCOREVx =0, 1, 2 22 3.6
PMMCOREVx=0,1,2,3 24 3.6
PMMCOREVx = 0 1.8 3.6
Supply voltage during USB operation, USB PLL disabled |PMMCOREVx =0, 1 2.0 3.6
(USB_EN =1, UPLLEN = 0) PMMCOREVx =0, 1, 2 22 36
Vece,use \
PMMCOREVx =0, 1, 2, 3 24 3.6
Supply voltage during USB operation, USB PLL enabled(® | PMMCOREVx =2 2.2 3.6
(USB_EN =1, UPLLEN = 1) PMMCOREVx =2, 3 24 3.6
Vv Supply voltage (AVSS1 = AVSS2 = AVSS3 = DVSS1 = 0 Vv
S8 DVSS2 = DVSS3 = Vgg)
v Back v volt th RTC tional Ta=0°C to 85°C 1.55 3.6 v
ackup-su voltage wi operationa
BATRTC p-stpply votiag P T = —40°C to +85°C 1.70 36
VBATMEM Backup-supply voltage with backup memory retained Tp =-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
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8.3 Recommended Operating Conditions (continued)

MIN NOM MAX| UNIT

Cvcore Capacitor at VCORE®) 470 nE
gDVCC/ Capacitor ratio of DVCC to VCORE 10
VCORE

PMMCOREVXx = 0,
1.8V<sVcc<36V 0 8.0
(default condition)

PMMCOREVXx = 1,
Processor frequency (maximum MCLK frequency)® ©) |5\ <y <36V 0 120

fsvsTem (see Figure 8-1) MHz
PMMCOREVx = 2, 0 16.0
22V<Vcc<s36V ’
PMMCOREVx = 3,
24V <Vcc<s36V 0 20.0
fsystem_ use  Minimum processor frequency for USB operation 15 MHz
USB_wait Wait state cycles during USB operation 16 cycles

(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.

(6) USB operation with USB PLL enabled requires PMMCOREVx 2 2 for proper operation.
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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:(’IEE%ILg'IagN 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. USB disabled (VUSBEN = 0, SLDOEN = 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)

@)
®)
©

(10)
(11

(12)

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

USB disabled (VUSBEN = 0, SLDOEN = 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,SCGO0 = 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.

USB disabled (VUSBEN = 0, SLDOEN = 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,SCG1 = 1, OSCOFF = 0 (LPM3), facLk = 32768 Hz, fucik = fsmok = foco = 0 MHz

USB disabled (VUSBEN = 0, SLDOEN = 0).

Current for watchdog timer clocked by VLO included.
CPUOFF = 1,SCG0 = 1,SCG1 = 1, OSCOFF =
USB disabled (VUSBEN = 0, SLDOEN = 0).
CPUOFF = 1,S8CG0 = 1,SCG1 = 1, OSCOFF
USB disabled (VUSBEN = 0, SLDOEN = 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.

Vygar = Vec = 0.2V, foco = fmctk = fsmerk = 0 MHz, facik

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

foco =fumck = fsmek = 0 MHz, facik = 32768 Hz, PMMREGOFF = 1, RTC in backup domain active, no current drawn on VBAK

0 (LPM3), facik = fmcik = fsmek = foco = 0 MHz

1 (LPM4), fpco = factk = fmek = fsmok = 0 MHz

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

N o 1.8V 0.80 1.40

ViT+ Positive-going input threshold voltage 3V 150 210 \%
. o 1.8V 0.45 1.00

Vit Negative-going input threshold voltage 3V 075 165 \

Viys  Input voltage hysteresis (Vir. — Vir_) 18V 03 08 \Y
3V 0.4 1.0

Rpuai Pullup or pulldown resistor(® Eg: gﬂ::zg;vvn':"‘vzmvj’flcc 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 Vece MIN MAX| UNIT

Port P1, P2, P3, P4: P1.x to P4.x,

: i iming®
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.

2) An external signal sets the interrupt flag every time the minimum interrupt pulse duration t,y is met. It may be set by trigger signals
(int)
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.

(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.

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, lioHmax) @nd lioLmax), for all outputs combined should not exceed +48 mA to hold the maximum voltage
drop specified.

(2)  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

M
)
(©)

The maximum total current, | oHmax) @nd l(oLmax), 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.

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)

PARAMETER TEST CONDITIONS MIN  MAX| UNIT
VCC =1.8 V, 8
¢ Port output frequency P3.4/TA2CLK/SMCLK/S27, PMMCOREVx =0 MHz
Pxy (with load) CL =20 pF, R =1kQ" or 3.2 kQ@ @ Vec =3V,
PMMCOREVx = 3 20
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,
CL =20 pF@® PMMCOREVx = 3 20

M
@)
@)

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

center tap of the divider.

Reduced drive strength of port: A resistive divider with 2 x 1.6 kQ between V¢ and Vsg is used as load. The output is connected to

the center tap of the divider.

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 8.0 I
Ve =3.0V V. =18V
P P3.2 < 70 P2 B T,=25C —|
£ 200 T,=25°C i I
9 t 6.0
S / g / I
2 / 3 /] T, =85°C
3 . = 50 |
2 15.0 T,=85°C 5 / 7
=) e /
(@] S
[ % 4.0 //
] >
- @}
: 10.0 _;' 30
- [e]
w -
s 5.0 g 20
. Qo
f = /
_3 1.0 /
0.0 0.0
00 05 10 15 20 25 30 35 0.0 0.5 1.0 1.5 2.0
V,, — Low-Level Output Voltage — V V., — Low-Level Output Voltage — V
Figure 8-2. Typical Low-Level Output Current vs Figure 8-3. Typical Low-Level Output Current vs
Low-Level Output Voltage Low-Level Output Voltage
0.0 . . 0.0 .
Ve =3.0V Ve =1.8V /
< <
£ P3.2 < oL P32
| |
= =50 =
B 20 /
3 -100 3 -30
3 =
O / o /
[ T -4.0
> (]
() >
Z -15.0 . / 3 . //
.3_9:’ TA=§5’C_/// %,—5.0_ T,=85°C
g L — ® :j._//
'§ 20,0 _——"‘ % -6.0 i
p—l : T,=25°C = T,=25°C
E L 7.0
-25.0 80
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Vor — High-Level Output Voltage — V V., — High-Level Output Voltage — V
Figure 8-4. T)_/plcal High-Level Output Current vs Figure 8-5. Typical High-Level Output Current vs
High-Level Output Voltage 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)
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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)

@
(©)
(4)

®)

(6)
@)

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.

Requires external capacitors at both terminals. Values are specified by crystal manufacturers.
Measured with logic-level input frequency but also applies to operation with crystals.

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.

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.

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.

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 25 6.0] MHz
focos,31) DCO frequency (5, 31) DCORSELx =5, DCOx = 31, MODx =0 23.7 541 MHz
focois,0) DCO frequency (6, 0) DCORSELx =6, DCOx =0, MODx =0 46 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 DCgRSE{ 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
/ /
/ /
10 / ,/ ,/
N 1/ I/ // z
T 7 7 7
= 7 7 7 Z
| / / /
) 7 7 7
w DCOx = 31 / / /
1 = - -
Il II ll
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7 7 7
7 7
/ /
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01 /DCOx=O
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 Ievgel | 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 S 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&rl\%%'t;g% jc(;i"e mode, |48V <DVee<3.6V,0mAS I(Voore) < 13 mA 1.40 v
Veores(LPM) Sﬂ%fef‘gtﬁfﬂeé 'cg"F’{"I'E‘i;”:re;t 2.4V <DVgg 3.6V, 0 PA < I(Veore) < 30 pA 1.94 Vv
Vcorea(LPM) g‘(’):jee‘,’gﬁfﬂeég’gé‘i‘;:e;t 2.2V <DVeg 3.6V, 0 pA < I(Veore) < 30 pA 1.84 Vv
Veorer(LPM) ﬁ‘(’):jee""",'t,\ngeC‘g"F’{"g‘;Tﬁ”t 2V <DVeg <3.6V, 0 pA < I(Veore) < 30 HA 164 v
Veoreo(LPM) ﬁ‘(’)fe""gt,\jﬁﬂec"c‘)’gg‘zegt 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 PM

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

M, SVM High Side

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
SVMHE =0, DVCC =36V 0 A
l(svmH) SVMy current consumption SVMHE =1, DVCC = 3.6 V, SYMHFP =0 200
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
) SVMHE = 0—1, SVSMFP = 1 12.5
tsvmH) SVMy on or off delay time SVMHE = 01, SYMHFP = 0 100 us

(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, PMMCOREYV =2 0 A
n
IisvsL) SVS, current consumption SVSLE =1, PMMCOREYV = 2, SVSLFP =0 200
SVSLE =1, PMMCOREYV = 2, SVSLFP =1 2.0 A
, SVSLE =1, dVgore/dt = 10 mV/us, SVSLFP = 1 25
tod(svsL) SVS, propagation delay us
SVSLE = 1, dVgoRre/dt = 1 mV/ps, SVSLFP =0 20
) sVS % delay i SVSLE = 0—1, SVSLFP =1 12.5
onoro elay time S
(VS - Y SVSLE = 01, SVSLFP = 0 100 g
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 A
n
lsvmy — SVMy current consumption SVMLE = 1, PMMCOREV = 2, SVMLFP =0 200
SVMLE = 1, PMMCOREYV = 2, SVMLFP =1 2.0 MA
_ SVMLE = 1, dVgore/dt = 10 mV/ps, SVMLFP = 1 25
todsvmr)  SVML propagation delay us
SVMLE = 1, dVcore/dt = 1 mV/us, SVMLFP =0 20
) SVM  delay t SVMLE = 0—1, SVMLFP =1 12.5
onoro elay time S
(SVML) t Y SVMLE = 01, SVMLFP = 0 100 g
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 < fyoLk < 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 2 3l ms
WAKE-UP-LPMS | PM4.5 to active mode(®
Wake-up time from RST or
twaKE-UP-RESET P 2 3| ms

BOR event to active mode(*)

(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 | 159 169
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 ER
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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Figure 8-11. SPI Master Mode, CKPH =0
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Figure 8-12. SPI Master Mode, CKPH =1
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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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Figure 8-13. SPI Slave Mode, CKPH =0
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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

X

| e touonr

tHD‘DAT H

\ tspﬂ k

M N

Figure 8-15. 12C Mode Timing

W el

|
\
|
||
tsusro —Je>

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
k—’li tHD,STA tSU STA *—“4—# tHD.STA tBUF 4“—"
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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 2Vto3.6V 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 A 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

laDc12_A AV terminal® fapci2cik = 5 MHz 3V 150 250 HA

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)
)
@)

4)

8.38

ADC120N = 1, REFON =0, SHT0 = 0, SHT1 = 0, ADC12DIV =0
The leakage current is specified by the digital I/O input leakage.
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.

The internal reference supply current is not included in current consumption parameter Iapc1o.

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)
@)
@)
4)
®)

REFOUT = 0, external reference voltage: SREF2 = 0, SREF1 = 1, SREF0 = 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.

SREF2 =0, SREF1 = 1, SREF0 = 0, ADC12SR = 0, REFOUT =1

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.

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

The ADC120SC is sourced directly from MODOSC inside the UCS.
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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.

1000

< 950

E

o 900

()]

g

5 850

g 800

c

&

D 750

5

® 700

[0}

Q

£ 650

|_

T 600

o

£ 550
500

-40-30-20 -10 0 10 20 30 40 50 60 70 80

Ambient Temperature (°C)

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 Vce MIN MAX| UNIT
Positive external reference
VeREF+ voltage input Verer+ > VRer/Verer- @ 14 AVee| 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+ VREF/  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 requirements.

(5) Connect two decoupling capacitors, 10 uF and 100 nF, to VREF to decouple the dynamic current required for an external reference
source if it is used for the ADC12_A. Also see the MSP430F5xx and MSP430F6xx Family User's Guide.
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8.44 REF, Built-In Reference

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

PARAMETER TEST CONDITIONS Vee MIN TYP MAX| UNIT
REFVSEL = {2} for 2.5V, o
REFON = REFOUT =1, lyggr+ =0 A 3V 25 1%
Positive built-in REFVSEL = {1} for 2V, o
VReF+ reference voltage output |REFON = REFOUT =1, lyggr+ =0 A 3V 20 #%) VvV
REFVSEL = {0} for 1.5V, o
REFON = REFOUT =1, lyrgr+ =0 A 22V.3V 15 1%
AVCC minimum voltage, REFVSEL ={0}for 1.5V 22
AVceming  Positive built-.in REFVSEL = {1} for 2 V 2.3 \Y
reference active REFVSEL = {2} for 2.5 V 2.8
ADC12SR = 16), REFON = 1, REFOUT =0,
REFBURST = 0 70 100) wA
ADC12SR = 16), REFON = 1, REFOUT =1, 045 075 mA
| Operating supply current REFBURST =0 3v ’ '
REF into AVCC terminal @ ) [aApC12SR = 06), REFON = 1, REFOUT = 0, 210 310 uA
REFBURST = 0 H
ADC12SR = 0(®), REFON = 1, REFOUT =1,
REFBURST =0 0.9 1.7] mA
REFVSEL = {0, 1, 2},
Load-current regulation, |lyrgr+ = +10 yA, —1000 pA,
ILVREFY)  VREF+ terminal®) AV = AVcemin) for each reference level, 1500 2500 V/mA
REFVSEL = {0, 1, 2}, REFON = REFOUT = 1
Capacitance at VREF+ |REFON = REFOUT = 1(9),
Curer+ terminal 0 MA < lyrer+ < lyrer+(Max) 22V.3V 20 100]  pF
Temperature coefficient |lyrer+ is a constant in the range _ ppm/
TCrer+ of built-in reference®) of 0 MA < lyrgrs+ < —1 MA REFOUT =0 22V, 3V 20 °C
Temperature coefficient |lyrgg+ is @ constant in the range _ ppm/
TCrer- of built-in reference®  |of 0 MA < lyggr+ S —1 MA REFOUT =1 22V.3V 20 50 Toc
. . AVCC = AVCC(min) to AVCC(max),
PSRR_DC Z‘ii"(‘)"e([)%)pp'y rejection |+ Z5°C, REFVSEL = {0, 1, 2}, REFON = 1, 120 300| pwv
REFOUT =0or 1
T AV¢ee = AVCC(min) to AVCC(max),
PSRR_AC gct’i"c‘)’e(;sé’)pp'y rejection ¢ Z5°c, REFVSEL = {0, 1, 2}, REFON = 1, 1 mvV/V
REFOUT =0or 1
AV¢ee = AVCC(min) to AVCC(max),
REFVSEL = {0, 1, 2}, REFOUT =0, 75
¢ Settling time of reference REFON =0 — 1 us
SETTLE  voltage® AVce = AVgg(min) to AVec(max),
CVREF = CVREF(maX), REFVSEL = {O, 1, 2}, 75
REFOUT =1, REFON =0 — 1

M

@)

®)

4
®)

(6)

The reference is supplied to the ADC by the REF module and is buffered locally inside the ADC. The ADC uses two internal buffers,
one smaller and one larger for driving the Vrgr+ terminal. When REFOUT = 1, the reference is available at the Vrgp: terminal, as well
as, used as the reference for the conversion and uses the larger buffer. When REFOUT = 0, the reference is only used as the
reference for the conversion and uses the smaller buffer.

The internal reference current is supplied by the AVCC terminal. Consumption is independent of the ADC120N control bit, unless a
conversion is active. REFOUT = 0 represents the current contribution of the smaller buffer. REFOUT = 1 represents the current
contribution of the larger buffer without external load.

Contribution only due to the reference and buffer including package. This does not include resistance due to PCB traces or other
external factors.

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)).

The condition is that the error in a conversion started after treron is less than +0.5 LSB. The settling time depends on the external
capacitive load when REFOUT = 1.

Connect two decoupling capacitors, 10 uF and 100 nF, to VREF to decouple the dynamic current required for an external reference
source if it is used for the ADC12_A. Also see the MSP430F5xx and MSP430F6xx Family User's Guide.
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(7) The temperature sensor is provided by the REF module. Its current is supplied by terminal AVCC and is equivalent to Iggg+ with

REFON =1 and REFOUT = 0.

(8) For devices without the ADC12, the parametric with ADC12SR = 0 are applicable.

8.45 12-Bit DAC, Supply Specifications

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

PARAMETER

TEST CONDITIONS

Vee

MIN TYP  MAX

UNIT

AVee  Analog supply voltage

AVCC = DVCC1 AVSS = DVSS =0V

2.20

360 V

Supply current, single DAC

oo channel( )

DAC12AMPx = 2, DAC12IR = 0,
DAC120G = 1, DAC12_xDAT = 0800h,
VeREF+ = VREF+ =15V

3V

65 110

DAC12AMPx = 2, DAC12IR = 1,
DAC12_xDAT = 0800h,
VeREF+ = VREF+ = AVcc

DAC12AMPx = 5, DAC12IR = 1,
DAC12_xDAT = 0800h,
VeREF+ = VREF+ = AV

22V, 3V

DAC12AMPx = 7, DAC12IR = 1,
DAC12_xDAT = 0800h,
VeREF+ = VREF+ = AV

125 165

250 350

750 1100

WA

PSRR Power supply rejection ratio(®) (4)

DAC12_xDAT = 800h,
VeREF+=1.5V, AAVgc = 100 mV

22V

70

DAC12_xDAT = 800h,
VeREF+=15Vor25V, AAVgc = 100 mV

3V

70

dB

(1)  No load at the output pin, DAC12_0 or DAC12_1, assuming that the control bits for the shared pins are set properly.
(2) Current into reference terminals not included. If DAC12IR = 1 current flows through the input divider; see Reference Input

specifications.

(3) PSRR =20 log (AAVcc / AVpaci2_xouT)

(4) The internal reference is not used.
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8.46 12-Bit DAC, Linearity Specifications

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted) (see Figure 8-17)
PARAMETER TEST CONDITIONS Vee MIN TYP MAX| UNIT
Resolution 12-bit monotonic 12 bits
) ) VeREF+ = 1.5V, DAC12AMPx = 7, DAC12IR =1 22V +2 +4(1)
INL Integral nonlinearity(® LSB
VeREF+ =2.5V, DAC12AMPx = 7, DAC12IR =1 3V +2 +4
VeREF+ = 1.5V, DAC12AMPx = 7, DAC12IR = 1 22V +0.4 1M
DNL Differential nonlinearity?) LSB
VeREF+ =25V, DAC12AMPx = 7, DAC12IR = 1 3V +0.4 +1
VeREF+ =15V,
DAC12AMPx =7, 22V +21(
DAC12IR = 1
Without calibration(® ()
VeREF+=25YV,
DAC12AMPx =7, 3V +21
DAC12IR = 1
Eo Offset voltage mV
VeREF+=1.5YV,
DAC12AMPx =7, 22V +1.5(1)
DAC12IR =1
With calibration(@) (3)
VeREF+ =25V,
DAC12AMPx =7, 3V 1.5
DAC12IR =1
decoydr S:;;Lg;f&femperat“re With calibration 22V,3V +10 uV/eC
VeREF+ =15V 22V 2.5
Eg Gain error %FSR
VeREF+ =25V 3V 2.5
. ppm of
Gain temperature
dgey/dr coefficient(@ 22V,3V 10 FOSg{/
DAC12AMPx = 2 165
Time for offset _
tOffset_CaI Calibration(4) DAC12AMPx = 3, 5 2.2 V, 3V 66 ms
DAC12AMPx =4,6, 7 16.5

(1)  This parameter is not production tested.

(2) Parameters calculated from the best-fit curve from 0xOF to OxFFF. The best-fit curve method is used to deliver coefficients "a" and "b"
of the first-order equation: y = a + bx. Vpac12_xout = Eo + (1 + Eg) x (VeREF+/4095) x DAC12_xDAT, DAC12IR = 1.

(3) The offset calibration works on the output operational amplifier. Offset calibration is triggered by setting the DAC12CALON bit.

(4) The offset calibration can be done if DAC12AMPx = {2, 3, 4, 5, 6, 7}. The output operational amplifier is switched off with DAC12AMPx
={0, 1}. TI recommends configuring the DAC12 module before initiating calibration. Port activity during calibration may effect accuracy
and is not recommended.

DAC V,,;

DAC Output v b
FoTTTTTT 3 Rigss = o
| | Ideal transfer
: | AV, function
|
| | 2
: : c 100 oF Offset Error Gain Error
| N H

Foad P Positive
. 7
Negative ﬂ// DAC Code

Figure 8-17. Linearity Test Load Conditions and Gain and Offset Definitions
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8.47 12-Bit DAC, Output Specifications

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

PARAMETER TEST CONDITIONS Vee MIN TYP MAX| UNIT
No load, VeREF+ = AV,
DAC12_xDAT = 0Oh, DAC12IR = 1, 0 0.005
DAC12AMPx = 7
No load, VeREF+ = AV, AV —
DAC12_xDAT = OFFFh, DAC12IR = 1, 8005 AVce
Output voltage range(!) | DAC12AMPx = 7 '
Vo ) 22V,3V \%
(see Figure 8-18) Rioag = 3 kQ, VeREF+ = AVcg,
DAC12_xDAT = Oh, DAC12IR = 1, 0 0.1
DAC12AMPx = 7
Rioad = 3 kQ, VeREF+ = AV, AV
DAC12_xDAT = OFFFh, DAC12IR = 1, 8013 AVce
DAC12AMPx = 7 '
Maximum DAC12 load
CLpaciz) capacitance 22V, 3V 100 pF
DAC12AMPx = 2, DAC12_xDAT = OFFFh, 1
; V >AVee - 0.3
ILipAc12) Maximum DAC12 load O/P(DAC12) cc 22V, 3V A
current DAC12AMPx = 2, DAC12_xDAT = 0Oh, 1
Voppaciz) <0.3V
Rioad = 3 kQ, Voppac12) < 0.3V, 150 250
DAC12AMPx = 2, DAC12_xDAT = Oh
Output resistance (see Rioad =3 kQ, VO/P(DAC12) >AVeec—-0.3YV,
Roractz) Figure 8-18) DAC12_xDAT = OFFFh 22V,3V 150 250 Q
RLoad =3 kQ, 6
0.3V = Voppaciz) S AVec — 0.3V
(1) Data is valid after the offset calibration of the output amplifier.
RO/P(DAmz,x)
i i RLoad Max o 7‘ 77777777 % o
lLoag \ \ \
— \ \ \
DAC12 AVeo \ \ \
2 \ \ \
\ \ \
O/P(DAC12 x) | Cuosa = 100 PF Min T ==+ ==+
" 03 AV —03V Vg,
AV,
Figure 8-18. DAC12_x Output Resistance Tests
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8.48 12-Bit DAC, Reference Input Specifications

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

PARAMETER TEST CONDITIONS Vee MIN TYP MAX| UNIT
i DAC12IR =01 () AVee /3 AVee +0.2
VeREF+ Reference input voltage 22V, 3V cc cc v
range DAC12IR = 1(3) (4) AVee AVge +0.2
DAC12_0IR=DAC12_1IR=0 20 MQ
R DAC12_0IR=1,DAC12_1IR=0 48
(VREF*)  Reference input resistance = = 22V,3V
Ri(veREF+) p DAC12_0IR=0,DAC12_1IR=1 , 48 KQ
DAC12_0IR=DAC12_1IR =1, o4
DAC12_0 SREFx = DAC12_1 SREFx(®)

(1)
)
@)
4)
®)

For a full-scale output, the reference input voltage can be as high as 1/3 of the maximum output voltage swing (AVCC).

The maximum voltage applied at reference input voltage terminal VeREF+ = (AVcc — Vg()) / (3 * (1 + Eg)).

For a full-scale output, the reference input voltage can be as high as the maximum output voltage swing (AVCC).

The maximum voltage applied at reference input voltage terminal VeREF+ = (AVcc — Vg()) / (1 + Eg).

When DAC12IR = 1 and DAC12SREFx = 0 or 1 for both channels, the reference input resistive dividers for each DAC are in parallel

reducing the reference input resistance.

8.49 12-Bit DAC, Dynamic Specifications

VRer = Vee, DAC12IR = 1 (see Figure 8-19 and Figure 8-20), over recommended ranges of supply voltage and operating

free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Vee MIN TYP MAX| UNIT
DAC12 xDAT = 00h, | PACT2AMPx=0— 2,3, 4) 60 120
ton  DAC12on time Erroryoy < 0.5 LSB() |DAC12AMPx=0— (5,6} | 2.2V,3V 15 30| ps
(see Figure 8-19) DAC12AMPX =0 — 7 6 12
DAC12AMPx = 2 100 200
. DAC12_xDAT = -
tsps)  Settingtime, fullscale | o7 AN ™ DAC12AMPx = 3, 5 22V,3V 40 80| us
DAC12AMPx = 4, 6, 7 15 30
- DAC12_xDAT = DACT2AMPX = 2 °
tsc.0) f:ét('e'”g time, codeto | 3pan T408h —» 3F8h, |DAC12AMPX =3, 5 22V,3V 2 us
BF8h — C08h — BF8h [prcioavio — 2 6 7 ;
DAC12AMPx = 2 005 035
DAC12_xDAT = -
SR Slew rate o N T o) |DAC12AMPx =35 22Vv,3V | 035 110 Vips
DAC12AMPx = 4, 6, 7 150 520
. DAC12_xDAT = _
Glitch energy oo A son | DAC12AMPx =7 22V,3V 35 nV-s
(1)  Rioad and Cy g connected to AVgg (not AV¢c/2) in Figure 8-19.

(2) Slew rate applies to output voltage steps = 200 mV.
| |
Conversion 1 Conversion 2 Conversion 3
] X X
DAC Output out Glitch } +1/2 LSB :
T 'i | Ricas = 3 KQ Energy ‘ |
' Load
| < \ \
: & I I |
: ’ 2 | | } +1/2 LSB
| | | | |
b | Cio.s = 100 pF [ [ \
RO/F‘(DAC12 X) ; } }
Il Il | »
\ \ \ \
4’\ tsemeLH V‘* 4’! tsemeHL V‘i
Figure 8-19. Settling Time and Glitch Energy Testing
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Conversion 1 X Conversion 2 X Conversion 3

A
VOUT

‘»: torun :47

8.50 12-Bit DAC, Dynamic Specifications (Continued)
over recommended ranges of supply voltage and Tp = 25°C (unless otherwise noted)

4’: tSRHL :47
Figure 8-20. Slew Rate Testing

v

PARAMETER TEST CONDITIONS Vee MIN TYP MAX| UNIT

DAC12AMPx = {2, 3, 4}, DAC12SREFx = 2, 0
3.dB bandwidth, DAC12IR = 1, DAC12_xDAT = 800h
Vpc =15V, DAC12AMPx = {5, 6}, DAC12SREFx = 2,

BWosas v/, 0= 01 Vpp DAC12IR = 1, DAC12_xDAT = 800h 22V,3v | 180 kHz

(see Figure 8-21) DAC12AMPx = 7, DAC12SREFx = 2, 550

DAC12IR = 1, DAC12_xDAT = 800h

DAC12_ODAT = 800h, No load,
Channelto-channal DAC12_1DAT = 80h <> F7Fh, Ryoaq = 3 kQ, -80

annel-to-channe f =10 kHz at 50/50 duty cycle

crosstalk(!) (see Figure DAC12_10UT y ey 22V,3V dB
8-22) DAC12_ODAT = 80h «> F7Fh, R oaq = 3 kQ,

DAC12_1DAT = 800h, No load, -80

fDAC']Z_OOUT =10 kHz at 50/50 dUty Cycle

(1) RLoad =3 st CLoad =100 pF
R = 3 kQ
VeREF+ IL"ad AV
D—{ bAac12 x S § 2CC
DACx 4|
AC
C.., = 100 pF
DC

Figure 8-21. Test Conditions for 3-dB Bandwidth Specification

DAC12_xDAT 080h X F7Fh X 080h X F7Fh X 080h

s

e— 1/ —l

RLaad
ILcad
AV
DAC12_0 «
DACO 2 Vo A
v Cioas = 100 pF
REF+ q Rmad VDAch,yOUT ———— flr — — — —
loa
- AVCC VDACQ xOuT I
DAC12_1 ) f
DAC1 2
Cioas = 100 pF

Figure 8-22. Crosstalk Test Conditions
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8.51 Comparator_B

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

PARAMETER TEST CONDITIONS Vee MIN TYP MAX| UNIT
Vee Supply voltage 1.8 36| V
1.8V 40
Comparator operating supply current CBFWRMD = 00 22V 30 50
lavec_comp  into AVCC terminal, excludes 3V 40 65| pA
reference resistor ladder CBPWRMD = 01 22V.3V 10 30
CBPWRMD =10 22V,3V 0.1 0.5
Quiescent current of local reference _ _
lavec_rer voltage amplifier into AVCC terminal CBREFACC =1, CBREFLx = 01 22| bA
Vic Common-mode input range 0 Vee—1 \
v Inout offset volt CBPWRMD = 00 +20 v
nput offset voltage m
OFFSET P 9 CBPWRMD = 01, 10 £10
Cin Input capacitance 5 pF
On (switch closed) 3 4] kQ
Rsin Series input resistance -
Off (switch open) 50 MQ
CBPWRMD = 00, CBF =0 450
ns
tep Propagation delay, response time CBPWRMD =01, CBF =0 600
CBPWRMD = 10, CBF =0 50| s
CBPWRMD = 00, CBON =1,
CBF =1, CBFDLY = 00 035 0.6 1.0
CBPWRMD = 00, CBON =1,
) P ion del th filt i CBF =1, CBFDLY =01 0.6 10 1.8
i ropagation delay with filter active s
FDfiter pag Y CBPWRMD = 00, CBON = 1, 10 18 a4 !
CBF =1, CBFDLY = 10 : : :
CBPWRMD = 00, CBON =1,
CBF =1, CBFDLY = 11 18 3.4 6.5
CBON =0 to CBON =1, 1 5
) c ) ble i ling i CBPWRMD = 00, 01
omparator enable time, settling time s
EN_CMP P 9 CBON =0 to CBON = 1, 100 i
CBPWRMD =10
teEN_REF Resistor reference enable time CBON =0to CBON =1 0.3 1.5 s
VIN = reference into resistor VIN x VIN x VIN x
VB REF Reference voltage for a given tap ladder. n = 0 to 31 (n+05) (n+1) (n+15)| V
’ /32 /32 /32
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8.52 Ports PU.0 and PU.1

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

PARAMETER TEST CONDITIONS MIN MAX| UNIT
Vou High-level output voltage Vysg = 3.3V £10%, loy = —25 mA 24 \Y
VoL Low-level output voltage Vysg = 3.3V £10%, lo. =25 mA 0.4 \Y
Viy High-level input voltage Vysg = 3.3V £10% 2.0 \Y
Vi Low-level input voltage Vysg = 3.3V £10% 0.8 \Y

8.53 USB Output Ports DP and DM

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

PARAMETER TEST CONDITIONS MIN MAX| UNIT
VoH D+, D- single ended USB 2.0 load conditions 2.8 3.6 \Y
VoL D+, D- single ended USB 2.0 load conditions 0 0.3 \Y
Zprv)y D+, D-impedance Including external series resistor of 27 Q 28 44 Q
triSE Rise time Full speed, differential, C, = 50 pF, 10%/90%, Rpu on D+ 4 20 ns
traLL Fall time Full speed, differential, C| = 50 pF, 10%/90%, Rpu on D+ 4 20 ns

8.54 USB Input Ports DP and DM

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

PARAMETER MIN MAX| UNIT
Vicm) Differential input common-mode range 0.8 25 \
Z(ny Input impedance 300 kQ
Vcrs Crossover voltage 1.3 2.0 \%
Vi Static SE input logic low level 0.8 \Y
\m Static SE input logic high level 2.0 \Y
VDI Differential input voltage 02| V
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8.55 USB-PWR (USB Power System)

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

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
V| AUNCH Vpgus detection threshold 3.75 \
Vgus USB bus voltage Normal operation 3.76 55| V
Vuse USB LDO output voltage 3.3 9% \Y
Vig Internal USB voltage(") 1.8 \%
luse_ExT Maximum external current from VUSB terminal(@) USB LDO is on 12| mA
IpeT USB LDO current overload detection(® 60 100 mA
Isuspenp  Operating supply current into VBUS terminal.) ng II;IEI(_)c;iSs:Eied 250 pA
Cgus VBUS terminal recommended capacitance 4.7 uF
Cuss VUSB terminal recommended capacitance 220 nF
Cqg V18 terminal recommended capacitance 220 nF
tEnaBLE Settling time Vysg and Vg \rlt\a/gg:rﬁoe/:{ded capacitances 2| ms
Rpur Pullup resistance of PUR terminal(®) 70 110 150 Q

(1)  This voltage is for internal use only. No external DC loading should be applied.

(2) This represents additional current that can be supplied to the application from the VUSB terminal beyond the needs of the USB
operation.

(3) Acurrent overload is detected when the total current supplied from the USB LDO, including lysg_gxT, exceeds this value.
(4)  Does not include current contribution of Ry, and Rpq as outlined in the USB specification.
(5) This value, in series with an external resistor between PUR and D+, produces the R, as outlined in the USB specification.

8.56 USB-PLL (USB Phase-Locked Loop)

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

PARAMETER MIN TYP MAX| UNIT
IpLL Operating supply current 7| mA
fpLL PLL frequency 48 MHz
fupPp PLL reference frequency 1.5 3| MHz
tLock PLL lock time 2| ms
itter PLL jitter 1000 ps
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8.57 Flash Memory

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

PARAMETER T, MIN TYP MAX| UNIT
DVccpemierase) Program and erase supply voltage 1.8 3.6 \%
lpgm Average supply current from DVCC during program 3 5/ mA
lERASE Average supply current from DVCC during erase 15| mA
Imerase, Isank  Average supply current from DVCC during mass erase or bank erase 6 15| mA
tept Cumulative program time(!) 16| ms
Program and erase endurance 10* 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| us
B0k, 1-(N1) E:c\;;:l;rz[%gram time for each additional byte or word, except for last byte 37 49 us
tBlock, N Block program time for last byte or word(?) 55 73| us
tseg Erase Erase time for segment, mass erase, and bank erase when available® 23 32| ms
FCLK MGR MCLK frequenci/ in marginal read mo_de 0 11 MHz
' (FCTL4.MGRO = 1 or FCTL4.MGR1 = 1)

(1)  The cumulative program time must not be exceeded when writing to a 128-byte flash block. This parameter applies to all programming

methods: individual word or byte write and block write modes.

(2) These values are hardwired into the state machine of the flash controller.

8.58 JTAG and Spy-Bi-Wire Interface

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

PARAMETER conomlons | MIN  TYP  MAX| UNIT
fsew Spy-Bi-Wire input frequency 22V,3V 0 20| MHz
tsewiow Spy-Bi-Wire low clock pulse duration 22V,3V 0.025 15 us
tsew,en  Spy-Bi-Wire enable time (TEST high to acceptance of first clock edge)V 22V,3V 1 us
tsewrst ~ Spy-Bi-Wire return to normal operation time 15 100 us
frek TCK input frequency (4-wire JTAG)® 22V 0 3| MHz

3V 0 10| MHz
Rinternal Internal pulldown resistance on TEST 22V,3V 45 60 80| kQ

(1)  Tools that access the Spy-Bi-Wire interface must wait for the tsgw g, time after pulling the TEST/SBWTCK pin high before applying the

first S

BWTCK clock edge.

(2) frck may be restricted to meet the timing requirements of the module selected.
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9 Detailed Description
9.1 Overview
The MSP430F663x devices include a high-performance 12-bit ADC, comparator, two USCls, USB 2.0, a

hardware multiplier, DMA, four 16-bit timers, an RTC module with alarm capabilities, an LCD driver, and up to
74 1/0 pins.

9.2 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 Figure 9-1).

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

| Program Counter | Pciro

| Stack Pointer | sPR1

| Status Register | SR/CG1/R2
| Constant Generator | CG2/R3
| General-Purpose Register | R4

| General-Purpose Register | R5

| General-Purpose Register | R6

| General-Purpose Register | R7

| General-Purpose Register | R8

| General-Purpose Register | R9

| General-Purpose Register | R10

[ General-Purpose Register | R11

| General-Purpose Register | R12

| General-Purpose Register | R13

| General-Purpose Register | R14

| General-Purpose Register | R15

Figure 9-1. Integrated CPU Registers
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9.3 Instruction Set

The instruction set consists of the original 51 instructions with three formats and seven address modes and
additional instructions for the expanded address range. Each instruction can operate on word and byte data.

Table 9-1 lists examples of the three types of instruction formats; Table 9-2 lists the address modes.

Table 9-1. Instruction Word Formats

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

Table 9-2. Address Mode Descriptions

ADDRESS MODE st | pM 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 auto-increment + MOV @Rn+,Rm MOV @R10+,R11 21(510% : El:)
Immediate + MOV #X,TONI MOV #45,TONI #45 — M(TONI)

(1) S =source, D = destination
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9.4 Operating Modes

These devices 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, 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 data retention

— RTC enabled and clocked by low-frequency oscillator
— Wake-up signal from RST/NMI, RTC_B, P1, P2, P3, and P4
Low-power mode 4.5 (LPM4.5)

— Internal regulator disabled

— No data retention

— Wake-up signal from RST/NMI, P1, P2, P3, and P4
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9.5 Interrupt Vector Addresses

The interrupt vectors and the power-up start address are in the address range OFFFFh to OFF80h (see Table

9-3). The vector contains the 16-bit address of the appropriate interrupt-handler instruction sequence.

Table 9-3. Interrupt Sources, Flags, and Vectors of MSP430F663x Configurations

INTERRUPT SOURCE INTERRUPT FLAG SYSTEM INTERRUPT AI‘:;\IIDORRE%S PRIORITY
System Reset
Watﬁﬁxzr#:s{jﬁ,rr&aelyR\?f)T;tion WDTIFG, KEYV (SYSRSTIV)® @) Reset OFFFEh 63, highest
Flash Memory Key Violation
sys;,’f\:l“MNM' SVMLIFG, SVMHIFG, DLYLIFG, DLYHIFG, VLRLIFG,
Vacant Memory Access VLRHIFG, VMAIFG, JMBNI(I:)G, JMBOUTIFG (SYSSNIV) (Non)maskable OFFFCh 62
JTAG Mailbox
User NMI
Osci”:'z'r' Fault NMIIFG, OFIFG, ACCVIFG, BUSIFG (SYSUNIV)(") () (Non)maskable OFFFAh 61
Flash Memory Access Violation
Comp_B Comparator B interrupt flags (CBIV)(") @ Maskable OFFF8h 60
Timer TBO TBOCCRO CCIFG0®@ Maskable OFFF6h 59
Timer TBO TBOCCR1 EI:'CB:(I)'TS(; E?.BT'\B/()J(%C(:SG CCIFGS, Maskable OFFF4h 58
Watchdog Interval Timer Mode WDTIFG Maskable OFFF2h 57
USCI_AO Receive or Transmit UCAORXIFG, UCAOTXIFG (UCAOQIV)(") () Maskable OFFFOh 56
USCI_BO0 Receive or Transmit UCBORXIFG, UCBOTXIFG (UCBOIV)(") ) Maskable OFFEEh 55
ADC12_A®) ADC12IFGO to ADC12IFG15 (ADC12IV)(1) ) Maskable OFFECh 54
Timer TAO TAOCCRO CCIFG0®@ Maskable OFFEAh 53
Timer TAO TAOCCR1 'I(':/S)II'::%1(EI9A1(;IA\(/))%)C(§4 CCIFG4, Maskable OFFES8h 52
USB_UBM USB interrupts (USBIV)() @ Maskable OFFE6h 51
DMA DMAOIFG, DMAE'I)'I\I;SS,IEL\;A?S:\IZSI,VIZ))(IY)I;?Z?;IFG, DMA4IFG, Maskable OFFE4h 50
Timer TA1 TA1CCRO CCIFG0®) Maskable OFFE2h 49
Timer TA1 TATECRT CHES] (tTOA:f\\;)%)C(%z . Maskable OFFEOh 48
1/0 Port P1 P1IFG.0 to P1IFG.7 (P1IV)(1) ) Maskable OFFDEh 47
USCI_A1 Receive or Transmit UCA1RXIFG, UCA1TXIFG (UCA1IV)() @) Maskable OFFDCh 46
USCI_B1 Receive or Transmit UCB1RXIFG, UCB1TXIFG (UCB1IV)(") @) Maskable OFFDAh 45
1/0 Port P2 P2IFG.0 to P2IFG.7 (P2IV)() @ Maskable OFFD8h 44
LCD_B LCD_B Interrupt Flags (LCDBIV)(") Maskable OFFD6h 43
— RTCROVIFS RIGTEVFQRICAFG RIOPSIFS. | g | orroun | 42
DAC12_A®) DAC12_0IFG, DAC12_1IFG() @) Maskable OFFD2h 41
Timer TA2 TA2CCRO CCIFG0®@ Maskable OFFDOh 40
Timer TA2 ThZCCRT CTES #’éﬁ%ﬁﬁ? CCIFG2, Maskable OFFCEh 39
I/0 Port P3 P3IFG.0 to P3IFG.7 (P3IV)() @ Maskable OFFCCh 38
/0 Port P4 P4IFG.0 to P4IFG.7 (P4IV)() @ Maskable OFFCAh 37
OFFC8h 36
Reserved Reserved® :
OFF80h 0, lowest

(1)  Multiple source flags

(2) Interrupt flags are in the module.

(3) Aresetis generated if the CPU tries to fetch instructions from within peripheral space or vacant memory space.
(Non)maskable: the individual interrupt-enable bit can disable an interrupt event, but the general-interrupt enable cannot disable it.

(4) 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, Tl recommends reserving these locations.
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