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MSP430F552x, MSP430F551x Mixed-Signal Microcontrollers
1 Features » 16-bit timer TA2, Timer_A with three capture/

Low supply voltage range:
3.6 Vdownto 1.8V

Ultra-low power consumption
— Active mode (AM):
» All system clocks active:
— 290 yA/MHz at 8 MHz, 3.0 V, flash
program execution (typical)
— 150 yA/MHz at 8 MHz, 3.0 V, RAM
program execution (typical)
— Standby mode (LPM3):
» Real-time clock (RTC) with crystal,
watchdog, and supply supervisor

operational, full RAM retention, fast wakeup:

— 19pAat2.2V, 2.1 pAat 3.0V (typical)
» Low-power oscillator (VLO), general-
purpose counter, watchdog, and supply
supervisor operational, full RAM retention,
fast wakeup:
— 1.4 pAat 3.0V (typical)
— Off mode (LPM4):
* Full RAM retention, supply supervisor
operational, fast wakeup:
- 1.1 pA at 3.0 V (typical)
— Shutdown mode (LPM4.5):
* 0.18 pA at 3.0 V (typical)
Wake up from standby mode in 3.5 us (typical)
16-bit RISC architecture, extended memory, up to
25-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 watch crystals (XT1)
— High-frequency crystals up to 32 MHz (XT2)
16-bit timer TAO, Timer_A with five capture/
compare registers
16-bit timer TA1, Timer_A with three capture/
compare registers

compare registers

* 16-bit timer TBO, Timer_B with seven capture/
compare shadow registers

» Two universal serial communication interfaces
(USCls)
— USCI_AO and USCI_A1 each support:

+ 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)
(MSP430F552x only) with internal reference,
sample-and-hold, and autoscan features
»  Comparator
* Hardware multiplier supports 32-bit operations
» Serial onboard programming, no external
programming voltage needed
» 3-channel internal DMA
» Basic timer with RTC feature

» Development tools and software (also see Tools
and Software)

— LaunchPad™ development kit
(MSP-EXP430F5529LP)

— MSP430F5529 experimenter’s board
(MSP-EXP430F5529)

— 80-pin target development board
(MSP-TS430PN80USB)

— 64-pin target development board
(MSP-TS430RGC64USB)
— USB developers package
(MSP430USBDEVPACK)
— MSP430Ware™ code examples
» Device Comparison summarizes the available
family members

2 Applications

* Analog and digital sensor systems
» Data loggers
» Connection to USB hosts

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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3 Description

The Texas Instruments MSP430F55xx microcontrollers (MCUs) are part of the MSP430™ system control &
communication family of ultra-low-power microcontrollers consists of several devices featuring peripheral sets
targeted for a variety of applications. The architecture, combined with extensive low-power modes, is optimized
to achieve extended battery life in portable measurement applications. The microcontroller 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 devices to wake up from low-power modes to active mode in 3.5
us (typical).

The MSP430F5529, MSP430F5527, MSP430F5525, and MSP430F5521 microcontrollers have integrated USB
and PHY supporting USB 2.0, four 16-bit timers, a high-performance 12-bit analog-to-digital converter (ADC),
two USClIs, a hardware multiplier, DMA, an RTC module with alarm capabilities, and 63 /O pins. The
MSP430F5528, MSP430F5526, MSP430F5524, and MSP430F5522 microcontrollers include all of these
peripherals but have 47 1/O pins.

The MSP430F5519, MSP430F5517, and MSP430F5515 microcontrollers have integrated USB and PHY
supporting USB 2.0, four 16-bit timers, two USCIs, a hardware multiplier, DMA, an RTC module with alarm
capabilities, and 63 I/O pins. The MSP430F5514 and MSP430FF5513 microcontrollers include all of these
peripherals but have 47 1/O pins.

Typical applications include analog and digital sensor systems, data loggers, and others that require connectivity
to various USB hosts.

The MSP430F55xx MCUs are supported by an extensive hardware and software ecosystem with reference
designs and code examples to get your design started quickly. Development kits include the MSP430F5529 USB
LaunchPad™ development kit and the MSP430F5529 experimenter's board as well as the MSP-
TS430PN80USB 80-pin target development board and the MSP-TS430RGC64USB 64-pin target development
board. Tl also provides free MSP430Ware™ software, which is available as a component of Code Composer
Studio™ IDE desktop and cloud versions within Tl Resource Explorer. The MSP430 MCUs are also supported by
extensive online collateral, training, and online support through the TI E2E™ support forum.

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

Device Information

PART NUMBER( PACKAGE BODY SIZE®?
MSP430F5529IPN LQFP (80) 12 mm x 12 mm
MSP430F5528IRGC VQFN (64) 9 mm x 9 mm
MSP430F5528IYFF DSBGA (64) See Section 11
MSP430F55281ZXH nFBGA (80) 5mm x 5 mm
MSP430F5528I1ZQE®) MicroStar Junior™ BGA (80) 5mm x 5 mm

(1)  For the most current part, package, and ordering information for all available devices, 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 ZQE (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 MSP430F5529, MSP430F5527, MSP430F5525, and
MSP430F5521 devices in the PN package.

XIN XOUT RST/NMI DVCC DVSS VCORE AVCC AVSS PA PB PC PD
A ‘ ‘ ‘ ‘ ‘ ‘ P1.x,, P2.x, P3.x P4.x_ P5x, P6.x, P7.x_ P8.Xx DP,DM,PUR
v Vv v v v
XT2IN — 9|
Unified [ ACLK Power svs 1/0 Ports 1/0 Ports 1/0 Ports 1/0 Ports Full "
Clock Management] | \yatchg P1, P2 P3, P4 P5, P6 P7, P8 ull-spee
XT20UT 44— system | p sMoLk| e || S<Brang aeneog | 2xgos || 2x810s || 2x8w0s || 1x810s usB
Interrupt, 1x3 1/0Os
64KB 4KB+2KB DO Port Map Wakeup USB-PHY
32KB svm, svs || Conirel USB-LDO
MCLK et AN Brownout P4 PA PB PC PD USB-PLL
< as 1x16 1/0s | [ 1x16 1/0s || 1x161/0s || 1x111/0s
cPuXv2 MAB DMA
an
%NO'_'k:"Q MDB 3 channels
egisters
EEM
(L: 8+2)
usclo,1 ADC12_A
JTAG, TAO A1 TA2 T80 USCI_Ax: 12 Bit REF COMP B
SBW MPY32 s . ! . RTC_A CRC16 UART, 200 ksps -
Interface Timer_A Timer_A Timer_A Timer_B ! IrDA, SPI 16 Channels
5CC 3cC 3¢CC 7¢C (14 ext, 2 int) 12 channels
Registers Registers Registers Registers USCI_Bx: Autoscan
SPI, T'C

Figure 4-1. Functional Block Diagram — MSP430F5529I1PN, MSP430F5527IPN, MSP430F5525IPN,
MSP430F5521IPN

Figure 4-2 shows the functional block diagram for the MSP430F5528, MSP430F5526, MSP430F5524, and
MSP430F5522 devices in the RGC, ZXH, and ZQE packages and for the MSP430F5528 device in the YFF
package.

XIN XOUT RST/NMI DVCC DVSS VCORE AVCC AVSS PA PB PC
A ‘ ‘ ‘ ‘ ‘ ‘ P1.x, P2.x|, P3.x P4.x P5x, P6.Xx DP,DM,PUR
v Vv v v v
XT2IN — |
Unified [ ACLK Power SYS 1/0 Ports 1/0 Ports 1/0 Ports Ful "
Clock Management] | \watchdor P1, P2 P3, P4 P5, P6 ull-spee
XT20UT 4| system |_p SMCLK 1;68%85 EESEEQ 91| 2xgos 1x51/0s || 1x61/0s usB
Interrupt, 1x8 I/0Os 1x8 1/0s
64KB 4KB+2KB DO Port Map Wakeup USB-PHY
32KB SVM. SVS COF:‘;rDI USB-LDO
MCLK Flach RAM Brownout (P4) PA PB PC USB-PLL
< as 1x16 1/0s | [ 1x131/0s || 1x14 1/0s
CPUXV2 MAB DMA
and
Working MDB 3 channels
Registers
EEM
(L: 8+2)
usclo,1 ADC12_A
TAO TA1 TA2 TBO : 12 Bit
JSTQVG\/ Uﬁi%"' 200 ksps REF COMP_B
Interface MPY32 Timer_A Timer_A Timer_A Timer_B RTC_A CRC16 IrDA, SPI
5CC 3cC 3¢CC 7¢C 12 Channels 8 channels
Registers Registers Registers Registers USCI_Bx: |[(10 ext, 2 int)
SPI, I’C Autoscan

Figure 4-2. Functional Block Diagram — MSP430F5528IRGC, MSP430F5526IRGC, MSP430F5524IRGC,
MSP430F5522IRGC,
MSP430F55281ZXH, MSP430F55261ZXH, MSP430F55241ZXH, MSP430F5522IZXH,
MSP430F5528IZQE, MSP430F55261ZQE, MSP430F5524IZQE, MSP430F55221ZQE,
MSP430F5528IYFF
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Figure 4-3 shows the functional block diagram for the MSP430F5519, MSP430F5517, and MSP430F5515
devices in the PN package.

XIN XOUT RST/NMI DVCC DVSS VCORE AVCC AVSS PA PB PC PD
A ‘ ‘ ‘ ‘ ‘ ‘ P1.x,, P2x|, P3.x|, P4x , P5x, P6.x, P7x,  P8x DP,DM,PUR
v v v v v 4 4 4
N A
XT2IN —1]
Unified [ ACLK Power SYs 1/0 Ports 1/0 Ports 1/0 Ports 1/0 Ports Full "
Clock Management P1, P2 P3, P4 P5, P6 P7,P8 ull-spee
XT20UT 41— system [ p smcik| ook || *C2C 1ees | 2@ios || 2:@i0s || 2i0s || ios uee
Port M Interrupt 1x3 1/0s
64KB LDO ort Map & Wakeu USB-PHY
Control P USB-LDO
SVM, SVS (P4)
MCLK Flash RAM Brownout PA PB PC PD USB-PLL
1x16 1/0s 1x16 1/0s 1x16 1/0s 1x111/0Os
CPUXV2 MAB DMA
and
Working MDB 3 channels
Registers
EEM
(L: 8+2)
uscClo,1
TAO TA1 TA2 TBO :
oW R COMP_B
Interface MPY32 Timer_A Timer_A Timer_A Timer_B RTC_A CRC16 IrDA, SPI REF
5CC 3cc 3cc 7cC 12 channels
Registers Registers Registers Registers USCI_Bx:
SPI, I’C

Figure 4-3. Functional Block Diagram — MSP430F5519IPN, MSP430F5517IPN, MSP430F5515IPN

Figure 4-4 shows the functional block diagram for the MSP430F5514 and MSP430F5513 devices in the RGC,
ZXH, and ZQE packages.

XIN XOUT RST/NMI DVCC DVSS VCORE AVCC AVSS PA PB pC
A ‘ ‘ ‘ ‘ ‘ ‘ P1.x), P2.x,, P3.x, P4.x], P5.x, P6.x DP,DM,PUR
v v v v v
XT2IN —1f
Unified [ ACLK Power SYs 1/0 Ports 1/0 Ports 1/0 Ports Full g
Clock Management| P1, P2 P3, P4 P5, P6 ull-spee
XT20UT 41— system [ -p smoLk|  Saks 4KB+2KB Watehdog (1 ogyds || 1x510s || 1x61/0s use
Port Map Interrupt, 1x8 1/0s 1x8 1/0s
LDO Control Wakeup USB-PHY
SVM, SVS (P4) USB-LDO
MCLK Flash RAM Brownout PA PB PC USB-PLL
1x16 1/0s 1x13 1/0s 1x14 1/0s
MAB
CPUXV2 DMA
and
Working MDB 3 channels
Registers
EEM
(L: 8+2)
UsCl0,1
TAO TA1 TA2 TBO .
g VoA COMP_B
Interface MPY32 Timer_A Timer_A Timer_A Timer_B RTC_A CRC16 IrDA, SPI REF
5CC 3CC 3CC 7CC 8 channels
Registers Registers Registers Registers USCI_Bx:
SPI, ’C

Figure 4-4. Functional Block Diagram — MSP430F5514IRGC, MSP430F5513IRGC, MSP430F55141ZXH,
MSP430F55131ZXH, MSP430F55141ZQE, MSP430F5513IZQE
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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 O to revision P

Changes from May 1, 2019 to September 11, 2020 Page
» Updated the numbering for sections, tables, figures, and cross-references throughout the document.............. 1
* Added nFBGA package (ZXH) information throughout document..............c.ooviiiii i 2
* Added note about status change for all orderable part numbers in the ZQE package in Device Information ... 2
» Added note (1) in Section 8.6, Thermal Resistance CharacterisStiCs ...........ccccccccuuuieeciiiiiiieiiieee e 26
» Changed the MAX value of the Igrase and Iverase; Isank parameters in Section 8.48, Flash Memory ......... 52

Changes from revision N to revision O

Changes from September 21, 2018 to April 30, 2019 Page
LR O oTo £ 1 (Yo IS T=Tor 1 o] Wt IR = =TSSR 1
o Updated SECHON 3, DESCIIPLION ........ueeeieiieeeiee ittt e ettt e e e e e e e e e e aeeeeeaaaeeseesesaasbasaeeeeaaaeeesananns 2
* Removed the YFF package option for the MSP430F5526 and MSP430F5524 in Section 4, Functional Block

JD = o =T o 1 PRSP 3
* Removed the YFF package option for the MSP430F5526 and MSP430F5524 in Section 6, Device

(@) 1] = T 1o LSS 9
* Removed the YFF package option for the MSP430F5526 and MSP430F5524 in Figure 7-6, 64-Pin YFF

Package — MSPAB0FSE528IYFF ...ttt ettt e e e e e e st e e e e et e e e e s easa e e e e e ansreeaeaasnaeeas 10

Changes from revision M to revision N

Changes from November 3, 2015 to September 20, 2018 Page
» Changed entry for Body Size of DSBGA package in Device Informationtable ..............cccoooiiiiiiiiiiie 2
e Added Section 6.1, REIAIEA PrOQUCES ...........couueeeeeeeeeeee e et e et e e e e e e e e e e e e e e s eeaaanns 9
* Removed D and E dimension lines from the YFF pinout (for package dimensions, see the Mechanical Data in
7= Tox 110 o T 1 PRSP 10
» Added typical conditions statements at the beginning of Section 8, Specifications .............cccccccovevviivicnnn... 22
+ Changed the MIN value of the V(pycc BoRr hys) Parameter from 60 mV to 50 mV in Section 8.20, PMM,
BrownoUt RESEE (BOR) ...ttt ettt e ettt e ettt e e e b bttt e e e abb et e e e abb e e e e e e anneee s 35
» Updated notes (1) and (2) and added note (3) in Section 8.26, Wake-up Times From Low-Power Modes and
== S SSS 37
*  Removed ADC12DIV from the formula for the TYP value in the second row of the tconyerT parameter in
Section 8.36, 12-Bit ADC, Timing Parameters, because ADC12CLK is after division...............ccccovvvveeenneennn. 44
+ Added second row for tey_cmp With Test Conditions of "CBPWRMD = 10" and MAX value of 100 ps in Section
8.42, COMPAIALOr B .........uueeeeeeeee ettt e e e e e e e e e e et a e e e e e e e e e e eeeeeettabaaaeeeaaaaeeeeaeaanrrnraeeeeeas 49
* Renamed FCTL4.MGRO and MGR1 bits in the fyic k mcr parameter in Section 8.48, Flash Memory, to be
consistent With header filES ... ... e et e e e e e e e e et e e e e e e e e e e e e e e nnnes 52
* Throughout document, changed all instances of "bootstrap loader" to "bootloader".............cccocieiiiniininen. 57
* Added YFF pin numbers to Table 9-11, TAO Signal CONNECHONS .............ccccccuueieiiiiieee e 65
* Added YFF pin numbers to Table 9-12, TAT Signal CONNECLIONS ..............c.ceeeeeeeeeieiiieeciiieeeeeeee e 66
* Added YFF pin numbers to Table 9-13, TA2 Signal CONNECHIONS .............uuueeiiiiiaaiei e 67
» Replaced former section Development Tools Support with Section 10.3, Tools and Software ...................... 115
» Changed format and added content to Section 10.4, Documentation Support .............cccceeeveeeeeeeeeieccciinnnnen, 117
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Changes from revision L to revision M

Changes from June 17, 2013 to November 2, 2015 Page
o Added Device INformation TaDIE.............ocueiii ittt e e e e e st e e e et e e e e e annraeeaean 2
» Added Section 4 and moved all functional block diagrams t0 it.............ccciiieiiiiiie e 3
* Added Section 6 and moved Table 6-1table 10 if.......cooi e 9
o Added SecCtion 8.2, ESD RaALINGS ....c..uueiieiieiiieeee ettt e e e e e e e e et e e e aaaeeeesa e s assa s e e ereeaaeaeeeaaaannrraraeaeees 22
* Moved Section 8.6, Thermal Resistance CharacteriStiCS ...............cccooiiiiiiiiiie i e e 26
» Changed the TYP value of C|_ . with Test Conditions of "XTS = 0, XCAPx = 0" from 2 pF to 1 pF................ 31
* Corrected MRGO and MRG1 bit names in fyic Lk Mrg Parameter description.................ccoooeii, 52
» Corrected spelling of NMIIFG in Table 9-9, System Module Interrupt Vector Registers .........ccccccvveeiivieecccnnn. 62
» Corrected register names (added "USB" prefix as necessary) in Table 9-45, USB Control Registers ............ 70

» Changed P5.3 schematic (added P5SEL.2 and XT2BYPASS inputs, AND gate, and OR gate after P5SEL.3)..

92

* Changed P5SEL.3 column from X to O for "P5.3 (I/0)" rows

» Changed P5.5 schematic (change input from P5SEL.5 to P5SEL.4 and added P5SEL.5 input and the

following OR gate)
» Changed P5SEL.5 column from X to O for "P5.5 (1/0)" rows

» Added Section 11, Mechanical, Packaging, and Orderable INformation ................c.ccccccueieeiiieenciieneeinnenenn

The following table lists the changes to this data sheet from the initial release through revision L.

REVISION DESCRIPTION
Production release of F5226 and F5224 in YFF package.
i&ﬁ‘esgg?l:; Section 7.2, Added note regarding pullup resistor on RST/NMI/SBWTDIO pin.
Figure 7-6, Added ball-side view and changed top-side view.
FeSerﬁ:rf/gzocﬁs Section 8.48, Changed Igrase and lyerase values.
Section 8.3, Added TYP test conditions
Def'e‘gﬁgf% 1, | Section 8.19, Added note (1)
Section 8.48, Restored Flash erase currents to previous values (changed from TBD).
Changed MSP430F5528IYFF to Production Data.
Section 7.2, Changed PUR pin description.
SLAS590I Section 9.5.1, Added note regarding PUR pin.
August 2012 | Taple 9-9, Changed SYSRSTIV interrupt event with value 1Ch to Reserved.
Section 8.3, Added note regarding interaction between minimum VCC and SVSH.
Section 8.39, Changed tsensor(sample) MIN to 100 ps, and changed note (2).
Corrected lost and corrupted symbols throughout. Affected symbols include: A Q — 2<#
SLAS590H Changed ACLK signal description in Section 7.2.
February 2012 | changed note on Section 8.37.
Changed notes regarding UCAOCLK and UCBOCLK function on Table 9-47 and Table 9-48.
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REVISION DESCRIPTION

Changed limits for wake-up time, LPM3/4 current, reference current, ADC12 maximum frequency, ADC linearity — see
the following tables:

Section 8.5

Section 8.35

SLAS590G Section 8.36

November 2011 | Section 8.37
Section 8.38

Section 8.40
Section 8.41

Changed notes regarding crystal capacitance in Section 8.15

SLAS590F . . . . )
November 2011 Corrected terminal assignments for YFF package in Section 7.1 and Section 7.2
Updated YFF and ZQE pinout drawings.
SLAS590E . o .
April 2011 Changed Tty maximum to 150°C in Section 8.1.
Changed fx12 Hr.sw MIN to 0.7 MHz in Section 8.16.
SLAS590D .
April 2010 Production data release
SLAS590C .
January 2010 Changes throughout for updated preview
SLAS590B .
July 2009 Changes throughout for updated preview
SLAS590A .
May 2009 Changes throughout for XMS430F5529 sampling
SLAS590 - .
September 2008 Limited product preview release
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6 Device Comparison
Table 6-1 summarizes the available family members.

Table 6-1. Device Comparison

USCI_A:
FLASH SRAM . . = USCI_B: ADC12_A COMP_B
(1) (2) (3) (4) | - _
DEVICE (KB) (KB)® Timer_A Timer_B UAR;',PIIrDA, SPI, 2C (channels) | (channels) 1/0s PACKAGE
MSP430F5529 128 8+2 53,3 7 2 2 14 ext, 2 int 12 63 80 PN
64 RGC,
MSP430F5528 128 8+2 53,3 7 2 2 10 ext, 2 int 8 47 863 ;)'(:E
80 ZQE
MSP430F5527 96 6+2 53,3 7 2 2 14 ext, 2 int 12 63 80 PN
64 RGC,
MSP430F5526 96 6+2 53,3 7 2 2 10 ext, 2 int 8 47 80 ZXH,
80 ZQE
MSP430F5525 64 4+2 53,3 7 2 2 14 ext, 2 int 12 63 80 PN
64 RGC,
MSP430F5524 64 4+2 53,3 7 2 2 10 ext, 2 int 8 47 80 ZXH,
80 ZQE
64 RGC,
MSP430F5522 32 8+2 53,3 7 2 2 10 ext, 2 int 8 47 80 ZXH,
80 ZQE
MSP430F5521 32 6+2 53,3 7 2 2 14 ext, 2 int 12 63 80 PN
MSP430F5519 128 8+2 53,3 7 2 2 - 12 63 80 PN
MSP430F5517 96 6+2 53,3 7 2 2 - 12 63 80 PN
MSP430F5515 64 4+2 53,3 7 2 2 - 12 63 80 PN
64 RGC,
MSP430F5514 64 4+2 53,3 7 2 2 - 8 47 80 ZXH,
80 ZQE
64 RGC,
MSP430F5513 32 4+2 53,3 7 2 2 N 8 47 80 ZXH,
80 ZQE

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

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

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

(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.

(5) 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.
Tl 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 MSP430F5529

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

Reference designs for MSP430F5529

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 MSP430F5529, MSP430F5527, MSP430F5525, and MSP430F5521 devices

in the 80-pin PN package.

NMI/SBWTDIO
TDI/TCLK

TCK
TMS
TDO

< O 0

71|J TEST/SBWTCK
70[] P5.3/XT20UT
691 P5.2/XT2IN

68[1 AVSS2

79| P6.2/CB2/A2
670 V18

78] P6.1/CB1/A1
77| P6.0/CBO/AO

761 RST,

751 PJ.3
64| PU.1/DM

66/J VUSB
651J VBUS
63| PUR

73] PJ.1
721 PJ.O

O 80|] P6.3/CB3/A3
741 PJ.2

P6.4/CB4/A4
P6.5/CB5/A5
P6.6/CB6/A6
P6.7/CB7/A7
P7.0/CB8/A12
P7.1/CB9/A13
P7.2/CB10/A14
P7.3/CB11/A15
P5.0/A8/VREF+/VeREF+
P5.1/A9/VREF-/VeREF-
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P5.4/XIN

P5.5/XOUT

AVSS1

P8.0

P8.1
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OO0N0O00000000000000000
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N
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62| PU.0O/DP
61| VSSU

60
59
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56
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54
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52
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49
48
47
46
45
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42
41
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P2.5/TA2.2 [] 34

P2.6/RTCCLK/DMAEO [] 35

P2.4/TA2.1] 33
P2.7/UCBOSTE/UCAOCLK [] 36

P2.0/TA1.1[] 29
P2.1/TA1.2 [] 30
P2.2/TA2CLK/SMCLK [] 31
P2.3/TA2.0 [] 32

P1.5/TA0.4 [] 26
P1.7/TA1.0 ] 28

P1.0/TAOCLK/ACLK [] 21
P1.1/TA0.0 [] 22
P1.2/TA0.1[] 23
P1.3/TA0.2 [] 24
P1.4/TA0.3 [] 25

P1.6/TA1CLK/CBOUT [] 27

3.0/UCBOSIMO/UCBOSDA [ 37
P3.1/UCBOSOMI/UCBOSCL [] 38

P

P3.2/UCBOCLK/UCAOSTE [] 39
P3.3/UCAOTXD/UCAOSIMO [] 40

P7.7/TBOCLK/MCLK

P7.6/TB0.4

P7.5/TB0.3

P7.4/TB0.2

P5.7/TB0.1

P5.6/TB0.0

P4.7/PM_NONE

P4.6/PM_NONE
P4.5/PM_UCA1RXD/PM_UCA1SOMI
P4.4/PM_UCA1TXD/PM_UCA1SIMO
DvCC2

DVSS2
P4.3/PM_UCB1CLK/PM_UCA1STE
P4.2/PM_UCB1SOMI/PM_UCB1SCL
P4.1/PM_UCB1SIMO/PM_UCB1SDA
P4.0/PM_UCB1STE/PM_UCA1CLK
P3.7/TBOOUTH/SVMOUT

P3.6/TB0.6

P3.5/TB0.5
P3.4/UCAORXD/UCAO0SOMI

Figure 7-1. 80-Pin PN Package (Top View) — MSP430F55291PN, MSP430F5527IPN, MSP430F5525IPN,

MSP430F5521IPN
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Figure 7-2 shows the pinout for the MSP430F5528, MSP430F5526, MSP430F5524, and MSP430F5522 devices
in the 64-pin RGC package.
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Tl recommends connecting the exposed thermal pad to Vgg.

Figure 7-2. 64-Pin RGC Package (Top View) — MSP430F5528IRGC, MSP430F5526IRGC,
MSP430F5524IRGC, MSP430F5522IRGC
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Figure 7-3 shows the pinout for the MSP430F5519, MSP430F5517, and MSP430F5515 devices in the 80-pin

PN package.
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P1.1/TA0.0 [] 22

P1.0/TAOCLK/ACLK [] 21

P1.2/TA0.1 ] 23

P1.3/TA0.2 [] 24

P1.4/TA0.3 [] 25

P1.5/TA0.4 [] 26

P1.6/TA1CLK/CBOUT [ 27

P1.7/TA1.0 [] 28

P2.0/TA1.1[] 29

P2.1/TA1.2 [] 30

P2.2/TA2CLK/SMCLK [] 31

P2.5/TA2.2 [] 34

P2.6/RTCCLK/DMAEO [] 35
P2.7/UCBOSTE/UCAOCLK [] 36
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P3.0/UCBOSIMO/UCBOSDA [] 37
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P4.7/PM_NONE
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Figure 7-3. 80-Pin PN Package (Top View) — MSP430F5519IPN, MSP430F5517IPN, MSP430F5515IPN
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Figure 7-4 shows the pinout for the MSP430F5514 and MSP430F5513 devices in the 64-pin RGC package.
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Tl recommends connecting the exposed thermal pad to Vgg.

Figure 7-4. 64-Pin RGC Package (Top View) — MSP430F5514IRGC, MSP430F5513IRGC

P4.7/PM_NONE

P4.6/PM_NONE
P4.5/PM_UCA1RXD/PM_UCA1SOMI
P4.4/PM_UCA1TXD/PM_UCA1SIMO
P4.3/PM_UCB1CLK/PM_UCA1STE
P4.2/PM_UCB1SOMI/PM_UCB1SCL
P4.1/PM_UCB1SIMO/PM_UCB1SDA
P4.0/PM_UCB1STE/PM_UCA1CLK
DVCC2

DVSS2

P3.4/UCAORXD/UCAQSOMI
P3.3/UCAO0TXD/UCAQOSIMO
P3.2/UCBOCLK/UCAOSTE
P3.1/UCBOSOMI/UCBOSCL
P3.0/UCB0OSIMO/UCBOSDA
P2.7/UCBOSTE/UCAOCLK
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Figure 7-5 shows the pinout for the MSP430F5528, MSP430F5526, MSP430F5524, MSP430F5522,
MSP430F5514, and MSP430F5513 devices in the 80-pin ZXH or ZQE package.

P6.0 RST/NMI PJ.2 TEST AVSS2 VUSB VBUS PU.1 PU.0
Vi Vet Vi Vi Vi Vi Vi Vi Vi
A1) 1A2) 1A3) (A4) 1A5) 1AB) A7) 1A8) 1A9)
N - N - N - N - N o~ N - N - N o~ N -
P6.2 P6.1 PJ.3 P5.3 P5.2 V18 PUR VSSU VSSU
P RS A P A, o~ o~ PR PR
1B1) 1B2) 1B3) 1B4) 1B5) 1B6) (B7) 1 B8) 1B9)
N o N - N - N - N - N - N - N o~ N -
P6.4 P6.3 PJ.1 PJ.0 Reserved P4.7 P4.6 P4.5
s PR P P PR PR PR P
1C1) 1C2) (C4) 1C5) 1C6) 1C7) (C8) (C9)
N N - N - ~ - N - N - ~ - N -
P6.6 P6.5 P6.7 Reserved Reserved Reserved P4.4 P4.3 P4.2
7 Ve Vi Vi Vi Vi Vi Vi Vi
1 D1) 1D2) 1D3) 1D4) 1D5) 1D6) (D7) 1D8) 1D9)
N N - N - N - N - N - N - N o~ N -
P5.0 P5.1 Reserved Reserved Reserved Reserved P4.1 P4.0 DVCC2
Vi Vet Vi Vi Vi Vi Vi Vi Vi
1 E1) (E2) 1E3) | E4) 1E5) |E6) 1E7) |E8) 1E9)
N - N - N - N - N o~ N - N - N o~ N -
P5.4 AVCC1 Reserved Reserved Reserved Reserved Reserved Reserved DVSS2
s~ o~ o~ o~ o~ o~ o~ o~ o~
I F1) (F2) 1 F3) | F4) (F5) 1 F6) 1 F7) | F8) 1 F9)
AN N - N~ N - N - N - N - N - N -
P55 AVSS1 Reserved P1.3 P1.6 P2.1 P3.4 P3.2 P3.3
s~ o~ ~ o~ o~ o~ o~ o~ o~
1G1) 1G2) 1G3) 1G4) 1G5) 1G6) 1G7) 1G8) 1G9)
AN N - N - N~ N - N - N - N - N~
DVCC1 P1.0 P1.1 P1.4 P1.7 P2.3 P2.7 P3.0 P3.1
X PR PR PR PR PR PR o~ =
1 H1) (H2) (H3) (H4) (H5) (H6) (H7) (H8) (H9)
N N - N - N - N - N - N - N - N -
DVSS1 VCORE P1.2 P1.5 P2.0 P2.2 P2.4 P2.5 P2.6
P P PR PR P PR PR P P
1J1) 1J2) 1J3) (1J4) 1J5) 1J6) (1J7) (1J8) 1J9)
N N - N - N - ~ - N - N - ~ - N -

Figure 7-5. 80-Pin ZXH or ZQE Package (Top View) —
MSP430F55281ZXH, MSP430F55261ZXH, MSP430F55241ZXH, MSP430F55221ZXH, MSP430F5514I1ZXH,

MSP430F5513IZXH,

MSP430F5528IZQE, MSP430F55261ZQE, MSP430F55241ZQE, MSP430F5522I1ZQE, MSP430F55141ZQE,

MSP430F5513IZQE
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Figure 7-6 shows the pinout for the MSP430F5528 device in the 64-pin YFF package. For package dimensions,
see the Mechanical Data in Section 11.

Top View Ball-Side View

OHCHONCOHONOND
FS) (W7, 1R, HS) R4 R (FD) (HI) (H4) (ve)
P2.7 P3.1 DVSS2 DVCC2 P41 P44 VSSU PU.O PU.O VSSU P44 P4.1 DVCC2 DVSS2 P3.1
@) @ ) (@

G8) (G7) (G6) 1GS) (G4 (63 182 (G (9
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[ e N T (B e
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PJ.1 RST/NMI P1.5 P1.6 P1.7
N “~ N N N N N ~N N
[ [ [ [ [ /
C8) IC7) (05 (C5) G4 IC3) (G (Ch ©) @ ©
P1.3 P14 P1.2 P6.7 P6.3 P6.1 PJ3  PJ2 PJ.2 PJ.3 P6.1 P6.3 P6.7 P1.2 P1.4 P1.3
N - N N - N N N -~ N
B, 87, 86, (5, B4 83 (B2 (B )
VCORE P1.0 P1.1 P5.1 P5.0 P6.5 P6.4 P6.0 P6.0 P6.4 P6.5 P5.0 P5.1 P1.1 P1.0 VCORE
- N - N - N -\ - N -~ - N -~
(A8) A7) 1AS) IRS) (A) AS)p2) AT () () (o) () (9
DVSS1 DVCC1 P5.5 P54 AVSS1 AVCC1 P6.6 P6.2 P6.2 P6.6 AVCC1 AVSS1 P54 P5.5 DVCC1 DVSS1
Figure 7-6. 64-Pin YFF Package — MSP430F5528IYFF
Copyright © 2020 Texas Instruments Incorporated Submit Document Feedback 15

Product Folder Links: MSP430F5529 MSP430F5528 MSP430F5527 MSP430F5526 MSP430F5525
MSP430F5524 MSP430F5522 MSP430F5521 MSP430F5519 MSP430F5517 MSP430F5515 MSP430F5514
MSP430F5513


http://www.ti.com
http://www.ti.com/product/MSP430F5529
http://www.ti.com/product/MSP430F5528
http://www.ti.com/product/MSP430F5527
http://www.ti.com/product/MSP430F5526
http://www.ti.com/product/MSP430F5525
http://www.ti.com/product/MSP430F5524
http://www.ti.com/product/MSP430F5522
http://www.ti.com/product/MSP430F5521
http://www.ti.com/product/MSP430F5519
http://www.ti.com/product/MSP430F5517
http://www.ti.com/product/MSP430F5515
http://www.ti.com/product/MSP430F5514
http://www.ti.com/product/MSP430F5513
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLAS590P&partnum=MSP430F5529
http://www.ti.com/product/msp430f5529?qgpn=msp430f5529
http://www.ti.com/product/msp430f5528?qgpn=msp430f5528
http://www.ti.com/product/msp430f5527?qgpn=msp430f5527
http://www.ti.com/product/msp430f5526?qgpn=msp430f5526
http://www.ti.com/product/msp430f5525?qgpn=msp430f5525
http://www.ti.com/product/msp430f5524?qgpn=msp430f5524
http://www.ti.com/product/msp430f5522?qgpn=msp430f5522
http://www.ti.com/product/msp430f5521?qgpn=msp430f5521
http://www.ti.com/product/msp430f5519?qgpn=msp430f5519
http://www.ti.com/product/msp430f5517?qgpn=msp430f5517
http://www.ti.com/product/msp430f5515?qgpn=msp430f5515
http://www.ti.com/product/msp430f5514?qgpn=msp430f5514
http://www.ti.com/product/msp430f5513?qgpn=msp430f5513

MSP430F5529, MSP430F5528, MSP430F5527, MSP430F5526, MSP430F5525, MSP430F5524, .

MSP430F5522, MSP430F5521, MSP430F5519, MSP430F5517, MSP430F5515, MSP430F5514, I3 TEXAS
MSP430F5513 INSTRUMENTS
SLAS590P — MARCH 2009 — REVISED SEPTEMBER 2020 www.ti.com

7.2 Signal Descriptions
Table 7-1 describes the signals for all device and package options.

Table 7-1. Terminal Functions

TERMINAL

NO.

NAME ZXH,
PN | RGC | YFF ZQE

/ot DESCRIPTION

General-purpose digital 1/0
P6.4/CB4/A4 1 5 B2 C1 /0 |Comparator_B input CB4
Analog input A4 for ADC (not available on F551x devices)

General-purpose digital 1/0
P6.5/CB5/A5 2 6 B3 D2 1/0 | Comparator_B input CB5
Analog input A5 for ADC (not available on F551x devices)

General-purpose digital /0
P6.6/CB6/A6 3 7 A2 D1 1/0 |Comparator_B input CB6
Analog input A6 for ADC (not available on F551x devices)

General-purpose digital 1/0
P6.7/CB7/A7 4 8 C5 D3 1/0 | Comparator_B input CB7
Analog input A7 for ADC (not available on F551x devices)

General-purpose digital I/O (not available on F5528, F5526, F5524,
F5522, F5514, F5513 devices)

P7.0/CB8/A12 5 N/A N/A N/A /0 | Comparator_B input CB8 (not available on F5528, F5526, F5524,
F5522, F5514, F5513 devices)

Analog input A12 for ADC (not available on F551x devices)

General-purpose digital I/O (not available on F5528, F5526, F5524,
F5522, F5514, F5513 devices)

P7.1/CB9/A13 6 N/A N/A N/A /0 |Comparator_B input CB9 (not available on F5528, F5526, F5524,
F5522, F5514, F5513 devices)

Analog input A13 for ADC (not available on F551x devices)

General-purpose digital I/O (not available on F5528, F5526, F5524,
F5522, F5514, F5513 devices)

P7.2/CB10/A14 7 N/A N/A N/A /0 |Comparator_B input CB10 (not available on F5528, F5526, F5524,
F5522, F5514, F5513 devices)

Analog input A14 for ADC (not available on F551x devices)

General-purpose digital 1/0 (not available on F5528, F5526, F5524,
F5522, F5514, F5513 devices)

P7.3/CB11/A15 8 N/A N/A | N/A /0 | Comparator_B input CB11 (not available on F5528, F5526, F5524,
F5522, F5514, F5513 devices)

Analog input A15 for ADC (not available on F551x devices)

General-purpose digital 1/0

Output of reference voltage to the ADC (not available on F551x

devices
P5.0/A8/VREF+/VeREF+ 9 9 B4 E1 110 ) )
Input for an external reference voltage to the ADC (not available on

F551x devices)
Analog input A8 for ADC (not available on F551x devices)

General-purpose digital 1/0

Negative terminal for the ADC reference voltage for both sources, the
P5.1/A9/VREF-/\VeREF- 10 10 B5 E2 1/0 |internal reference voltage, or an external applied reference voltage (not
available on F551x devices)

Analog input A9 for ADC (not available on F551x devices)
AVCC1 11 11 A3 F2 Analog power supply
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Table 7-1. Terminal Functions (continued)

TERMINAL
NAME NO. ot DESCRIPTION
ZXH,
PN | RGC | YFF ZQE
General-purpose digital 1/0
P5.4/XIN 12 12 A5 F1 110
Input terminal for crystal oscillator XT1
General-purpose digital 1/0
P5.5/XOUT 13 13 A6 G1 110 . )
Output terminal of crystal oscillator XT1
AVSS1 14 14 A4 G2 Analog ground supply
P8.0 15 N/A N/A N/A /0 | General-purpose digital 1/0
P8.1 16 N/A N/A N/A /0 | General-purpose digital I/O
P8.2 17 N/A N/A N/A /0 | General-purpose digital I/O
DVCCA1 18 15 A7 HA1 Digital power supply
DVSS1 19 16 A8 J1 Digital ground supply
VCORE®) 20 17 B8 52 Regulated core power supply output (internal use only, no external
current loading)
General-purpose digital /0 with port interrupt
P1.0/TAOCLK/ACLK 21 18 B7 H2 /0 | TAO clock signal TAOCLK input
ACLK output (divided by 1, 2, 4, 8, 16, or 32)
General-purpose digital I/O with port interrupt
P1.1/TA0.0 22 19 B6 H3 1/0 | TAO CCRO capture: CCIOA input, compare: Out0 output
BSL transmit output
General-purpose digital I/O with port interrupt
P1.2/TAO.1 23 20 C6 J3 1/0 | TAO CCR1 capture: CCI1A input, compare: Out1 output
BSL receive input
General-purpose digital I/O with port interrupt
P1.3/TA0.2 24 21 C8 G4 110
TAO CCR2 capture: CCI2A input, compare: Out2 output
General-purpose digital /0 with port interrupt
P1.4/TA0.3 25 22 Cc7 H4 110
TAO CCR3 capture: CCI3A input compare: Out3 output
General-purpose digital /0 with port interrupt
P1.5/TA0.4 26 23 D6 J4 1/0
TAO CCR4 capture: CCI4A input, compare: Out4 output
General-purpose digital I/O with port interrupt
P1.6/TA1CLK/CBOUT 27 24 D7 G5 1/0 | TA1 clock signal TA1CLK input
Comparator_B output
General-purpose digital /0 with port interrupt
P1.7/TA1.0 28 25 D8 H5 110
TA1 CCRO capture: CCIOA input, compare: Out0 output
General-purpose digital /0 with port interrupt
P2.0/TA1.1 29 26 E5 J5 110
TA1 CCR1 capture: CCI1A input, compare: Out1 output
General-purpose digital I/O with port interrupt
P2.1/TA1.2 30 27 E8 G6 110
TA1 CCR2 capture: CCI2A input, compare: Out2 output
General-purpose digital /0 with port interrupt
P2.2/TA2CLK/SMCLK 31 28 E7 J6 1/0 | TA2 clock signal TA2CLK input
SMCLK output
General-purpose digital /0 with port interrupt
P2.3/TA2.0 32 29 E6 H6 110 .
TA2 CCRO capture: CCIOA input, compare: Out0 output
General-purpose digital I/O with port interrupt
P2.4/TA2.1 33 30 F8 J7 110
TA2 CCR1 capture: CCI1A input, compare: Out1 output
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Table 7-1. Terminal Functions (continued)

TERMINAL
NAME NO. o DESCRIPTION
ZXH,
PN | RGC | YFF ZQE
General-purpose digital 1/0 with port interrupt
P2.5/TA2.2 34 31 F7 J8 110

TA2 CCR2 capture: CCI2A input, compare: Out2 output
General-purpose digital I/O with port interrupt
P2.6/RTCCLK/DMAEO 35 32 F6 J9 1/0 | RTC clock output for calibration

DMA external trigger input

General-purpose digital I/O with port interrupt
Slave transmit enable — USCI_B0 SPI mode
Clock signal input — USCI_AO SPI slave mode
Clock signal output — USCI_AO SPI master mode
General-purpose digital 1/0

37 34 G8 H8 1/0 | Slave in, master out — USCI_B0 SPI mode
12C data — USCI_BO I2C mode
General-purpose digital 1/0

38 35 H7 H9 1/0 | Slave out, master in — USCI_B0 SPI mode
12C clock — USCI_BO I2C mode
General-purpose digital 1/0

P2.7/UCBOSTE/UCAOCLK | 36 33 H8 H7 1/10

P3.0/UCBOSIMO/
UCBOSDA

P3.1/UCBOSOMI/
UCBOSCL

Clock signal input — USCI_BO SPI slave mode
P3.2/UCBOCLK/UCAOQOSTE 39 36 G7 G8 110
Clock signal output — USCI_BO0 SPI master mode
Slave transmit enable — USCI_AO0 SPI mode

General-purpose digital /0

P3.3/UCAOTXD/ .

UCAOSIMO 40 37 G6 G9 /0 | Transmit data — USCI_AO UART mode
Slave in, master out — USCI_A0 SPI mode
General-purpose digital 1/0

P3.4/UCAORXD/ .

UGAOSOMI 41 38 G5 G7 /0 |Receive data — USCI_AO0 UART mode

Slave out, master in — USCI_AO0 SPI mode

General-purpose digital I/O (not available on F5528, F5526, F5524,
P3.5/TB0.5 42 | N/A | NA | N/JA | 11O |F5522, F5514, F5513 devices)

TBO CCRS5 capture: CCI5A input, compare: Out5 output
General-purpose digital I/O (not available on F5528, F5526, F5524,
P3.6/TB0.6 43 | N/A | NA | N/JA | 1O |F5522, F5514, F5513 devices)

TBO CCRG6 capture: CCIBA input, compare: Out6 output

General-purpose digital I/O (not available on F5528, F5526, F5524,
F5522, F5514, F5513 devices)

Switch all PWM outputs high impedance input — TBO (not available on
F5528, F5526, F5524, F5522, F5514, F5513 devices)

SVM output (not available on F5528, F5526, F5524, F5522, F5514,
F5513 devices)

General-purpose digital I/O with reconfigurable port mapping secondary

P3.7/TBOOUTH/SVMOUT 44 N/A N/A | N/A 110

function

P4.0/PM_UCB1STE/ Default mapping: Slave transmit enable — USCI_B1 SPI mode

PM UCA1CLK 45 41 F5 E8 110 pping _

- Default mapping: Clock signal input — USCI_A1 SPI slave mode

Default mapping: Clock signal output — USCI_A1 SPI master mode
General-purpose digital 1/0 with reconfigurable port mapping secondary
function

P4.1/PM_UCB1SIMO/ 46 42 Ha E7 e - .

PM_UCB1SDA Default mapping: Slave in, master out — USCI_B1 SPI mode
Default mapping: 12C data — USCI_B1 12C mode
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Table 7-1. Terminal Functions (continued)

TERMINAL
NAME NO. o DESCRIPTION
ZXH,
PN | RGC | YFF ZQE
General-purpose digital 1/0 with reconfigurable port mapping secondary
function
P4.2/PM_UCB1SOMI/ 47 43 Ga D9 /o - _
PM_UCB1SCL Default mapping: Slave out, master in — USCI_B1 SPI mode

Default mapping: 12C clock — USCI_B1 I12C mode

General-purpose digital 1/0 with reconfigurable port mapping secondary

function

E:\‘fﬁéﬂmusc_r?c'-w 48 44 F4 D8 /O |Default mapping: Clock signal input — USCI_B1 SPI slave mode

- Default mapping: Clock signal output — USCI_B1 SPI master mode

Default mapping: Slave transmit enable — USCI_A1 SPI mode

DVSS2 49 39 H6 F9 Digital ground supply

DVvCC2 50 40 H5 E9 Digital power supply
General-purpose digital I/O with reconfigurable port mapping secondary
function

E4MjﬁglA_1UScl:|G:)TXD/ 51 45 H3 D7 Vo Default mapping: Transmit data — USCI_A1 UART mode
Default mapping: Slave in, master out — USCI_A1 SPI mode
General-purpose digital I/O with reconfigurable port mapping secondary
function

E;\‘Afﬁéﬂ/ﬂUSCOAI\JIFXD/ 52 46 G3 C9 Vo Default mapping: Receive data — USCI_A1 UART mode

Default mapping: Slave out, master in — USCI_A1 SPI mode

General-purpose digital 1/0 with reconfigurable port mapping secondary
P4.6/PM_NONE 53 | 47 F3 c8 | 1o |function
Default mapping: no secondary function.

General-purpose digital 1/0 with reconfigurable port mapping secondary
P4.7/PM_NONE 54 48 E4 Cc7 110 |function
Default mapping: no secondary function.

General-purpose digital I/O (not available on F5528, F5526, F5524,
F5522, F5514, F5513 devices)

TBO CCRO capture: CCIOA input, compare: Out0 output (not available
on F5528, F5526, F5524, F5522, F5514, F5513 devices)

General-purpose digital I/O (not available on F5528, F5526, F5524,
F5522, F5514, F5513 devices)

TBO CCR1 capture: CCI1A input, compare: Out1 output (not available
on F5528, F5526, F5524, F5522, F5514, F5513 devices)

General-purpose digital I/O (not available on F5528, F5526, F5524,
F5522, F5514, F5513 devices)

TBO CCR2 capture: CCI2A input, compare: Out2 output (not available
on F5528, F5526, F5524, F5522, F5514, F5513 devices)

General-purpose digital I/0 (not available on F5528, F5526, F5524,
F5522, F5514, F5513 devices)

TBO CCR3 capture: CCI3A input, compare: Out3 output (not available
on F5528, F5526, F5524, F5522, F5514, F5513 devices)

General-purpose digital I/0O (not available on F5528, F5526, F5524,
F5522, F5514, F5513 devices)

TBO CCR4 capture: CCI4A input, compare: Out4 output (not available
on F5528, F5526, F5524, F5522, F5514, F5513 devices)

General-purpose digital I/O (not available on F5528, F5526, F5524,
F5522, F5514, F5513 devices)

P5.6/TB0.0 55 N/A N/A | N/A 1/10

P5.7/TB0.1 56 N/A N/A | N/A 110

P7.4/TB0.2 57 N/A N/A | N/A 110

P7.5/TB0.3 58 N/A N/A | N/A 110

P7.6/TB0.4 59 N/A N/A | N/A 110

P7.7/TBOCLK/MCLK 60 N/A N/A | N/A 110
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Table 7-1. Terminal Functions (continued)

TERMINAL

NO.

NAME ZXH,
PN | RGC | YFF ZQE

o™ DESCRIPTION

TBO clock signal TBCLK input (not available on F5528, F5526, F5524,
F5522, F5514, F5513 devices)

MCLK output (not available on F5528, F5526, F5524, F5522, F5514,
F5513 devices)

VSSU 61 49 H2 |B8, B9 USB PHY ground supply
General-purpose digital 1/0. Controlled by USB control register
USB data terminal DP

USB pullup resistor pin (open drain). The voltage level at the PUR pin is
PUR 63 51 G2 B7 /0 |used to invoke the default USB BSL. Recommended 1-MQ resistor to
ground. See Section 9.5.1 for more information.

PU.0/DP 62 50 H1 A9 110

General-purpose digital 1/0. Controlled by USB control register

PU.1/DM 64 52 G1 A8 110
USB data terminal DM
VBUS 65 53 F2 A7 USB LDO input (connect to USB power source)
VUSB 66 54 F1 A6 USB LDO output
V18 67 55 E2 B6 USB regulated power (internal use only, no external current loading)
AVSS2 68 56 D2 A5 Analog ground supply
General-purpose digital 1/0
P5.2/XT2IN 69 57 E1 B5 110 . .
Input terminal for crystal oscillator XT2
General-purpose digital 1/0
P5.3/XT20UT 70 58 D1 B4 110
Output terminal of crystal oscillator XT2
Test mode pin — selects 4-wire JTAG operation
TEST/SBWTCK®) 71 59 E3 A4 | o o . .
Spy-Bi-Wire input clock when Spy-Bi-Wire operation activated
General-purpose digital 1/0
PJ.0/TDO®) 72 60 D3 C5 /0

JTAG test data output port
General-purpose digital 1/0
PJ.1/TDI/TCLK®) 73 61 D4 Cc4 110 |JTAG test data input

Test clock input

General-purpose digital 1/0
JTAG test mode select

PJ.2/TMS®) 74 62 C1 A3 /0

General-purpose digital 1/0

JTAG test clock

Reset input, active low(®)

RST/NMI/SBWTDIO® 76 64 D5 A2 I/0 |Nonmaskable interrupt input

Spy-Bi-Wire data input/output when Spy-Bi-Wire operation activated

PJ.3/TCK®) 75 63 C2 B3 110

General-purpose digital 1/0
P6.0/CB0/AO 77 1 B1 A1 1/0 | Comparator_B input CBO
Analog input AO for ADC (not available on F551x devices)

General-purpose digital 1/0
P6.1/CB1/A1 78 2 C3 B2 /0 |Comparator_B input CB1
Analog input A1 for ADC (not available on F551x devices)

General-purpose digital 1/0
P6.2/CB2/A2 79 3 A1 B1 /0 |Comparator_B input CB2
Analog input A2 for ADC (not available on F551x devices)

General-purpose digital 1/0
P6.3/CB3/A3 80 4 C4 C2 110

Comparator_B input CB3
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Table 7-1. Terminal Functions (continued)
TERMINAL
NO. o DESCRIPTION
NAME ZXH,
PN | RGC | YFF ZQE
Analog input A3 for ADC (not available on F551x devices)
Reserved N/A | N/A | N/A @ Reserved. Connect to ground.
QFN Pad N/A | Pad N/A N/A QFN package pad. Tl recommends connecting to Vgs.
(1) 1 =input, O = output, N/A = not available

(2) Ce6, D4, D5, D6, E3, E4, E5, E6, F3, F4, F5, F6, F7, F8, G3 are reserved and should be connected to ground.

(3) VCORE is for internal use only. No external current loading is possible. Connect VCORE to the recommended capacitor value, Cycore
(see Section 8.3).

(4) See Section 9.5 and Section 9.6 for use with BSL and JTAG functions.

(5) See Section 9.6 for use with JTAG function.

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

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

Typical (TYP) values are specified at Vo = 3.3 V and Ta = 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 Vgg -0.3 4.1 \%
Voltage applied to any pin (excluding VCORE, VBUS, V18) -0.3 Ve +03 \Y
Diode current at any device pin +2 mA
Maximum operating junction temperature, T, 95 °C
Storage temperature, Tgig ) 55 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, and functional operation of the device at these or any other conditions beyond those indicated under Recommended Operating
Conditions is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) All voltages referenced to Vgg. VCORE is for internal device use only. No external DC loading or voltage should be applied.

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

8.2 ESD Ratings

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

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

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

MIN NOM MAX| UNIT
PMMCOREVx = 0 1.8 3.6
Vv Supply voltage during program execution and flash PMMCOREVx =0, 1 2.0 3.6 v
ce programming (AVcc = DV¢cq = DVeez = DVee)) @) PMMCOREVx =0, 1, 2 22 36
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 3.6
Ve, use \
PMMCOREVx=0,1,2,3 24 3.6
Supply voltage during USB operation, USB PLL enabled®), |PMMCOREVx =2 22 3.6
USB_EN =1, UPLLEN =1 PMMCOREVx = 2, 3 24 3.6
Vss Supply voltage (AVSS =DVggq = DVggo = DVss) 0 \%
Ta Operating free-air temperature | version -40 85| °C
T, Operating junction temperature | version —40 85| °C
CvCOoRE Recommended capacitor at VCORE®) 470 nF
Covee!  Capacitor ratio of DVCC to VCORE 10 ratio
Cvcore
PMMCOREVx = 0,
1.8V<sVcc<36V 0 8.0
(default condition)
. ) PMMCOREVxX = 1, 0 120
foysTEM Proces_sor frequency (maximum MCLK frequency) 20V<sVccs36V ' MHz
(see Figure 8-1)
PMMCOREVx = 2, 0 20.0
22V <Vcc<36V '
PMMCOREVx = 3,
24V <Vcc<36V 0 25.0
fsystem_uss Minimum processor frequency for USB operation 1.5 MHz
USB_wait  Wait state cycles during USB operation 16 cycles

(1) Tl recommends powering AVCC and DVCC from the same source. A maximum difference of 0.3 V between AVCC and DVCC can be
tolerated during power up and operation.

(2) The minimum supply voltage is defined by the supervisor SVS levels when it is enabled. See the Section 8.22 threshold parameters for

the exact values and further details.
(3) USB operation with USB PLL enabled requires PMMCOREVx 2 2 for proper operation.
(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.
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Figure 8-1. Maximum System Frequency

8.4 Active Mode Supply Current Into V¢ Excluding External Current

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

FREQUENCY (fpco = fucLk = fsmcLk)
PARAMETER E;iﬂg;?{" Vec | PMMCOREVx 1 MHz 8 MHz 12 MHz 20 MHz 25MHz | UNIT
TYP MAX| TYP MAX| TYP MAX| TYP MAX| TYP MAX

0 036 047 232 260
1 0.40 2.65 40 44

'aM, Fiash Flash 3oV 2 0.44 2.90 43 714 17 mA
3 0.46 3.10 46 7.6 101 1.0
0 020 024] 120 1.30
1 0.22 1.35 20 22

o, Raw RAM 3oV 2 0.24 1.50 2.2 37 42 mA
3 0.26 1.60 2.4 3.9 53 62

(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.

(38) Characterized with program executing typical data processing. USB disabled (VUSBEN = 0, SLDOEN = 0).
fACLK = 32786 Hz, fDCO = fMCLK = fSMCLK at Specified frequency.
XTS = CPUOFF = SCG0 = SCG1 = OSCOFF= SMCLKOFF = 0.

24 Submit Document Feedback Copyright © 2020 Texas Instruments Incorporated

Product Folder Links: MSP430F5529 MSP430F5528 MSP430F5527 MSP430F5526 MSP430F5525
MSP430F5524 MSP430F5522 MSP430F5521 MSP430F5519 MSP430F5517 MSP430F5515 MSP430F5514
MSP430F5513


http://www.ti.com/product/MSP430F5529
http://www.ti.com/product/MSP430F5528
http://www.ti.com/product/MSP430F5527
http://www.ti.com/product/MSP430F5526
http://www.ti.com/product/MSP430F5525
http://www.ti.com/product/MSP430F5524
http://www.ti.com/product/MSP430F5522
http://www.ti.com/product/MSP430F5521
http://www.ti.com/product/MSP430F5519
http://www.ti.com/product/MSP430F5517
http://www.ti.com/product/MSP430F5515
http://www.ti.com/product/MSP430F5514
http://www.ti.com/product/MSP430F5513
http://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLAS590P&partnum=MSP430F5529
http://www.ti.com/product/msp430f5529?qgpn=msp430f5529
http://www.ti.com/product/msp430f5528?qgpn=msp430f5528
http://www.ti.com/product/msp430f5527?qgpn=msp430f5527
http://www.ti.com/product/msp430f5526?qgpn=msp430f5526
http://www.ti.com/product/msp430f5525?qgpn=msp430f5525
http://www.ti.com/product/msp430f5524?qgpn=msp430f5524
http://www.ti.com/product/msp430f5522?qgpn=msp430f5522
http://www.ti.com/product/msp430f5521?qgpn=msp430f5521
http://www.ti.com/product/msp430f5519?qgpn=msp430f5519
http://www.ti.com/product/msp430f5517?qgpn=msp430f5517
http://www.ti.com/product/msp430f5515?qgpn=msp430f5515
http://www.ti.com/product/msp430f5514?qgpn=msp430f5514
http://www.ti.com/product/msp430f5513?qgpn=msp430f5513

. MSP430F5529, MSP430F5528, MSP430F5527, MSP430F5526, MSP430F5525, MSP430F5524,

I} TEXAS MSP430F5522, MSP430F5521, MSP430F5519, MSP430F5517, MSP430F5515, MSP430F5514,
INSTRUMENTS MSP430F5513
www.ti.com SLAS590P — MARCH 2009 — REVISED SEPTEMBER 2020

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)

-40°C 25°C 60°C 85°C
PARAMETER Vee | PMMCOREVX UNIT
TYP MAX| TYP MAX| TYP MAX| TYP MAX
| ] o0 @ |22V 0 73 77 85 80 85 ol
ow-power moae
LPMO.TMIHz P 30V 3 79 83 92| e8 95 105 "
22V 0 6.5 6.5 12 10 11 17
ILpm2 Low-power mode 2 4) pA
3.0V 3 7.0 7.0 13 11 12 18
0 1.60 1.90 2.6 56
22V 1 1.65 2.00 27 5.9
2 1.75 2.15 2.9 6.1
Low-power mode 3,
ILPM3XTILE Crystgl ade® (@ 0 1.8 21 29| 28 58 83| pA
1 1.9 2.3 2.9 6.1
3.0V
2 2.0 2.4 3.0 6.3
3 2.0 25 39| 3.1 64 93
0 1.1 14 27 19 49 74
Low-power mode 3 1 1.1 1.4 20 5.2
| ' 3.0V A
LPMSVLO  vLO mode(”) @) 2 1.2 15 21 53 H
3 13 16 30| 22 54 85
0 0.9 11 15| 138 48 73
| ] 0a®® | 30y 1 1.1 1.2 2.0 5.1 .
ow-power moae .
LPM4 P 2 1.2 1.2 2.1 52 H
3 13 13 16| 22 53 8.1
I.pMmas Low-power mode 4.5(9) 3.0V — 0.15 0.18 0.35| 0.26 0.5 1.0 pA

(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)  Current for watchdog timer clocked by SMCLK included. ACLK = low frequency crystal operation (XTS = 0, XT1DRIVEXx = 0).
CPUOFF =1, SCGO0 =0, SCG1 =0, OSCOFF =0 (LPMO), fACLK = 32768 Hz, fMCLK =0 MHz, fSMCLK = fDCO =1 MHz
USB disabled (VUSBEN = 0, SLDOEN = 0).

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

(5) Current for watchdog timer and RTC clocked by ACLK included. ACLK = low frequency crystal operation (XTS = 0, XT1DRIVEx = 0).
CPUOFF = 1, SCGO0 = 0, SCG1 = 1, OSCOFF =0 (LPMQ), fACLK = 32768 HZ, fMCLK =0 MHZ, fSMCLK = fDCO =0 MHZ, DCO setting =1

MHz operation, DCO bias generator enabled.
USB disabled (VUSBEN = 0, SLDOEN = 0)

(6) Current for watchdog timer and RTC clocked by ACLK included. ACLK = low frequency crystal operation (XTS = 0, XT1DRIVEx = 0).

CPUOFF = 1, SCGO = 1, SCG1 = 1, OSCOFF =0 (LPM3), fACLK = 32768 HZ, fMCLK = fSMCLK = fDCO =0 MHz
USB disabled (VUSBEN = 0, SLDOEN = 0)
(7)  Current for watchdog timer and RTC clocked by ACLK included. ACLK = VLO.
CPUOFF =1, SCG0 =1, SCG1 =1, OSCOFF =0 (LPM3), fACLK = f\/|_o, fMCLK = fSMCLK = fDCO =0 MHz
USB disabled (VUSBEN = 0, SLDOEN = 0)
(8) CPUOFF =1, SCGO = 1, SCG1 = 1, OSCOFF = 1 (LPM4); foco = facLk = fmcik = fsmoLk = 0 MHz
USB disabled (VUSBEN = 0, SLDOEN = 0)
(9) Internal regulator disabled. No data retention.
CPUOFF = 1, SCGO0 = 1, SCG1 = 1, OSCOFF = 1, PMMREGOFF =1 (LPM45), fDCO = fACLK = fMCLK = fSMCLK =0 MHz
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8.6 Thermal Resistance Characteristics

THERMAL METRIC() VALUE UNIT
LQFP (PN) 70
Low-K board (JESD51-3) VQFN (RGC) 55
BGA (ZQE) 84
ROya  Junction-to-ambient thermal resistance, still air °C/W
LQFP (PN) 45
High-K board (JESD51-7) VQFN (RGC) 25
BGA (ZQE) 46
LQFP (PN) 12
R8,c  Junction-to-case thermal resistance VQFN (RGC) 12 °C/W
BGA (ZQE) 30
LQFP (PN) 22
R8s  Junction-to-board thermal resistance VQFN (RGC) 6 °C/W
BGA (ZQE) 20

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

8.7 Schmitt-Trigger Inputs — General-Purpose 1/0
(P1.0 to P1.7, P2.0 to P2.7, P3.0 to P3.7, P4.0 to P4.7,
P5.0 to P5.7, P6.0 to P6.7, P7.0 to P7.7, P8.0 to P8.2, PJ.0 to PJ.3, RST/NMI)

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

PARAMETER(") TEST CONDITIONS Vee MIN TYP  MAX| UNIT

. o 1.8V 0.80 1.40

ViT+ Positive-going input threshold voltage 3V 150 2.10 \%
) o 1.8V 0.45 1.00

Vi Negative-going input threshold voltage 3V 075 165 \
1.8V 0.3 0.85

Vhys Input voltage hysteresis (Vi1+ — V|1_) 3V 04 10 \

Reu Pullup and pulldown resistor® Eg: gz::gg;v\;':szlejflcc 20 35 50| kQ

C Input capacitance VN = Vss or Vee 5 pF

(1) Same parametrics apply to clock input pin when the crystal bypass mode is used on XT1 (XIN) or XT2 (XT2IN).
(2) Also applies to RST pin when pullup or pulldown resistor is enabled.

8.8 Inputs — Ports P1 and P2
(P1.0 to P1.7, P2.0 to P2.7)

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
PARAMETER(") TEST CONDITIONS Vce MIN MAX| UNIT

tint) 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 is met. It may be set by trigger signals
shorter than tn).
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8.9 Leakage Current — General-Purpose 1/0
(P1.0 to P1.7, P2.0 to P2.7, P3.0 to P3.7, P4.0 to P4.7)
(P5.0 to P5.7, P6.0 to P6.7, P7.0 to P7.7, P8.0 to P8.2, PJ.0 to PJ.3, RST/NMI)

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

PARAMETER

TEST CONDITIONS

Vee MIN MAX| UNIT

likg(Px.y) High-impedance leakage current

See (1) @)

1.8V,3V -50 50| nA

(1)

(2)
disabled.

8.10 Outputs — General-Purpose 1/O (Full Drive Strength)
(P1.0 to P1.7, P2.0 to P2.7, P3.0 to P3.7, P4.0 to P4.7,

P5.0 to P5.7, P6.0 to P6.7, P7.0 to P7.7, P8.0 to P8.2, PJ.0 to PJ.3)

The leakage current is measured with Vgg or V¢ applied to the corresponding pin(s), unless otherwise noted.
The leakage of the digital port pins is measured individually. The port pin is selected for input and the pullup or pulldown resistor is

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 Vee —0.25 Vee

v High-level output voltage |(OHmax) = —10 mA2) Vee —0.60 Vee v
OH (see Figure 8-8 and Figure 8-9) | OHmax) = 5 mAM sy Vee - 0.25 Vee
l(oHmax) = —15 MA@ Ve - 0.60 Veo
l(oLmax) = 3 mA(M 18V Vss Vss+0.25

v Low-level output voltage l(oLmax) = 10 MA@ Vgs Vss +0.60 v
oL (see Figure 8-6 and Figure 8-7) lOLmax) = 5 mAM Sy Vgs Vgs + 0.25
loLmax) = 15 MA(2) Vgs Vgg + 0.60

(1)
@)

drop specified.

drop specified.

8.11 Outputs — General-Purpose /O (Reduced Drive Strength)
(P1.0 to P1.7, P2.0 to P2.7, P3.0 to P3.7, P4.0 to P4.7,

P5.0 to P5.7, P6.0 to P6.7, P7.0 to P7.7, P8.0 to P8.2, PJ.0 to PJ.3)

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

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

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 Ve —0.25 Vee

v High-level output voltage l(oHmax) = =3 MA2) ' Ve —0.60 Vee v
OH (see Figure 8-4 and Figure 8-5) | oHmax) = —2 mA() Ve —0.25 Vee

3.0V

l(OHmax) = —6 mA®@) Vee —0.60 Vee
I(OLmax) =1 mA 18V Vss Vss+0.25

vV Low-level output voltage l(oLmax) = 3 mA@) ' Vss Vss+0.60 v
oL (see Figure 8-2 and Figure 8-3) lOLman) = 2 mAM 2oV Vss Vss +0.25
l(oLmax) = 6 mA®) . Vgs Vgs +0.60

M
drop specified.
)
drop specified.
3

Selecting reduced drive strength may reduce EMI.

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

The maximum total current, | oHmax) @nd l(oLmax), for all outputs combined, should not exceed +100 mA to hold the maximum voltage
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8.12 Output Frequency — General-Purpose I/O
(P1.0 to P1.7, P2.0 to P2.7, P3.0 to P3.7, P4.0 to P4.7,
P5.0 to P5.7, P6.0 to P6.7, P7.0 to P7.7, P8.0 to P8.2, PJ.0 to PJ.3)

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

PARAMETER TEST CONDITIONS MIN MAX| UNIT
VCC =18 V, 16
f Port output frequency See (@ PMMCOREVx = 0 MHz
Pxy (with load) Vee =3V, 2
PMMCOREVx = 3 5
VCC =1.8YV, 16
f c ACLK, SMCLK, MCLK, PMMCOREVx =0
Port_CLK lock output frequency C, = 20 pF®@ MHz
L P Vec =3V, 25
PMMCOREVx = 3

(1) Aresistive divider with 2 x R1 between V¢ and Vss is used as load. The output is connected to the center tap of the divider. For full
drive strength, R1 = 550 Q. For reduced drive strength, R1 = 1.6 kQ. C, = 20 pF is connected to the output to Vgs.

(2) The output voltage reaches at least 10% and 90% V¢ at the specified toggle frequency.
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8.13 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 8.0
Vee=3.0V V=18V T,=25°C
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< 7.0/ Pxy
% T,=25°C £
= 200 I —_—
o /f z 6.0 TA =85°C _ |
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5 =
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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
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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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8.14 Typical Characteristics — Outputs, Full Drive Strength (PxDS.y = 1)

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

lo. — Typical Low-Level Output Current — mA
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Figure 8-6. Typical Low-Level Output Current vs
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loy — Typical High-Level Output Current — mA

0.0
-5.0
-10.0
-15.0
-20.0
-25.0
-30.0
-35.0
-40.0
-45.0
-50.0
-55.0
-60.0

0.0

Px.y

V. =3.0V

T, =85°C

Y
%

7
L

I — Typical High-Level Output Current — mA

T, =25°C

0.5

1.0

1.5

2.0
V., — High-Level Output Voltage — V

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

2.5

High-Level Output Voltage

3.5

0 T
V=18V
Px.y
-4
-8
-12
T,=85°C
T,=25°C
_20 ‘
0.0 0.5 1.0 1.5

V., — High-Level Output Voltage — V

Figure 8-9. Typical High-Level Output Current vs
High-Level Output Voltage

2.0

30

Submit Document Feedback

Copyright © 2020 Texas Instruments Incorporated

Product Folder Links: MSP430F5529 MSP430F5528 MSP430F5527 MSP430F5526 MSP430F5525
MSP430F5524 MSP430F5522 MSP430F5521 MSP430F5519 MSP430F5517 MSP430F5515 MSP430F5514

MSP430F5513


http://www.ti.com/product/MSP430F5529
http://www.ti.com/product/MSP430F5528
http://www.ti.com/product/MSP430F5527
http://www.ti.com/product/MSP430F5526
http://www.ti.com/product/MSP430F5525
http://www.ti.com/product/MSP430F5524
http://www.ti.com/product/MSP430F5522
http://www.ti.com/product/MSP430F5521
http://www.ti.com/product/MSP430F5519
http://www.ti.com/product/MSP430F5517
http://www.ti.com/product/MSP430F5515
http://www.ti.com/product/MSP430F5514
http://www.ti.com/product/MSP430F5513
http://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLAS590P&partnum=MSP430F5529
http://www.ti.com/product/msp430f5529?qgpn=msp430f5529
http://www.ti.com/product/msp430f5528?qgpn=msp430f5528
http://www.ti.com/product/msp430f5527?qgpn=msp430f5527
http://www.ti.com/product/msp430f5526?qgpn=msp430f5526
http://www.ti.com/product/msp430f5525?qgpn=msp430f5525
http://www.ti.com/product/msp430f5524?qgpn=msp430f5524
http://www.ti.com/product/msp430f5522?qgpn=msp430f5522
http://www.ti.com/product/msp430f5521?qgpn=msp430f5521
http://www.ti.com/product/msp430f5519?qgpn=msp430f5519
http://www.ti.com/product/msp430f5517?qgpn=msp430f5517
http://www.ti.com/product/msp430f5515?qgpn=msp430f5515
http://www.ti.com/product/msp430f5514?qgpn=msp430f5514
http://www.ti.com/product/msp430f5513?qgpn=msp430f5513

I,

www.ti.com

MSP430F5529, MSP430F5528, MSP430F5527, MSP430F5526, MSP430F5525, MSP430F5524,
TeExAs MSP430F5522, MSP430F5521, MSP430F5519, MSP430F5517, MSP430F5515, MSP430F5514,
INSTRUMENTS MSP430F5513

SLAS590P — MARCH 2009 — REVISED SEPTEMBER 2020

8.15 Crystal Oscillator, XT1, Low-Frequency Mode

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

PARAMETER(") TEST CONDITIONS Vce MIN TYP MAX| UNIT
fosc = 32768 Hz, XTS =0, XT1BYPASS =0, 0.075
Differential XT1 oscillator | X 1DRIVEX =1, Tp = 25°C
crystal current consumption |fosc = 32768 Hz, XTS = 0, XT1BYPASS =0,
AloveclF  from lowest drive setting, LF | XT1DRIVEx = 2, Tp = 25°C sov 0170 WA
mode fosc = 32768 Hz, XTS = 0, XT1BYPASS = 0, 0.290
XT1DRIVEx = 3, Tp = 25°C '
XT1 oscillator crystal _ _
fXT4 LFoO frequency, LF mode XTS = 0, XTIBYPASS = 0 32768 Hz
XT1 oscillator logic-level
fxTiLEsw  square-wave input frequency, [XTS = 0, XT1BYPASS = 1) @) 10 32.768 50| kHz
LF mode
XTS =0, XT1BYPASS =0, XT1DRIVEx =0, 210
OA Oscillation allowance for fxr1,LF = 32768 Hz, C ¢t = 6 pF ‘0
L LF crystals®) XTS = 0, XT1BYPASS = 0, XT1DRIVEx = 1, 300
fXT1,LF = 32768 HZ, CL,eff =12 pF
XTS =0, XCAPx = 06 1
c Integrated effective load XTS =0, XCAPx = 1 5.5 F
Leff capacitance, LF mode(®) XTS = 0, XCAPX = 2 85 P
XTS =0, XCAPx =3 12.0
Duty cycle, LF mode ;)(;13; 2'3'\£$§Zu$d atACLK, 30% 70%
Oscillator fault frequency,
frault LF LF o) quency. XTS = 0®) 10 10000| Hz
fosc = 32768 Hz, XTS =0, XT1BYPASS =0, 1000
XT1DRIVEx = 0, Tp = 25°C, Cy ot = 6 pF
tSTARTLF Start-up time, LF mode - 3.0V ms
' fosc = 32768 Hz, XTS = 0, XT1BYPASS =0, 500
XTADRIVEX = 3, Tp = 25°C, C_ ¢ = 12 pF

M

)

©)
(4)

®)

(6)
0

(©)

To improve EMI on the XT1 oscillator, the following guidelines should be observed.

+ Keep the trace between the device and the crystal as short as possible.

« Design a good ground plane around the oscillator pins.

* Prevent crosstalk from other clock or data lines into oscillator pins XIN and XOUT.

* Avoid running PCB traces underneath or adjacent to the XIN and XOUT pins.

» Use assembly materials and processes that avoid any parasitic load on the oscillator XIN and XOUT pins.

» If conformal coating is used, ensure that it does not induce capacitive or resistive leakage between the oscillator pins.

When XT1BYPASS is set, XT1 circuits are automatically powered down. Input signal is a digital square wave with parametrics defined

in the Schmitt-trigger Inputs section of this data sheet.

Maximum frequency of operation of the entire device cannot be exceeded.

Oscillation allowance is based on a safety factor of 5 for recommended crystals. The oscillation allowance is a function of the
XT1DRIVEX settings and the effective load. In general, comparable oscillator allowance can be achieved based on the following
guidelines, but should be evaluated based on the actual crystal selected for the application:

*  For XT1DRIVEx =0, C__¢ < 6 pF.

*  For XT1DRIVEx =1, 6 pF < C_ ¢ < 9 pF.

*  For XT1DRIVEx =2, 6 pF < C_¢¢ < 10 pF.

*  For XT1DRIVEX = 3, C_¢ff 2 6 pF.

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

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

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

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.

Measured with logic-level input frequency but also applies to operation with crystals.
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8.16 Crystal Oscillator, XT2

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)(!) (2)
PARAMETER TEST CONDITIONS Vee MIN TYP MAX| UNIT

fosc =4 MHz, XT20FF = 0, XT2BYPASS =0,

XT2DRIVEx =0, Tp = 25°C 200
fosc = 12 MHz, XT20FF = 0, XT2BYPASS = 0, 260
| XT2 oscillator crystal XT2DRIVEx =1, Tp = 25°C 30V uA
DVCC.XT2 current consumption fosc = 20 MHz, XT20FF = 0, XT2BYPASS = 0, ' 325
XT2DRIVEx = 2, Tp = 25°C
fosc = 32 MHz, XT20FF = 0, XT2BYPASS = 0, 450
XT2DRIVEx = 3, Tp = 25°C
XT2 oscillator crystal _ NG
fXT2 HFO frequency, mode 0 XT2DRIVEX = 0, XT2BYPASS = 0 4 8| MHz
farapy T2 oscillator crystal XT2DRIVEX = 1, XT2BYPASS = 0©) 8 16| MHz
' frequency, mode 1
XT2 oscillator crystal _ NG
fxr2 HF2 frequency, mode 2 XT2DRIVEx = 2, XT2BYPASS = 0 16 24| MHz
feromrs 12 oscillator crystal XT2DRIVExX = 3, XT2BYPASS = 00 24 32| MHz

frequency, mode 3

XT2 oscillator logic-level
fxT2HFSW ~ Square-wave input XT2BYPASS = 14) 3 0.7 32| MHz
frequency, bypass mode

XT2DRIVEx = 0, XT2BYPASS =0,

450
fxT2,HF0 = 6 MHZ, C|_ ot = 15 pF
XT2DRIVEx = 1, XT2BYPASS =0, 320
OA Oscillation allowance for | fxt2HF1 = 12 MHz, G\ o5 = 15 pF 0
HF HF crystals(®) XT2DRIVExX = 2, XT2BYPASS = 0, 200
f)(T2yHF2 =20 MHz, CL'eff =15 pF
XT2DRIVEx = 3, XT2BYPASS =0, 200
fxr2,HF3 = 32 MHz, Cy o = 15 pF
fosc = 6 MHz, XT2BYPASS = 0, XT2DRIVEx = 0, 05

Ta = 25°C, Cpoft = 15 pF
tSTARTHF Start-up time . 3.0V ms
Y fosc = 20 MHz, XT2BYPASS = 0, XT2DRIVEx = 2,

Ta=25°C, C ot = 15 pF 03
Integrated effective load
ClLeff capacitance, HF mode® 1 pF
(]
Duty cycle Measured at ACLK, fxto nr2 = 20 MHz 40% 50% 60%
frault HF Oscillator fault frequency(”) | XT2BYPASS = 1(8) 30 300| kHz

(1) Requires external capacitors at both terminals. Values are specified by crystal manufacturers. In general, an effective load capacitance
of up to 18 pF can be supported.

(2) 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, ensure that it does not induce capacitive or resistive leakage between the oscillator pins.

(3) This represents the maximum frequency that can be input to the device externally. Maximum frequency achievable on the device
operation is based on the frequencies present on ACLK, MCLK, and SMCLK cannot be exceed for a given range of operation.

(4) When XT2BYPASS is set, the XT2 circuit is automatically powered down. Input signal is a digital square wave with parametrics defined
in the Schmitt-trigger Inputs section of this data sheet.

(5) Oscillation allowance is based on a safety factor of 5 for recommended crystals.

(6) Includes parasitic bond and package capacitance (approximately 2 pF per pin).
Because the PCB adds additional capacitance, verify the correct load by measuring the ACLK frequency. For a correct setup, the
effective load capacitance should always match the specification of the used crystal.
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(7) 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.

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

8.17 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 Vce MIN TYP MAX| UNIT
fvLo VLO frequency Measured at ACLK 1.8Vto3.6V 6 9.4 14| kHz
dfy o/dT VLO frequency temperature drift Measured at ACLK(") 1.8Vto3.6V 0.5 %/°C
dfyLo/dVce  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 to 3.6 V)) / MIN(1.8 Vt0o 3.6 V) /(3.6 V-1.8V)
8.18 Internal Reference, Low-Frequency Oscillator (REFO)
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
PARAMETER TEST CONDITIONS Vce MIN TYP MAX| UNIT
IReEFO REFO oscillator current consumption | Tp = 25°C 1.8Vto36V 3 pA
REFO frequency calibrated Measured at ACLK 1.8Vto 3.6V 32768 Hz
frReFO Full temperature range 1.8Vto36V | -3.5% 3.5%
REFO absolute tolerance calibrated
Ta=25°C 3V -1.5% 1.5%
dfrero/dr REFO frequency temperature drift | Measured at ACLK(") 1.8Vto36V 0.01 %/°C
dfrero/dVee REFO frequency supply voltage drift | Measured at ACLK(2) 1.8Vto36V 1.0 %IV
Duty cycle Measured at ACLK 1.8Vto 3.6V 40% 50% 60%
tsTART REFO start-up time 40%/60% duty cycle 1.8Vto3.6V 25 us

(1) Calculated using the box method: (MAX(—40°C to 85°C) — MIN(—40°C to 85°C)) / MIN(—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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8.19 DCO Frequency

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

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
foco(0,0) DCO frequency (0, 0)() DCORSELx =0, DCOx = 0, MODx = 0 0.07 0.20| MHz
focowsn  DCO frequency (0, 31)( DCORSELx = 0, DCOx = 31, MODx = 0 0.70 1.70| MHz
foco(1,0) DCO frequency (1, 0)(V) 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@,0) DCO frequency (2, 0) DCORSELx =2, DCOx = 0, MODx = 0 0.32 0.75| MHz
focoary  DCO frequency (2, 31)M DCORSELXx = 2, DCOx = 31, MODx = 0 317 7.38| MHz
foco@0) DCO frequency (3, 0)( DCORSELx = 3, DCOx = 0, MODx = 0 0.64 151 MHz
focowan  DCO frequency (3, 31)(" DCORSELXx = 3, DCOx = 31, MODx = 0 6.07 14.0| MHz
foco.0) DCO frequency (4, 0)() DCORSELx = 4, DCOX = 0, MODx = 0 1.3 32| MHz
focousny  DCO frequency (4, 31)( DCORSELx = 4, DCOX = 31, MODx = 0 12.3 282| MHz
foco(s.0) DCO frequency (5, 0)(V) DCORSELx = 5, DCOx = 0, MODx = 0 2.5 6.0/ MHz
foco(s.31) DCO frequency (5, 31)" DCORSELx = 5, DCOx = 31, MODx = 0 23.7 54.1| MHz
foco(s,0) DCO frequency (6, 0)(" DCORSELx =6, DCOx = 0, MODx = 0 4.6 10.7| MHz
focoeary  DCO frequency (6, 31)M DCORSELXx = 6, DCOXx = 31, MODx = 0 39.0 88.0| MHz
foco.0) DCO frequency (7, 0) DCORSELx = 7, DCOx = 0, MODx = 0 8.5 19.6| MHz
focozan  DCO frequency (7, 31)(" DCORSELx = 7, DCOx = 31, MODx = 0 60 135 MHz
SbCcoRsEL Erggl:_\?gé{ Ztr?g) ngg%nEfzgf SrsEL = focopcorseL+1,0coyfbcodCORSEL DCO) 1.2 2.3| ratio
Sbco Z:(ajq;grg};s}ep between tap DCO Sbco = focopcorseL bco+1y/focopcorsEL beo) 1.02 1.12| ratio

Duty cycle Measured at SMCLK 40% 50% 60%
dfpco/dT DCO frequency temperature drift?  |fpco = 1 MHz 0.1 %/°C
dfpco/dVee  DCO frequency voltage drift(®) foco =1 MHz 1.9 %IV

(1)  When selecting the proper DCO frequency range (DCORSELXx), the target DCO frequency, fpco, should be set to reside within the
range of fpco(n, 0),Max < foco < focon, 31)min: Where fpcon, 0),max represents the maximum frequency specified for the DCO frequency,

range n, tap 0 (DCOx = 0) and fpco(n,31)min represents the minimum frequency specified for the DCO frequency, range n, tap 31

(DCOx = 31). This ensures that the target DCO frequency resides within the range selected. It should also be noted that if the actual
foco frequency for the selected range causes the FLL or the application to select tap 0 or 31, the DCO fault flag is set to report that the
selected range is at its minimum or maximum tap setting.

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

(3) Calculated using the box method: (MAX(1.8 V to 3.6 V) — MIN(1.8 V to 3.6 V)) / MIN(1.8 Vto 3.6 V) /(3.6 V-1.8V)

100 7
V.. =30V /'
- T,=25°C 7
/ / /
/ / 7
10 ” ,/ // //
= y A—" A— A—
| / /
) /7
- DCOx = 31 / / /
1 o/ / y.
S S
7 7 V4
y 4 y 4
/
7/ 7
0.1 /DCOx =0
0 1 2 3 4 5 6 7

DCORSEL

Figure 8-10. Typical DCO Frequency
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8.20 PMM, Brownout Reset (BOR)
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
V(pvce BOR_IT-) BORy on voltage, DV falling level | dDVc/di | <3 V/s 1.45 \Y
V(bvce BOR_IT+) BORy off voltage, DV rising level | dDVc/di | <3 V/s 0.80 1.30 1.50 \Y
V(bvce BOR_hys) BORy hysteresis 50 250 mvVv
treser Pulse duration required at RST/NMI pin to 2 us
accept a reset
8.21 PMM, Core Voltage
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Vcores(AM) Core voltage, active mode, PMMCOREYV = 3 24V <DVec<36V 1.90 \Y
Vcore2(AM) Core voltage, active mode, PMMCOREYV = 2 22V <DVcc<36V 1.80 \%
Vcore1(AM) Core voltage, active mode, PMMCOREYV = 1 20V <DVgc=36V 1.60 \%
Vcoreo(AM) Core voltage, active mode, PMMCOREV =0 1.8V <DVgc=36V 1.40 \%
Vcores(LPM) Core voltage, low-current mode, PMMCOREYV = 3 24V <DVgc=36V 1.94 \Y
Vcore2(LPM) Core voltage, low-current mode, PMMCOREYV = 2 22V<DVec=36V 1.84 \Y
Vcore1(LPM) Core voltage, low-current mode, PMMCOREYV = 1 20V<DV¢c<36V 1.64 \Y
Vcoreo(LPM)  Core voltage, low-current mode, PMMCOREV = 0 1.8V<DVec 236V 1.44 Vv
8.22 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, DVec = 3.6 V 0
I(svsH) SVS current consumption SVSHE =1, DV¢c = 3.6 V, SVSHFP =0 200 nA
SVSHE =1, DV¢gc = 3.6 V, SVSHFP =1 1.5 pA
SVSHE =1, SVSHRVL =0 1.57 1.68 1.78
Vievsr ) SVS,, on voltage level™) SVSHE =1, SVSHRVL =1 1.79 1.88 1.98 v
- SVSHE =1, SVSHRVL =2 1.98 2.08 2.21
SVSHE =1, SVSHRVL =3 210 2.18 2.31
SVSHE =1, SVSMHRRL =0 1.62 1.74 1.85
SVSHE =1, SVSMHRRL = 1 1.88 1.94 2.07
SVSHE =1, SVSMHRRL =2 2.07 2.14 2.28
Vievsr T SVSy, off voltage level™) SVSHE =1, SVSMHRRL =3 2.20 2.30 2.42 v
- SVSHE =1, SVSMHRRL =4 2.32 2.40 2.55
SVSHE =1, SVSMHRRL =5 2.52 2.70 2.88
SVSHE =1, SVSMHRRL =6 2.90 3.10 3.23
SVSHE =1, SVSMHRRL =7 2.90 3.10 3.23
SVSHE = 1, dVpycc/dt = 10 mV/us, SVSHFP = 1 25
tod(svsH) SVSy propagation delay gs
SVSHE = 1, dVpyec/dt = 1 mV/us, SVSHFP = 0 20
) SVSHE =0 — 1, SVSHFP =1 12,5
tisvsh) SVSy on or off delay time SVSHE=0 o 1, SVSHFP =0 100 us
dVpyec/dt DVCC rise time 0 1000| V/s

(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 use.
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8.23 PMM, SVM High Side

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

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT

SVMHE =0, DV =36V 0 A

l(svMH) SVMy current consumption SVMHE= 1, DV¢c = 3.6 V, SVMHFP =0 200
SVMHE =1, DV¢c =3.6 V, SVMHFP =1 1.5 pA
SVMHE =1, SVSMHRRL =0 1.62 1.74 1.85
SVMHE =1, SVSMHRRL = 1 1.88 1.94 2.07
SVMHE =1, SVSMHRRL = 2 2.07 2.14 2.28
SVMHE =1, SVSMHRRL = 3 2.20 2.30 242

Visvmey  SVMy on or off voltage level( SVMHE =1, SVSMHRRL = 4 2.32 2.40 255 V
SVMHE =1, SVSMHRRL =5 2.52 2.70 2.88
SVMHE =1, SVSMHRRL =6 2.90 3.10 3.23
SVMHE =1, SVSMHRRL =7 2.90 3.10 3.23
SVMHE =1, SVMHOVPE =1 3.75
SVMHE = 1, dVpycc/dt = 10 mV/us, SVMHFP =1 25

todsvmHy)  SVMy propagation delay us
SVMHE = 1, dVpycc/dt = 1 mV/us, SVMHFP = 0 20

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

(1) The SVMy settings available depend on the VCORE (PMMCOREVX) setting. See the Power Management Module and Supply Voltage
Supervisor chapter in the MSP430F5xx and MSP430F6xx Family User's Guide on recommended settings and use.

8.24 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, PMMCOREV = 2, SVSLFP =0 200
SVSLE =1, PMMCOREYV = 2, SVSLFP =1 1.5 pA
. SVSLE = 1, dVgore/dt = 10 mV/us, SVSLFP = 1 2.5
toasvsy)  SVS, propagation delay us
SVSLE = 1, dVgore/dt = 1 mV/ps, SVSLFP = 0 20
, SVSLE =0 — 1, dVgore/dt = 10 mV/ps, SVSLFP = 1 12.5
tsvsL) SVS_ on or off delay time us
SVSLE =0 — 1, dVcoRre/dt = 1 mV/ps, SVSLFP =0 100
8.25 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
Iisvmr) SVM, current consumption SVMLE= 1, PMMCOREYV = 2, SVMLFP =0 200
SVMLE= 1, PMMCOREYV = 2, SVMLFP = 1 1.5 pA
) SVMLE =1, dVgore/dt = 10 mV/ps, SVMLFP = 1 2.5
toasvmr)  SVM_ propagation delay us
SVMLE = 1, dVgore/dt = 1 mV/ps, SVMLFP = 0 20
. SVMLE = 0 — 1, dVeore/dt = 10 mV/ps, SVMLFP = 1 12.5
tisvmL) SVM_ on or off delay time us
SVMLE =0 — 1, dVcogre/dt = 1 mV/us, SVMLFP =0 100
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8.26 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 2 4.0 MHz 3.5 7.5

tWAKE-UP-FAST LPM3, or LPM4 to active (where n=0, 1, 2, or 3), 1.0 MHz < fyck us
mode(" SVSLFP = 1 <4.0 MHz 4.5 9

twake-up-sLow

Wake-up time from LPM2,
LPM3 or LPM4 to active
mode(Z) (3)

PMMCOREV = SVSMLRRL =n
(wheren =0, 1, 2, 0r 3), SVSLFP =0

150  165| s

twake-up-LPM5

Wake-up time from LPM4.5 to
active mode(®)

twake-uP-RESET

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

M

@)

@)
4)

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.

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.

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.

This value represents the time from the wake-up event to the reset vector execution.

8.27 Timer_A

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,
fra Timer_A input clock frequency External: TACLK, 1.8V,3V 25| MHz
Duty cycle = 50% +10%
) - All capture inputs, minimum pulse
tracap  Timer_A capture timing duration required for capture 18V,3V 20 ns
8.28 Timer_B
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,
fre Timer_B input clock frequency External: TBCLK, 1.8V,3V 25| MHz
Duty cycle = 50% +10%
) - All capture inputs, minimum pulse
trecap  Timer_B capture timing duration required for capture 18V,3V 20 ns
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8.29 USCI (UART Mode) Clock Frequency

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

PARAMETER CONDITIONS MIN MAX| UNIT
Internal: SMCLK or ACLK,
fuscl USCI input clock frequency External: UCLK, fsystem| MHz
Duty cycle = 50% £10%
BITCLK clock frequency
fareLk (equals baud rate in MBaud) 1) MHz

8.30 USCI (UART Mode)

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

PARAMETER Vce MIN MAX| UNIT
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 duration should exceed the maximum specification of the deglitch time.
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8.31 USCI (SPI Master Mode) Clock Frequency

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

PARAMETER TEST CONDITIONS MIN MAX| UNIT
. Internal: SMCLK or ACLK,
fusci  USCl input clock frequency Duty cycle = 50% £10% fsystem| MHz

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 Vee MIN MAX| UNIT
. SMCLK or ACLK,
fusci USCI input clock frequency Duty cycle = 50% +10% fsystem| MHz
1.8V 55
PMMCOREYV = 0
t SOMI input data setup ti S0V %8
INnput data setup time ns
SU,MI p p 24V 30
PMMCOREYV = 3
3.0V 25
18V 0
PMMCOREV = 0
t SOMI input data hold ti 30V 0
input data hold time ns
HOMI P 24V 0
PMMCOREV = 3
3.0V 0
UCLK edge to SIMO valid, 1.8V 20
C_ =20 pF, PMMCOREYV =0 3.0V 18
tvaupmo  SIMO output data valid time(?) ns
UCLK edge to SIMO valid, 24V 16
C_ =20 pF, PMMCOREYV =3 3.0V 15
18V -10
C_ = 20 pF, PMMCOREYV = 0
t SIMO output data hold time() 30V -8
output data ho ime ns
HD.MO P 24V ~10
C_ = 20 pF, PMMCOREV = 3
3.0V -8

(1) fucxerk = 12t ogm With t omi 2 max(tyavio,moscry * tsu,sistave) tsumiuscl) + tvaLID,sO(Slave))

For the slave parameters tsy si(siave) @Nd tvaLiD,sO(slave), S€€ the SPI parameters of the attached slave.
(2) Specifies the time to drive the next valid data to the SIMO output after the output changing UCLK clock edge. See the timing diagrams

in Figure 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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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 11
PMMCOREV =0
3.0V 8
tsteLeap  STE lead time, STE low to clock oy - ns
PMMCOREYV =3 :
3.0V 6
1.8V 3
PMMCOREV =0
3.0V 3
tsteac  STE lag time, Last clock to STE high Y . ns
PMMCOREV = 3 ’
3.0V 3
1.8V 66
PMMCOREV =0
3.0V 50
tsteacc  STE access time, STE low to SOMI data out Ay - ns
PMMCOREYV = 3 ’
3.0V 30
1.8V 30
PMMCOREV =0
3.0V 23
tstepis  STE disable time, STE high to SOMI high impedance v = ns
PMMCOREYV = 3 ’
3.0V 13
1.8V 5
PMMCOREV =0
t SIMO input dat tup ti 3.0V 5
input data setup time ns
- " " 24V 2
PMMCOREYV = 3
3.0V 2
1.8V 5
PMMCOREV =0
t SIMO i t data hold ti 3.0V 5
input data hold time s
HD,SI p - °
PMMCOREYV = 3
3.0V 5
UCLK edge to SOMI valid, 1.8V 76
C_ = 20 pF, PMMCOREV =0 30V 60
tyaLp,so SOMI output data valid time(® ns
UCLK edge to SOMI valid, 24V 44
C_ =20 pF, PMMCOREV =3 30V 20
1.8V 18
C_ =20 pF, PMMCOREV =0
t SOMI output data hold time(®) 3.0V 12
output data hold time s
HD,SO p - >
C_ =20 pF, PMMCOREV = 3
3.0V 8

(1) fucxcrk = 12t ogm With tL o 2 max(tyaLip,moMaster) + tsu,siusciy tsuMiMaster) + tvaLiD,sousc))
For the master parameters tsy miMaster) aNd tyaLip,MoMaster) 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)
PARAMETER TEST CONDITIONS Vee 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
tipsta  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
tyuppar  Data hold time 22V,3V 0 ns
tsupar  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 spik d by input filt 22V %0 000
ulse duration of spikes suppresse input filter ns
SP p pp y Inp! 3V 50 600
k—’li tHD.STA tSU STA *—“4—» tHD,STA tBUF 4“—"

S — c— G WY o "

| b =

SCL_* )/_\ } /_\ “m

\
\
||
‘ “—"7 tSU‘DAT tSU‘STO M
tHD‘DAT H

Figure 8-15. 12C Mode Timing
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8.35 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 Vce MIN TYP MAX| UNIT

AVCC and DVCC are connected together,

AVce Analog supply voltage AVSS and DVSS are connected together, 2.2 3.6 V
Viavss) = Vipvss) =0V

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

Operating supply current into _ ) 22V 125 155

labc12.a  AvCC terminal® fapcizcik = 5.0 MHz 3V 150 220 HA

C Input capacitance smnle}/ one terminal Ax can be selected at one 20V 20 25| pF

R, Input MUX ON resistance 0V <Vp <AVCC 10 200 1900 Q

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

(2) The analog input voltage range must be within the selected reference voltage range Vg, to Vr_ for valid conversion results. If the
reference voltage is supplied by an external source or if the internal reference voltage is used and REFOUT = 1, then decoupling
capacitors are required. See Section 8.40 and Section 8.41.

(3) The internal reference supply current is not included in current consumption parameter lapci2_a-
(4) ADC120N =1, REFON =0, SHT0 =0, SHT1 =0, ADC12DIV =0

8.36 12-Bit ADC, Timing Parameters

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

PARAMETER TEST CONDITIONS Vce MIN TYP  MAX| UNIT
For specified performance of ADC12 linearity
parameters using an external reference voltage or 0.45 4.8 5.0
AVCC as referencel(")
faDC12CLK glgg(conversmn For specified performance of ADC12 linearity 22V,3V 045 24 4.0 MHz
parameters using the internal reference(? ) : :
For specified performgnce of ADC12 Ilng?rlty 045 24 27
parameters using the internal reference
Internal ADC12
fADC1ZOSC oscillator(4) ADC12DIV = O, fADC12CLK = fADC‘IZOSC 2.2 V, 3V 4.2 4.8 54 MHz
REFON = 0, internal oscillator,
o ADC120SC used for ADC conversion clock 22V, 3V 2.4 34
tconvert Conversion time us
External fapc12cLk from ACLK, MCLK, or SMCLK, 13 x
ADC12SSEL # 0 1/ fapci2cLK
L Rs =400 Q, R, =1000 Q, C, = 20 pF,
tsampe  Sampling time t= (R + R x G, © 1=20p 22V,3V | 1000 ns

(1) REFOUT = 0, external reference voltage: SREF2 = 0, SREF1 = 1, SREFO = 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 fapci2c Lk maximum of 5.0 MHz.

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

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

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

(5) Approximately 10 Tau (t) 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
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8.37 12-Bit ADC, Linearity Parameters Using an External Reference Voltage or AVCC as
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@ +2.0

E| Integral linearity error(!) 22V,3V LSB
1.6 V < dVREF® +1.7

Ep Differential linearity error() See @ 22V,3V +1.0| LSB
dVREF £2.2 V@ +1.0 +2.0

Eo Offset error(3) 22V,3V LSB
dVREF >2.2 V@) +1.0 +2.0

Eg Gain error® See (2 22V,3V 1.0 20| LSB
dVREF £2.2V® +1.4 +3.5

Et Total unadjusted error 22V,3V LSB
dVREF >2.2 V) +1.4 +3.5

(1)
@)

(©)

Parameters are derived using the histogram method.

The external reference voltage is selected by: SREF2 = 0 or 1, SREF1 = 1, SREFO0 = 0. dVREF = Vg, — Vgr_, Vr+ <AVCC, Vr_>
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+ and VREF- to decouple the dynamic current. Also see the MSP430F5xx
and MSP430F6xx Family User's Guide.

Parameters are derived using a best fit curve.

8.38 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() Vee MIN TYP MAX| UNIT
. Integral inearty |ADC12SR =0, REFOUT = 1 fapciacik = 4.0 MHz 2V 3V 07 o
| 2 . ’
error(?) ADC12SR = 0, REFOUT = 0 fapcizcik = 2.7 MHz 12,5
ADC12SR = 0, REFOUT = 1 fapciacLk = 4.0 MHz ~1.0 +2.0
Differential _ _ _
E>  noarity omor® |ADC12SR =0, REFOUT = 1 fapciacik = 2.7 MHz 22V,3V | -1.0 +15| LSB
ADC12SR = 0, REFOUT =0 fADC120LK =2.7 MHz -1.0 +2.5
ADC12SR = 0, REFOUT = 1 f = 4.0 MHz +1. +2.0
Eo  Offset error® ADCT2CLK 22V,3V LSB
ADC12SR = 0, REFOUT = 0 fapciacik = 2.7 MHz 2.0
ADC12SR = 0, REFOUT = 1 f = 4.0 MHz + +20| LSB
Es  Gain error® ADCT2CLK 22V,3V .
ADC12SR = 0, REFOUT = 0 fapciacik = 2.7 MHz +1.5%“ | VREF
. Totalunadjusted |ADC12SR =0, REFOUT = 1 fapciacLk = 4.0 MHz 2V 3V +1.4 +35| LSB
T error ADC12SR = 0, REFOUT =0 fapci2cik = 2.7 MHz o +1.5%*| VREF

(1)
@
(©)
(4)

The internal reference voltage is selected by: SREF2 = 0 or 1, SREF1 = 1, SREFO0 = 1. dVREF = Vg — Vg_.

Parameters are derived using the histogram method.

Parameters are derived using a best fit curve.

The gain error and 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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8.39 12-Bit ADC, Temperature Sensor and Built-In Vyp

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted) (see
Figure 8-16)

PARAMETER(") TEST CONDITIONS Vce MIN TYP MAX| UNIT
ADC120N =1, INCH = 0Ah 22V 680
(2) , )
VsEnsoRr See Ta=0°C 3V 680 m
22V 2.25
TCSENSOR ADC120N =1, INCH = 0Ah 3V 225 mV/°C
) Sample time required if ADC120N = 1, INCH = 0Ah, 22V 100 s
SENSOR(sample)  channel 10 is selected(®) Error of conversion result < 1 LSB 3V 100 H
AVcc divider at channel 11, ADC120N = 1, INCH = 0Bh 048 05 052 Vaycc
Vavce factor
Vmio 22V 1.06 1.1 1.14
AV divider at channel 11 ADC120N =1, INCH = 0Bh \%
3V 1.44 1.5 1.56
Sample time required if ADC120N =1, INCH = 0Bh,
tmID(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, Iger+, 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 Vggnse = TCsensor X (Temperature,°C) + Vgensor, 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
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[0
@ 750 7
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Figure 8-16. Typical Temperature Sensor Voltage
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8.40 REF, External Reference

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

PARAMETER TEST CONDITIONS Vce MIN TYP MAX| UNIT
Positive external reference
VeReF+ voltage input Verer+ > Vrer- and Verer- @) 1.4 AVge| V
Negative external reference
VREF- VeREF- voltgage input Verer+ > Vrer- and Veger- ©) 0 12,V
(VeREF+ — Differential external reference @)
VRer. OfF Verer.) Voltage input Verer+ > Vrer- and Verer- 1.4 AVge| V
1.4V < Verer+ < Vavces
Verer- = 0V, fapci12cik = 5 MHz, B
ADC12SHTx = 1h, 20 26| bA
Conversion rate 200 ksps
IVereF+, VREF-,  giatic input current 22V,3V
VeREF- 1.4V £ Verer+ < Vavee,
Verer- = 0V, fapciaciLk = 5 MHz, 1 1l uA
ADC12SHTx = 8h,
Conversion rate 20 ksps
Capacitance at V; , Vi .
Cvrer+ CvREF- terr?]inal VREF TVREF ® 10 HF

(1) The external reference is used during ADC conversion to charge and discharge the capacitance array. The input capacitance (C)) is
also the dynamic load for an external reference during conversion. The dynamic impedance of the reference supply should follow the
recommendations on analog-source impedance to allow the charge to settle for 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) Two decoupling capacitors, 10 yF and 100 nF, should be connected to VREF to decouple the dynamic current required for an external
reference source if it is used for the ADC12_A. See also the MSP430F5xx and MSP430F6xx Family User's Guide.

8.41 REF, Built-In Reference
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)(")
PARAMETER TEST CONDITIONS Vee MIN TYP MAX| UNIT

REFVSEL = {2} for 2.5 V,
REFON = REFOUT = 1, lyrers = 0 A

Vv Positive built-in reference REFVSEL = {1} for 2.0 V,
REF+ voltage output REFON = REFOUT = 1, lyger+ =0 A

REFVSEL = {0} for 1.5V,
REFON = REFOUT = 1, lyrers = 0 A

24625 250 25375
3V

1.9503 1.98 20097 V

22V,3V | 1.4677 1.49 1.5124

AVCC minimum voltage, REFVSEL = {0} for 1.5 V 2.2
AVcc(min) Pogitive built-in reference REFVSEL = {1} for 2.0 V 23 \Y
active REFVSEL = {2} for 2.5 V 2.8
ADC12SR = 1(4), REFON = 1, REFOUT =0,
REFBURST =0 70100 pA

ADC12SR = 1), REFON = 1, REFOUT =1,

0.45 0.75| mA
Operating supply current into REFBURST =0

| ) 3V

REF* AVCC terminal® () ADC12SR = 0), REFON = 1, REFOUT = 0, 210 310 uaA
REFBURST = 0 H
ADC12SR = 0, REFON = 1, REFOUT =1,
REFBURST = 0 0.9 1.7) mA
REFVSEL = (0, 1, 2),

Load-current regulation, lvrer+ = 710 pA, —1000 pA,

I (vReF+) VREF+ terminal® AVcc = AVcc(min) for each reference level, 2500 pV/mA

REFVSEL = (0, 1, 2), REFON = REFOUT =1
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INSTRUMENTS

8.41 REF, Built-In Reference (continued)
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)(")

PARAMETER TEST CONDITIONS Vece MIN TYP  MAX| UNIT
Capacitance at VREF+ _ _
CVREF+ terminal REFON = REFOUT =1 20 100 pF
Temperature coefficient of vrer+ = 0 A, ppm/
TCReF+ built-in reference(® REFVSEL = (0, 1, 2), REFON =1, 30 50 c
REFOUT =0or 1
AV¢e = AVCC(min) to AVCC(max),
Power supply rejection ratio | Ta = 25°C,
PSRRDC  pc) REFVSEL = (0, 1, 2), REFON = 1, 120 300 wviv
REFOUT =0or 1
AVcc = AVige(min) to AVgg(max),
Power supply rejection ratio Ta=25°C,
PSRRAC (10 pply rej f= 1 kHz, AVpp = 100 mV, 6.4 mV/V
REFVSEL = (0, 1, 2), REFON =1,
REFOUT =0or 1
AV¢c = AVge(min) to AVgg(max),
REFVSEL = (0, 1, 2), REFOUT =0, 75
REFON =0 — 1
t Settling time of reference -
SETTLE voltage(?) AVcc = AVie(min) to AVec(max), us
Cvrer = Cyrer(max), 75
REFVSEL = (0, 1, 2), REFOUT =1,
REFON=0—1

M

@)

)

4)
®)
(6)
0

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 VREF+ terminal. When REFOUT = 1, the reference is available at the VREF+ 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.

The temperature sensor is provided by the REF module. Its current is supplied via terminal AVCC and is equivalent to Iggr. with
REFON =1 and REFOUT = 0.

For devices without the ADC12, the parametrics with ADC12SR = 0 are applicable.

Contribution only due to the reference and buffer including package. This does not include resistance due to PCB trace.

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 treroy is less than £0.5 LSB. The settling time depends on the external
capacitive load when REFOUT = 1.
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8.42 Comparator_B

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

PARAMETER TEST CONDITIONS Vce MIN TYP MAX| UNIT
Vee Supply voltage 1.8 3.6 \%
1.8V 40
Comparator operating supply CBPWRMD =00 22V 30 50
lavec_comp  current into AVCC, excludes 3.0V 40 65 MA
reference resistor ladder CBPWRMD = 01 22V.3V 10 30
CBPWRMD = 10 22V,3V 0.1 0.5
Quiescent current of Ioggl ' CBREFACC = 1,
lavee ReF reference voltage amplifier into - 22 MA
- AVCC CBREFLx =01
Vic Common mode input range 0 Vee -1 \Y
v Inout offset volt CBPWRMD = 00 -20 20 v
nput offset voltage m
OFFSET P 9 CBPWRMD = 01, 10 -10 10
Cin Input capacitance pF
On (switch closed) 4 kQ
Rsin Series input resistance
Off (switch open) 30 MQ
CBPWRMD = 00, CBF =0 450
i ns
top E’rl;:):agatlon delay, response CBPWRMD = 01, CBF = 0 600
CBPWRMD = 10, CBF =0 50 us
CBPWRMD = 00, CBON =1,
CBF = 1, CBFDLY = 00 0.35 0.6 10
CBPWRMD = 00, CBON =1, 06 10 18
for Propagation delay with filter CBF =1, CBFDLY = 01 ' ' ' us
P fier active CBPWRMD = 00, CBON = 1, 10 18 24
CBF =1, CBFDLY =10 ’ ' '
CBPWRMD = 00, CBON =1,
CBF =1, CBFDLY = 11 18 3.4 6.5
CBON =0to CBON =1, 1 2
Comparator enable time, CBPWRMD = 00, 01
ten_cmp ttling time - - HS
setting Ui CBON =0to CBON =1, 100
CBPWRMD = 10
tEN_REF Resistor reference enable time |CBON =0 to CBON =1 1 1.5 us
. . . VIN x VIN x VIN x
Reference voltage for a given | VIN = reference into resistor
VeBREF  5p ladder (n = 0 to 31) (n+09)/ (xS =193V

8.43 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
v
VoL Low-level output voltage ggs E;:Z;Srz \8/-;:;23;‘t:/%%czellthamr':;:teristics 0.4 v
Vin  High-level input voltage ;/::?:;Srz g—fgofzt’typical characteristics 2.0 v
Vi Low-level input voltage ;/::BF;Srz g—f&l?:)/?typical characteristics 08 v
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Figure 8-17. Ports PU.0, PU.1 Typical Low-Level Output Characteristics
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Figure 8-18. Ports PU.0, PU.1 Typical High-Level Output Characteristics
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Figure 8-19. Ports PU.0, PU.1 Typical Input Threshold Characteristics
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8.44 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+ 20 ns
traLL Fall time Full speed, differential, C_ = 50 pF, 10%/90%, Rpu on D+ 20 ns

8.45 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 2.5 \%
ZiN) Input impedance 300 kQ
VcRrs Crossover voltage 1.3 2.0 \%
Vi Static SE input logic low level 0.8 \%
Viy Static SE input logic high level 2.0 \Y
Vpi Differential input voltage 0.2 Y

8.46 USB-PWR (USB Power System)

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

PARAMETER TEST CONDITIONS Vce MIN TYP MAX| UNIT

VLAUNCH VBUS detection threshold 3.75 V
Vgus USB bus voltage Normal operation 3.76 5.5 \%
Vuss USB LDO output voltage 3.003 3.3 3.597 \Y
Vig Internal USB voltage(!) 1.8 \%

Maximum external current from VUSB .
IUSB_EXT terminal(z) USB LDO is on 12 mA
IpeT USB LDO current overload detection(®) 60 100 mA
| Operating supply current into VBUS USB LDO is on, 250 A
SUSPEND terminal® USB PLL disabled H

Operating supply current into VBUS Hgg I{IDB?VIT_ICD”C]) is disabled
luse Lbo terminal, represents the current of the 3.3-V v, _ 50V ’ 1.8V,3V 60 MA

- Bus = 2.0V,
LDO only USBDETEN =0 or 1
Operating supply current into VBUS USBLDO is dlsqbleq,
) USB 1.8-V LDO is disabled,
lygus peTecT  terminal, represents the current of the 1.8V,3V 30 MA
- VBUS detection logic VBUS > Viaunch:
USBDETEN =1
Cgus VBUS terminal recommended capacitance 4.7 uF
Cuss VUSB terminal recommended capacitance 220 nF
Cis V18 terminal recommended capacitance 220 nF
L Within 2%,

tEnABLE Settling time Vysg and Vg recommended capacitances 2| ms
Rpur Pullup resistance of PUR terminal(®) 70 110 150 Q

(1)  This voltage is for internal uses 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 Rpu and Rpd as outlined in the USB specification.
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®)

This value, in series with an external resistor between PUR and D+, produces the Rpu as outlined in the USB specification.

8.47 USB-PLL (USB Phase-Locked Loop)
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
IpLL Operating supply current 7] mA
fpLL PLL frequency 48 MHz
fuPp PLL reference frequency 1.5 MHz
ttock  PLL lock time ms
itter PLL jitter 1000 ps
8.48 Flash Memory
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
PARAMETER T, MIN TYP MAX| UNIT
DVcepemerase)y Program and erase supply voltage 1.8 3.6 V
lpam Average supply current from DVCC during program(® 3 5/ mA
leRASE Average supply current from DVCC during erase(") 6 15| mA
Iverase. leank  Average supply current from DVCC during mass erase or bank erase(") 15| mA
tept Cumulative program time(2) 16| ms
Program and erase endurance 104 10 cycles
tRetention Data retention duration 25°C 100 years
tword Word or byte program time(®) 64 85| s
tBlock, 0 Block program time for first byte or word(®) 49 65| us
tBlock, 1-(N1) S:?;:l;rz{%gram time for each additional byte or word, except for last byte 37 49| s
tBlock, N Block program time for last byte or word(®) 55 73| s
tErase Erase time for segment, mass erase, and bank erase when available(®) 23 32| ms
fCLK MR MCLK frequencX in marginal read mo_de 0 11 MHz
' (FCTL4.MGRO = 1 or FCTL4.MGR1 = 1)

M
@)

)

Default clock system frequency of MCLK = 1 MHz, ACLK = 32768 Hz, SMCLK = 1 MHz. No peripherals are enabled or active.

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

8.49 JTAG and Spy-Bi-Wire Interface

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

PARAMETER Vee MIN TYP MAX| UNIT
fspw Spy-Bi-Wire input frequency 22V,3V 0 20| MHz
tsewiow  Spy-Bi-Wire low clock pulse duration 22V,3V 0.025 15| s
tssw.en  Spy-Bi-Wire enable time (TEST high to acceptance of first clock edge)(") 22V,3V 1] us
tsBw,Rst Spy-Bi-Wire return to normal operation time 15 100| s
frek TCK input frequency, 4-wire JTAG®?) 22V > MHz

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

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

@)

first SBWTCK clock edge.
frck may be restricted to meet the timing requirements of the module selected.

52

Submit Document Feedback Copyright © 2020 Texas Instruments Incorporated

Product Folder Links: MSP430F5529 MSP430F5528 MSP430F5527 MSP430F5526 MSP430F5525
MSP430F5524 MSP430F5522 MSP430F5521 MSP430F5519 MSP430F5517 MSP430F5515 MSP430F5514
MSP430F5513


http://www.ti.com/product/MSP430F5529
http://www.ti.com/product/MSP430F5528
http://www.ti.com/product/MSP430F5527
http://www.ti.com/product/MSP430F5526
http://www.ti.com/product/MSP430F5525
http://www.ti.com/product/MSP430F5524
http://www.ti.com/product/MSP430F5522
http://www.ti.com/product/MSP430F5521
http://www.ti.com/product/MSP430F5519
http://www.ti.com/product/MSP430F5517
http://www.ti.com/product/MSP430F5515
http://www.ti.com/product/MSP430F5514
http://www.ti.com/product/MSP430F5513
http://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLAS590P&partnum=MSP430F5529
http://www.ti.com/product/msp430f5529?qgpn=msp430f5529
http://www.ti.com/product/msp430f5528?qgpn=msp430f5528
http://www.ti.com/product/msp430f5527?qgpn=msp430f5527
http://www.ti.com/product/msp430f5526?qgpn=msp430f5526
http://www.ti.com/product/msp430f5525?qgpn=msp430f5525
http://www.ti.com/product/msp430f5524?qgpn=msp430f5524
http://www.ti.com/product/msp430f5522?qgpn=msp430f5522
http://www.ti.com/product/msp430f5521?qgpn=msp430f5521
http://www.ti.com/product/msp430f5519?qgpn=msp430f5519
http://www.ti.com/product/msp430f5517?qgpn=msp430f5517
http://www.ti.com/product/msp430f5515?qgpn=msp430f5515
http://www.ti.com/product/msp430f5514?qgpn=msp430f5514
http://www.ti.com/product/msp430f5513?qgpn=msp430f5513

MSP430F5529, MSP430F5528, MSP430F5527, MSP430F5526, MSP430F5525, MSP430F5524,

I3 TEXAS MSP430F5522, MSP430F5521, MSP430F5519, MSP430F5517, MSP430F5515, MSP430F5514,
INSTRUMENTS MSP430F5513
www.ti.com SLAS590P — MARCH 2009 — REVISED SEPTEMBER 2020

9 Detailed Description
9.1 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. The peripherals can be managed
with all instructions.

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.

[ Program Counter | Pcro

| Stack Pointer | SP/R1

| Status Register | srice1Rr2
| 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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9.2 Operating Modes

These microcontrollers have one active mode and six 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 4.5 (LPM4.5)

— Internal regulator disabled

— No data retention

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

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

9-1). The vector contains the 16-bit address of the appropriate interrupt-handler instruction sequence.

Table 9-1. Interrupt Sources, Flags, and Vectors

INTERRUPT SOURCE INTERRUPT FLAG |N§|'YE??TREUN|!’T A[‘;\IIDCI)?RE%S PRIORITY
System Reset
Power up
External reset WDTIFG, KEYV (SYSRSTIV)(D) () Reset OFFFEh 63, highest
Watchdog time-out, password violation
Flash memory password violation
sysltf,\;l"MNM' SVMLIFG, SVMHIFG, DLYLIFG, DLYHIFG,
Vacant memory access VLRLIF?'\,/I\B/(L)IEI:_IIEC&, (\Q\YAQISF,\ET{/\;(IY;BNIFG, (Non)maskable OFFFCh 62
JTAG mailbox
User NMI
MIFG, OFPG ASSUES BUSFS | e | crern |
Flash memory access violation
Comp_B Comparator B interrupt flags (CBIV)(") ®) Maskable OFFF8h 60
TBO TBOCCRO CCIFG0®) Maskable OFFF6h 59
TBO TBOCCR1 'I(':B(i)lll;GG1 (EI?B-I(—)IBVO)%?(};G CCIFGS, Maskable OFFF4h 58
Watchdog Timer_A interval timer mode WDTIFG Maskable OFFF2h 57
USCI_AO receive or transmit UCAORXIFG, UCAOTXIFG (UCAOIV)(M) (3) Maskable OFFFOh 56
USCI_BO receive or transmit UCBORXIFG, UCBOTXIFG (UCBOIV)(") (3) Maskable OFFEEh 55
ADC12_A ADC12IFGO to ADC12IFG15 (ADC12IV)(1) 3) (4) Maskable OFFECh 54
TAO TAOCCRO CCIFG0®) Maskable OFFEAh 53
TAO TAOCCR1 'IC':P%IIT:CC;; (EI?A-EIA\(/))C(\;?E)“ CCIFG4, Maskable OFFES8h 52
USB_UBM USB interrupts (USBIV)(") (3) Maskable OFFE6h 51
DMA DMAOIFG, DMA1IFG, DMA2IFG (DMAIV)() (3) Maskable OFFE4h 50
TA1 TA1CCRO CCIFG0®) Maskable OFFE2h 49
™ TMCORT COFGT G TACORZCOFGE | yiogarie | oFreon | s
I/O port P1 P1IFG.0 to P1IFG.7 (P1IV)(") (3 Maskable OFFDEh 47
USCI_A1 receive or transmit UCA1RXIFG, UCA1TXIFG (UCA1IV)(M) () Maskable OFFDCh 46
USCI_B1 receive or transmit UCB1RXIFG, UCB1TXIFG (UCB1IV)(") 3) Maskable OFFDAh 45
TA2 TA2CCRO CCIFG0®) Maskable OFFD8h 44
TA2 TA2CCR1 '?Pgﬁ:%1(fl?A12—'lA\?)%?(§)2 CaIFG2, Maskable OFFD6h 43
I/O port P2 P2IFG.0 to P2IFG.7 (P2IV)(") () Maskable OFFD4h 42
TSI KIS | o | wreom | o
OFFDOh 40
Reserved Reserved®) :
OFF80h 0, lowest

(1)  Multiple source flags

(2) Aresetis generated if the CPU ftries 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 bit cannot disable it.

(3) Interrupt flags are in the module.

(4) Only on devices with ADC, otherwise reserved.
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(5) Reserved interrupt vectors at addresses are not used in this device and can be used for regular program code if necessary. To

maintain compatibility with other devices, Tl recommends reserving these locations.

9.4 Memory Organization

Table 9-2 summarizes the memory map of the devices.

Table 9-2. Memory Organization ()

MSP430F5522 m:gzgg:ﬁggii MSP430F5527 MSP430F5529
MSP430F5521 e MSP430F5526 MSP430F5528
MSP430F5513 et MSP430F5517 MSP430F5519
Memory (flash) Total Size 32KB 64KB 96KB 128KB
Main: interrupt vector 00FFFFh to 00FF80h | OOFFFFh to 00OFF80h | OOFFFFh to 0OFF80h | OOFFFFh to 0OFF80h
32KB
Bank D N/A N/A N/A 0243FFh to 01C400h
32KB 32KB
Bank C N/A N/A 01C3FFh to 014400h | 01C3FFh to 014400h
Main: code memory
Bank B 15KB 32KB 32KB 32KB
00FFFFh to 00C400h | 0143FFh to 00C400h | 0143FFh to 00C400h | 0143FFh to 00C400h
Bank A 17KB 32KB 32KB 32KB
00C3FFh to 008000h | OOC3FFh to 004400h | O00C3FFh to 004400h | OOC3FFh to 004400h
2KB®) 2KB
Sector 3| 4643FFh to 003C00N NiA NiA 0043FFh to 003C00h
Sector 2 2KB® N/A 2KB 2KB
RAM 003BFFh to 003400h 003BFFh to 003400h | 003BFFh to 003400h
Sector 1 2KB 2KB 2KB 2KB
0033FFh to 002C00h | 0033FFh to 002C00h | 0033FFh to 002C00h | 0033FFh to 002C00h
Sector 0 2KB 2KB 2KB 2KB
002BFFh to 002400h | 002BFFh to 002400h | 002BFFh to 002400h | 002BFFh to 002400h
2KB 2KB 2KB 2KB
@)
USB RAM Sector 71 4523FFh to 001C00h | 0023FFh to 001C00h | 0023FFh to 001C00h | 0023FFh to 001C00h
Info A 128 bytes 128 bytes 128 bytes 128 bytes
0019FFh to 001980h | 0019FFh to 001980h | 0019FFh to 001980h | 0019FFh to 001980h
Info B 128 bytes 128 bytes 128 bytes 128 bytes
Information memory 00197Fh to 001900h | 00197Fh to 001900h | 00197Fh to 001900h | 00197Fh to 001900h
(flash) Info G 128 bytes 128 bytes 128 bytes 128 bytes
0018FFh to 001880h | 0018FFh to 001880h | 0018FFh to 001880h | 0018FFh to 001880h
Info D 128 bytes 128 bytes 128 bytes 128 bytes
00187Fh to 001800h | 00187Fh to 001800h | 00187Fh to 001800h | 00187Fh to 001800h
BSL 3 512 bytes 512 bytes 512 bytes 512 bytes
0017FFh to 001600h | 0017FFh to 001600h | 0017FFh to 001600h | 0017FFh to 001600h
BSL 2 512 bytes 512 bytes 512 bytes 512 bytes
Bootloader (BSL) 0015FFh to 001400h | 0015FFh to 001400h | 0015FFh to 001400h | 0015FFh to 001400h
memory (flash) BSL 1 512 bytes 512 bytes 512 bytes 512 bytes
0013FFh to 001200h | 0013FFh to 001200h | 0013FFh to 001200h | 0013FFh to 001200h
BSL 0 512 bytes 512 bytes 512 bytes 512 bytes
0011FFh to 001000h | 0011FFh to 001000h | 0011FFh to 001000h | 0011FFh to 001000h
Peripherals Size 4KB 4KB 4KB 4KB
P 000FFFh to Oh 000FFFh to Oh 000FFFh to Oh 000FFFh to Oh

(1)  N/A = Not available

(2) MSP430F5522 only

(3) MSP430F5522 and MSP430F5521 only

(4) USB RAM can be used as general purpose RAM when not used for USB operation.
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9.5 Bootloader (BSL)

The BSL enables users to program the flash memory or RAM using various serial interfaces. Access to the
device memory by the BSL is protected by an user-defined password. For further details on interfacing to
development tools and device programmers, see the MSP430 Hardware Tools User's Guide. For complete
description of the features of the BSL and its implementation, see MSP430 Programming With the Bootloader

(BSL) User's Guide.
9.5.1 USB BSL

All devices come preprogrammed with the USB BSL. Table 9-3 lists the required pins for the USB BSL. In
addition to these pins, the application must support external components necessary for normal USB operation;

for example, the proper crystal on XT2IN and XT20OUT, proper decoupling, and so on.

Table 9-3. USB BSL Pin Requirements and

Functions
DEVICE SIGNAL BSL FUNCTION
PU.0/DP USB data terminal DP
PU.1/DM USB data terminal DM
PUR USB pullup resistor terminal
VBUS USB bus power supply
VSSU USB ground supply

Note

The default USB BSL evaluates the logic level of the PUR pin after a BOR reset. If the PUR pin is
pulled high externally, then the BSL is invoked. Therefore, unless the application is invoking the BSL,
it is important to keep PUR pulled low after a BOR reset, even if BSL or USB is never used. TI
recommends applying a 1-MQ resistor to ground.

9.5.2 UART BSL

A UART BSL is also available that can be programmed by the user into the BSL memory by replacing the
preprogrammed, factory supplied, USB BSL. Table 9-4 lists the required pins for the UART BSL.

Table 9-4. UART BSL Pin Requirements and

Functions
DEVICE SIGNAL BSL FUNCTION
RST/NMI/SBWTDIO Entry sequence signal
TEST/SBWTCK Entry sequence signal
P1.1 Data transmit
P1.2 Data receive
VCC Power supply
VSS Ground supply
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9.6 JTAG Operation
9.6.1 JTAG Standard Interface

The MSP430 family supports the standard JTAG interface, which requires four signals for sending and receiving
data. The JTAG signals are shared with general-purpose I/O. The TEST/SBWTCK pin is used to enable the
JTAG signals. In addition to these signals, the RST/NMI/SBWTDIO is required to interface with MSP430
development tools and device programmers. Table 9-5 lists the required pins for the JTAG interface. For further
details on interfacing to development tools and device programmers, see the MSP430 Hardware Tools User's
Guide. For a complete description of the features of the JTAG interface and its implementation, see MSP430
Programming With the JTAG Interface.

Table 9-5. JTAG Pin Requirements and Functions

DEVICE SIGNAL DIRECTION FUNCTION
PJ.3/TCK IN JTAG clock input
PJ.2/TMS IN JTAG state control

PJ.1/TDI/TCLK IN JTAG data input, TCLK input
PJ.0/TDO ouT JTAG data output
TEST/SBWTCK IN Enable JTAG pins
RST/NMI/SBWTDIO IN External reset
VCC Power supply
VSS Ground supply

9.6.2 Spy-Bi-Wire Interface

In addition to the standard JTAG interface, the MSP430 family supports the two wire Spy-Bi-Wire interface. Spy-
Bi-Wire can be used to interface with MSP430 development tools and device programmers. Table 9-6 lists the
required pins for the Spy-Bi-Wire interface. For further details on interfacing to development tools and device
programmers, see the MSP430 Hardware Tools User's Guide. For a complete description of the features of the
JTAG interface and its implementation, see MSP430 Programming With the JTAG Interface.

Table 9-6. Spy-Bi-Wire Pin Requirements and Functions

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

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

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

» Segments 0 to n may be erased in one step, or each segment may be individually erased.
» Segments A to D can be erased individually. Segments A to D are also called information memory.
» Segment A can be locked separately.

9.8 RAM

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

* RAM has n sectors. The size of a sector can be found in Section 9.4.

» Each sector 0 to n can be complete disabled; however, data retention is lost.

» Each sector 0 to n automatically enters low-power retention mode when possible.

» For devices that contain USB memory, the USB memory can be used as normal RAM if USB is not required.

9.9 Peripherals

Peripherals are connected to the CPU through data, address, and control buses. Peripherals can be controlled
using all instructions. For complete module descriptions, see the MSP430F5xx and MSP430F6xx Family User's
Guide.

9.9.1 Digital /0

Up to eight 8-bit I/0O ports are implemented: For 80-pin packages, P1, P2, P3, P4, P5, P6, and P7 are complete,
and P8 is reduced to 3-bit I/O. For 64-pin packages, P3 and P5 are reduced to 5-bit I/O and 6-bit I/O,
respectively, and P7 and P8 are completely removed. Port PJ contains four individual 1/0 ports, common to all
devices.

» Allindividual I/O bits are independently programmable.

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

» Pullup or pulldown on all ports is programmable.

« Dirive strength on all ports is programmable.

» All bits of ports P1 and P2 support edge-selectable interrupt and LPM4.5 wake-up input.
* Read and write access to port-control registers is supported by all instructions.

* Ports can be accessed byte-wise (P1 through P8) or word-wise in pairs (PA through PD).
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9.9.2 Port Mapping Controller

The port mapping controller allows the flexible and reconfigurable mapping of digital functions to port P4 (see
Table 9-7). Table 9-8 shows the default mappings.

Table 9-7. Port Mapping Mnemonics and Functions

VALUE PxMAPy MNEMONIC INPUT PIN FUNCTION OUTPUT PIN FUNCTION
0 PM_NONE None DVSS
1 PM_CBOUTO - Comparator_B output
PM_TBOCLK TBO clock input
PM_ADC12CLK - ADC12CLK
2 PM_DMAEQ DMAEQ input
3 PM_SVMOUT - SVM output
PM_TBOOUTH TBO high impedance input TBOOUTH
4 PM_TBOCCROA TBO CCRO capture input CCIOA TBO CCRO compare output Out0
5 PM_TBOCCR1A TBO CCR1 capture input CCI1A TBO CCR1 compare output Out1
6 PM_TBOCCR2A TBO CCR2 capture input CCI2A TBO CCR2 compare output Out2
7 PM_TBOCCR3A TBO CCR3 capture input CCI3A TBO CCR3 compare output Out3
8 PM_TBOCCR4A TBO CCRA4 capture input CCI4A TBO CCR4 compare output Out4
9 PM_TBOCCR5A TBO CCRS5 capture input CCI5A TBO CCR5 compare output Out5
10 PM_TBOCCRG6A TBO CCR6 capture input CCIGA TBO CCR6 compare output Out6
» PM_UCA1RXD USCI_A1 UART RXD (Direction controlled by USCI — input)
PM_UCA1SOMI USCI_A1 SPI slave out master in (direction controlled by USCI)
12 PM_UCA1TXD USCI_A1 UART TXD (Direction controlled by USCI — output)
PM_UCA1SIMO USCI_A1 SPI slave in master out (direction controlled by USCI)
13 PM_UCA1CLK USCI_A1 clock input/output (direction controlled by USCI)
PM_UCB1STE USCI_B1 SPI slave transmit enable (direction controlled by USCI)
14 PM_UCB1SOMI USCI_B1 SPI slave out master in (direction controlled by USCI)
PM_UCB1SCL USCI_B1 I2C clock (open drain and direction controlled by USCI)
15 PM_UCB1SIMO USCI_B1 SPI slave in master out (direction controlled by USCI)
PM_UCB1SDA USCI_B1 I2C data (open drain and direction controlled by USCI)
16 PM_UCB1CLK USCI_B1 clock input/output (direction controlled by USCI)
PM_UCA1STE USCI_A1 SPI slave transmit enable (direction controlled by USCI)
17 PM_CBOUT1 None Comparator_B output
18 PM_MCLK None MCLK
19-30 Reserved None DVSS
mp— o e ol e a1 e ol St i o prvnt et

(1)  The value of the PM_ANALOG mnemonic is OFFh. The port mapping registers are 5 bits wide, and the upper bits are ignored, which
results in a read value of 31.
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Table 9-8. Default Mapping
PIN PxMAPy MNEMONIC INPUT PIN FUNCTION OUTPUT PIN FUNCTION
USCI_B1 SPI slave transmit enable (direction controlled by USCI)
P4.0/P4MAPO PM_UCB1STE/PM_UCATCLK USCI_A1 clock input/output (direction controlled by USCI)
USCI_B1 SPI slave in master out (direction controlled by USCI)
P4.1/PAMAP1 PM_UCB1SIMO/PM_UCB1SDA USCI_B1 I2C data (open drain and direction controlled by USCI)
USCI_B1 SPI slave out master in (direction controlled by USCI)
P4.2/PAMAP2 PM_UCB1SOMI/PM_UCB1SCL USCI_B1 I2C clock (open drain and direction controlled by USCI)
USCI_A1 SPI slave transmit enable (direction controlled by USCI)
P4.3/PAMAP3 PM_UCB1CLK/PM_UCA1STE USCI_B1 clock input/output (direction controlled by USCI)
USCI_A1 UART TXD (Direction controlled by USCI — output)
P4.4/PAMAP4 PM_UCA1TXD/PM_UCA1SIMO USCI_A1 SPI slave in master out (direction controlled by USCI)
USCI_A1 UART RXD (Direction controlled by USCI — input)
P4.5/PAMAPS PM_UCA1RXD/PM_UCA1SOMI USCI_A1 SPI slave out master in (direction controlled by USCI)
P4.6/PAMAPG PM_NONE None DVSS
P4.7/PAMAP7 PM_NONE None DVSS

9.9.3 Oscillator and System Clock

The clock system in the MSP430F552x and MSP430F551x family of devices is supported by the Unified Clock
System (UCS) module that includes support for a 32-kHz watch crystal oscillator (XT1 in LF mode) (XT1 in HF
mode is not supported), an internal very-low-power low-frequency oscillator (VLO), an internal trimmed low-
frequency oscillator (REFO), an integrated internal digitally controlled oscillator (DCO), and a high-frequency
crystal oscillator (XT2). The UCS module is designed to meet the requirements of both low system cost and low
power consumption. The UCS module features digital frequency-locked loop (FLL) hardware that, in conjunction
with a digital modulator, stabilizes the DCO frequency to a programmable multiple of the selected FLL reference
frequency. The internal DCO provides a fast turnon clock source and stabilizes in 3.5 ps (typical). The UCS
module provides the following clock signals:

* Auxiliary clock (ACLK), sourced from a 32-kHz watch crystal (XT1), a high-frequency crystal (XT2), the
internal low-frequency oscillator (VLO), the trimmed low-frequency oscillator (REFO), or the internal digitally
controlled oscillator (DCO).

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

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

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

9.9.4 Power-Management Module (PMM)

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

9.9.5 Hardware Multiplier

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

The RTC_A module can be used as a general-purpose 32-bit counter (counter mode) or as an integrated real-
time clock (RTC) (calendar mode). In counter mode, the RTC_A also includes two independent 8-bit timers that
can be cascaded to form a 16-bit timer/counter. Both timers can be read and written by software. Calendar mode
integrates an internal calendar that compensates for months with less than 31 days and includes leap year
correction. The RTC_A also supports flexible alarm functions and offset-calibration hardware.

9.9.7 Watchdog Timer (WDT_A)

The primary function of the WDT_A module is to perform a controlled system restart after a software problem
occurs. If the selected time interval expires, a system reset is generated. If the watchdog function is not needed
in an application, the module can be configured as an interval timer and can generate interrupts at selected time
intervals.

9.9.8 System Module (SYS)

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

Table 9-9. System Module Interrupt Vector Registers

INTERRUPT VECTOR REGISTER | ADDRESS INTERRUPT EVENT VALUE PRIORITY

No interrupt pending 00h

Brownout (BOR) 02h Highest
RST/NMI (POR) 04h
PMMSWBOR (BOR) 06h
Wakeup from LPMx.5 08h
Security violation (BOR) 0Ah
SVSL (POR) 0Ch
SVSH (POR) OEh
SVML_OVP (POR) 10h

SYSRSTIV, System Reset 019Eh

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

Reserved 22h to 3Eh Lowest
No interrupt pending 00h

SVMLIFG 02h Highest
SVMHIFG 04h
SVSMLDLYIFG 06h
SYSSNIV, System NMI 019Ch SVSMADLYIFG 08h
VMAIFG 0Ah
JMBINIFG 0Ch
JMBOUTIFG OEh
SVMLVLRIFG 10h
SVMHVLRIFG 12h
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Table 9-9. System Module Interrupt Vector Registers (continued)

INTERRUPT VECTOR REGISTER ADDRESS INTERRUPT EVENT VALUE PRIORITY
Reserved 14h to 1Eh Lowest
No interrupt pending 00h
NMIIFG 02h Highest
SYSUNIV, User NMI 019Ah OFIFG 04h
ACCVIFG 06h
BUSIFG 08h
Reserved OAh to 1Eh Lowest

9.9.9 DMA Controller

The DMA controller allows movement of data from one memory address to another without CPU intervention.
For example, the DMA controller can be used to move data from the ADC12_A conversion memory to RAM.
Using the DMA controller can increase the throughput of peripheral modules. The DMA controller reduces
system power consumption by allowing the CPU to remain in sleep mode, without having to awaken to move
data to or from a peripheral.

The USB timestamp generator also uses the DMA trigger assignments described in Table 9-10.

Table 9-10. DMA Trigger Assignments

TRIGGER(") CHANNEL
0 1 2

0 DMAREQ DMAREQ DMAREQ
1 TAOCCRO CCIFG TAOCCRO CCIFG TAOCCRO CCIFG
2 TAOCCR2 CCIFG TAOCCR2 CCIFG TAOCCR2 CCIFG
3 TA1CCRO CCIFG TA1CCRO CCIFG TA1CCRO CCIFG
4 TA1CCR2 CCIFG TA1CCR2 CCIFG TA1CCR2 CCIFG
5 TA2CCRO CCIFG TA2CCRO CCIFG TA2CCRO CCIFG
6 TA2CCR2 CCIFG TA2CCR2 CCIFG TA2CCR2 CCIFG
7 TBOCCRO CCIFG TBOCCRO CCIFG TBOCCRO CCIFG
8 TBOCCR2 CCIFG TBOCCR2 CCIFG TBOCCR2 CCIFG
9 Reserved Reserved Reserved
10 Reserved Reserved Reserved
11 Reserved Reserved Reserved
12 Reserved Reserved Reserved
13 Reserved Reserved Reserved
14 Reserved Reserved Reserved
15 Reserved Reserved Reserved
16 UCAORXIFG UCAORXIFG UCAORXIFG
17 UCAOTXIFG UCAOTXIFG UCAOTXIFG
18 UCBORXIFG UCBORXIFG UCBORXIFG
19 UCBOTXIFG UCBOTXIFG UCBOTXIFG
20 UCA1TRXIFG UCA1RXIFG UCA1RXIFG
21 UCA1TXIFG UCA1TXIFG UCA1TXIFG
22 UCB1RXIFG UCB1RXIFG UCB1RXIFG
23 UCB1TXIFG UCB1TXIFG UCB1TXIFG
24 ADC12IFGx® ADC12IFGx(2 ADC12IFGx(?
25 Reserved Reserved Reserved
26 Reserved Reserved Reserved
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Table 9-10. DMA Trigger Assignments (continued)

CHANNEL
TRIGGER(")
0 1 2

27 USB FNRXD USB FNRXD USB FNRXD
28 USB ready USB ready USB ready
29 MPY ready MPY ready MPY ready
30 DMA2IFG DMAOIFG DMA1IFG
31 DMAEO DMAEO DMAEO

(1) If areserved trigger source is selected, no Trigger1 is generated.
(2) Only on devices with ADC. Reserved on devices without ADC.

9.9.10 Universal Serial Communication Interface (USCI)

The USCI modules are used for serial data communication. The USCI module supports synchronous
communication protocols such as SPI (3- or 4-pin) and I2C, and asynchronous communication protocols such as
UART, enhanced UART with automatic baud-rate detection, and IrDA. Each USCI module contains two portions,

A and B.

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

The USCI_Bn module provides support for SPI (3- or 4-pin) or I12C.

The MSP430F55xx series includes two complete USCI modules (n =0, 1).
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9.9.11 TAO

TAO is a 16-bit timer and counter (Timer_A type) with five capture/compare registers. TAO can support multiple
capture/compare registers, PWM outputs, and interval timing (see Table 9-11). TAO also has extensive interrupt
capabilities. Interrupts can be generated from the counter on overflow conditions and from each of the capture/
compare registers.

Table 9-11. TAO Signal Connections

INPUT PIN NUMBER DEVICE MODULE MODULE MODULE DEVICE OUTPUT PIN NUMBER
RGC, YFF, INPUT INPUT BLOCK OUTPUT OUTPUT | RGC, YFF, ZXH,
ZXH, ZQE PN SIGNAL | SIGNAL SIGNAL | SIGNAL ZQE PN
18,B7, H2 - 21-P1.0 TAOCLK TACLK
P1.0
ACLK ACLK
(internal)
Timer NA NA
SMCLK 1 gumeLk
(internal)
18,B7, H2 - 21-P1.0 TAOCLK TACLK
P1.0
19, E?’1H3_ 22 -P1.1 TAO0.0 CCIOA 19, B6, H3 - P1.1 22-P1.1
DVss CcCloB CCRO TAO TA0.0
DVss GND
DVce Vee
20, F(;;'?72J3 . 23-P1.2 TAO.1 CCHA 20, C6,J3-P1.2 23-P1.2
CBOUT e ADC12(S|)nterna|) ADC12(£|)nterna|)
(internal) 1B CCR1 TA1 TAO.1
ADC12SHSx = {1} | ADC12SHSx = {1}
DVgs GND
DVee Vee
21, (FE?,364 . 24 -P1.3 TAO0.2 CCI2A 21,C8,G4-P1.3 24 -P1.3
ACLK
(internal) ccizB CCR2 TA2 TAO.2
DVss GND
DVce Vee
22, g,]?‘4H4 ) 25-P14 TAO.3 CCI3A 22,C7,H4 -P1.4 25-P14
DVss CCI3B CCR3 TA3 TA0.3
DVgs GND
DVce Vee
23, E$’5J4 . 26 -P1.5 TAO0.4 CCI4A 23,D6,J4-P1.5 26-P1.5
DVss CCl4B CCR4 TA4 TAO.4
DVss GND
DVce Vee

(1)  Only on devices with ADC.
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9.9.12 TA1

TA1 is a 16-bit timer and counter (Timer_A type) with three capture/compare registers. TA1 can support multiple
capture/compare registers, PWM outputs, and interval timing (see Table 9-12). TA1 also has extensive interrupt
capabilities. Interrupts can be generated from the counter on overflow conditions and from each of the capture/
compare registers.

Table 9-12. TA1 Signal Connections

INPUT PIN NUMBER DEVICE MODULE MODULE MODULE DEVICE OUTPUT PIN NUMBER
RGC, YFF, INPUT INPUT PR OUTPUT OUTPUT | RGC, YFF,
ZXH, ZQE PN SIGNAL SIGNAL SIGNAL SIGNAL ZXH, ZQE PN
24, E:’GGE’ | 27-P16 TA1CLK TACLK
ACLK ACLK
(internal)
Timer NA NA
SMCLK SMCLK
(internal)
24,07,G5- | 57 p1g TA1CLK TACLK
P16
25, D8, H5 - 25, D8, H5 -
P17 28-P1.7 TA1.0 CCI0A P17 28-P1.7
DVss CCloB CCRO TAO TA1.0
DVss GND
DVcce Vee
26, E5, J5 - 26, E5, J5 -
P20 29-P2.0 TA1.1 CCHA P20 29 - P2.0
CBOUT
(internal) ccie CCR1 TA1 TA1.1
DVss GND
DVce Vee
27, E8, G6 - 27, E8, G6 -
P 1 30 - P2.1 TA1.2 CCI2A P’ 1 30 - P2.1
ACLK
(internal) cCizB CCR2 TA2 TA1.2
DVss GND
DVce Vee
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9.9.13 TA2

TA2 is a 16-bit timer and counter (Timer_A type) with three capture/compare registers. TA2 can support multiple
capture/compare registers, PWM outputs, and interval timing (see Table 9-13). TA2 also has extensive interrupt
capabilities. Interrupts can be generated from the counter on overflow conditions and from each of the capture/

compare registers.

Table 9-13. TA2 Signal Connections

INPUT PIN NUMBER DEVICE MODULE MODULE MODULE DEVICE OUTPUT PIN NUMBER
RGC, YFF, INPUT INPUT e OUTPUT OUTPUT | RGC, YFF,
ZXH, ZQE PN SIGNAL SIGNAL SIGNAL SIGNAL ZXH, ZQE PN
28,E1. 98- | 34 p22 TA2CLK TACLK
P2.2
ACLK ACLK
(internal)
Timer NA NA
SMCLK SMCLK
(internal)
28,E7,J6- | 31_p22 TA2CLK TACLK
P2.2
29, E6, H6 - 29, E6, H6 -
23 32-P2.3 TA2.0 CCI0A P23 32-P2.3
DVss cclos CCRO TAO TA2.0
DVss GND
DVcc Vee
30, F8, J7 - 30, F8, J7 -
P24 33-P2.4 TA2.1 CCHA P24 33-P2.4
CBOUT
(internal) ccne CCRH1 TA1 TA2.1
DVss GND
DVee Vee
31,F7,J8 - 31,F7,J8 -
po's 34-P25 TA2.2 CCI2A Po's 34-P25
ACLK
(internal) cCizB CCR2 TA2 TA2.2
DVss GND
DVce Vee
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9.9.14 TBO

TBO is a 16-bit timer and counter (Timer_B type) with seven capture/compare registers. TBO can support
multiple capture/compare registers, PWM outputs, and interval timing (see Table 9-14). TBO also has extensive
interrupt capabilities. Interrupts can be generated from the counter on overflow conditions and from each of the
capture/compare registers.

Table 9-14. TBO Signal Connections

INPUT PIN NUMBER DEVICE MODULE MODULE MODULE DEVICE OUTPUT PIN NUMBER
RGC, YFF, INPUT INPUT BLOCK OUTPUT OUTPUT | RGC, YFF, ZXH,
ZXH, ZQE™ PN SIGNAL | SIGNAL SIGNAL | SIGNAL ZQE(™ PN
60 - P7.7 TBOCLK TBCLK
ACLK ACLK
(internal)
Timer NA NA
SMCLK | gmeLk
(internal)
60 - P7.7 TBOCLK TBCLK
55 - P5.6 TB0.0 CCIOA 55-P5.6
ADC12 (internal) | ADC12 (internal)
55 - P5.6 TB0.0 CCloB @ @
CCRO TBO TBO.O | ADC12SHSx = {2} | ADC12SHSx = {2}
DVss GND
DVce Vee
56 - P5.7 TBO.1 CCHMA 56 - P5.7
CBOUT cCHB ADC12 (internal) | ADC12 (internal)
(internal) CCR1 TB1 TBO.1 ADC12SHSx = {3} | ADC12SHSx = {3}
DVss GND
DVce Vee
57 -P7.4 TB0.2 CCI2A 57 -P7.4
57 -P7.4 TB0.2 CCizB
CCR2 TB2 TB0.2
DVss GND
DVce Vee
58 - P7.5 TB0.3 CCI3A 58 - P7.5
58 - P7.5 TBO0.3 CCI3B
CCR3 TB3 TBO0.3
DVss GND
DVee Vee
59 - P7.6 TB0.4 CCI4A 59 - P7.6
59 - P7.6 TB0.4 CCl4B
CCR4 TB4 TB0.4
DVss GND
DVce Vee
42 -P3.5 TB0.5 CCI5A 42 -P3.5
42 -P3.5 TBO0.5 CCI5B
CCR5 TB5 TBO.5
DVss GND
DVee Vee
43 - P3.6 TBO0.6 CCI6A 43 - P3.6
.ACLK CCleB
(internal) CCR6 TB6 TB0.6
DVss GND
DVce Vee

(1)  Timer functions are selectable through the port mapping controller.
(2)  Only on devices with ADC
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9.9.15 Comparator_B

The primary function of the Comparator_B module is to support precision slope analog-to-digital conversions,
battery voltage supervision, and monitoring of external analog signals.

9.9.16 ADC12_A

The ADC12_A module supports fast 12-bit analog-to-digital conversions. The module implements a 12-bit SAR
core, sample select control, reference generator, and a 16 word conversion-and-control buffer. The conversion-
and-control buffer allows up to 16 independent ADC samples to be converted and stored without any CPU
intervention.

9.9.17 CRC16

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

9.9.18 Voltage Reference (REF) Module

The REF module generates all critical reference voltages that can be used by the various analog peripherals in
the device.

9.9.19 Universal Serial Bus (USB)

The USB module is a fully integrated USB interface that is compliant with the USB 2.0 specification. The module
supports full-speed operation of control, interrupt, and bulk transfers. The module includes an integrated LDO,
PHY, and PLL. The PLL is highly flexible and supports a wide range of input clock frequencies. USB RAM, when
not used for USB communication, can be used by the system.

9.9.20 Embedded Emulation Module (EEM)

The EEM supports real-time in-system debugging. The L version of the EEM has the following features:
« Eight hardware triggers or breakpoints on memory access

» Two hardware triggers or breakpoints on CPU register write access

» Up to 10 hardware triggers can be combined to form complex triggers or breakpoints

» Two cycle counters

» Sequencer

» State storage

» Clock control on module level
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9.9.21 Peripheral File Map

Table 9-15 lists the base address for the registers of each module. Table 9-16 through Table 9-45 list the
available registers in each module.

Table 9-15. Peripherals

MODULE NAME BASE ADDRESS OFFSERLQEERESS

Special Functions (see Table 9-16) 0100h 000h to 01Fh
PMM (see Table 9-17) 0120h 000h to 010h
Flash Control (see Table 9-18) 0140h 000h to 00Fh
CRC16 (see Table 9-19) 0150h 000h to 007h
RAM Control (see Table 9-20) 0158h 000h to 001h
Watchdog (see Table 9-21) 015Ch 000h to 001h
UCS (see Table 9-22) 0160h 000h to 01Fh
SYS (see Table 9-23) 0180h 000h to 01Fh
Shared Reference (see Table 9-24) 01BOh 000h to 001h
Port Mapping Control (see Table 9-25) 01COh 000h to 002h
Port Mapping Port P4 (see Table 9-25) 01EO0h 000h to 007h
Port P1 and P2 (see Table 9-26) 0200h 000h to 01Fh
Port P3 and P4 (see Table 9-27) 0220h 000h to 00Bh
Port P5 and P6 (see Table 9-28) 0240h 000h to 00Bh
Port P7 and P8 (see Table 9-29) 0260h 000h to 00Bh
Port PJ (see Table 9-30) 0320h 000h to 01Fh
TAO (see Table 9-31) 0340h 000h to 02Eh
TA1 (see Table 9-32) 0380h 000h to 02Eh
TBO (see Table 9-33) 03CO0h 000h to 02Eh
TA2 (see Table 9-34) 0400h 000h to 02Eh
Real-Time Clock (RTC_A) (see Table 9-35) 04A0h 000h to 01Bh
32-Bit Hardware Multiplier (see Table 9-36) 04COh 000h to 02Fh
DMA General Control (see Table 9-37) 0500h 000h to O0Fh
DMA Channel 0 (see Table 9-37) 0510h 000h to 00Ah
DMA Channel 1 (see Table 9-37) 0520h 000h to 00Ah
DMA Channel 2 (see Table 9-37) 0530h 000h to 00Ah
USCI_AO (see Table 9-38) 05CO0h 000h to 01Fh
USCI_BO (see Table 9-39) 05EO0h 000h to 01Fh
USCI_A1 (see Table 9-40) 0600h 000h to 01Fh
USCI_B1 (see Table 9-41) 0620h 000h to 01Fh
ADC12_A (see Table 9-42) 0700h 000h to 03Eh
Comparator_B (see Table 9-43) 08COh 000h to O0Fh
USB Configuration (see Table 9-44) 0900h 000h to 014h
USB Control (see Table 9-45) 0920h 000h to 01Fh
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Table 9-16. Special Function Registers (Base Address: 0100h)

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

Table 9-17. PMM Registers (Base Address: 0120h)

REGISTER DESCRIPTION REGISTER OFFSET
PMM control 0 PMMCTLO 00h
PMM control 1 PMMCTLA 02h
SVS high-side control SVSMHCTL 04h
SVS low-side control SVSMLCTL 06h
PMM interrupt flags PMMIFG 0Ch
PMM interrupt enable PMMIE OEh
PMM power mode 5 control PM5CTLO 10h

Table 9-18. Flash Control Registers (Base Address: 0140h)

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

Table 9-19. CRC16 Registers (Base Address: 0150h)

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

Table 9-20. RAM Control Registers (Base Address: 0158h)

REGISTER DESCRIPTION REGISTER OFFSET

RAM control 0 RCCTLO 00h
Table 9-21. Watchdog Registers (Base Address: 015Ch)

REGISTER DESCRIPTION REGISTER OFFSET

Watchdog timer control WDTCTL 00h
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Table 9-22. UCS Registers (Base Address: 0160h)

REGISTER DESCRIPTION REGISTER OFFSET
UCS control 0 UCSCTLO 00h
UCS control 1 UCSCTL1 02h
UCS control 2 UCSCTL2 04h
UCS control 3 UCSCTL3 06h
UCS control 4 UCSCTL4 08h
UCS control 5 UCSCTL5 0Ah
UCS control 6 UCSCTL6 0Ch
UCS control 7 UCSCTL7? OEh
UCS control 8 UCSCTLS8 10h
Table 9-23. SYS Registers (Base Address: 0180h)
REGISTER DESCRIPTION REGISTER OFFSET
System control SYSCTL 00h
Bootloader configuration area SYSBSLC 02h
JTAG mailbox control SYSJMBC 06h
JTAG mailbox input 0 SYSJMBIO 08h
JTAG mailbox input 1 SYSJMBI1 0Ah
JTAG mailbox output 0 SYSJMBOO 0Ch
JTAG mailbox output 1 SYSJMBO1 OEh
Bus error vector generator SYSBERRIV 18h
User NMI vector generator SYSUNIV 1Ah
System NMI vector generator SYSSNIV 1Ch
Reset vector generator SYSRSTIV 1Eh
Table 9-24. Shared Reference Registers (Base Address: 01B0h)
REGISTER DESCRIPTION REGISTER OFFSET
Shared reference control REFCTL 00h
Table 9-25. Port Mapping Registers
(Base Address of Port Mapping Control: 01COh, Port P4: 01EOh)
REGISTER DESCRIPTION REGISTER OFFSET
Port mapping key and ID PMAPKEYID 00h
Port mapping control PMAPCTL 02h
Port P4.0 mapping P4MAPO 00h
Port P4.1 mapping PAMAP1 01h
Port P4.2 mapping P4MAP2 02h
Port P4.3 mapping P4MAP3 03h
Port P4.4 mapping PAMAP4 04h
Port P4.5 mapping P4MAPS5 05h
Port P4.6 mapping P4MAP6 06h
Port P4.7 mapping PAMAP7 07h
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Table 9-26. Port P1 and P2 Registers (Ba

se Address: 0200h)

REGISTER DESCRIPTION REGISTER OFFSET
Port P1 input P1IN 00h
Port P1 output P10OUT 02h
Port P1 direction P1DIR 04h
Port P1 resistor enable P1REN 06h
Port P1 drive strength P1DS 08h
Port P1 selection P1SEL 0Ah
Port P1 interrupt vector word P11V OEh
Port P1 interrupt edge select P1IES 18h
Port P1 interrupt enable P1IE 1Ah
Port P1 interrupt flag P1IFG 1Ch
Port P2 input P2IN 01h
Port P2 output P20OUT 03h
Port P2 direction P2DIR 05h
Port P2 resistor enable P2REN 07h
Port P2 drive strength P2DS 09h
Port P2 selection P2SEL 0Bh
Port P2 interrupt vector word P2Iv 1Eh
Port P2 interrupt edge select P2IES 19h
Port P2 interrupt enable P2IE 1Bh
Port P2 interrupt flag P2IFG 1Dh
Table 9-27. Port P3 and P4 Registers (Base Address: 0220h)
REGISTER DESCRIPTION REGISTER OFFSET
Port P3 input P3IN 00h
Port P3 output P30OUT 02h
Port P3 direction P3DIR 04h
Port P3 resistor enable P3REN 06h
Port P3 drive strength P3DS 08h
Port P3 selection P3SEL 0Ah
Port P4 input P4IN 01h
Port P4 output P40OUT 03h
Port P4 direction P4DIR 05h
Port P4 resistor enable P4REN 07h
Port P4 drive strength P4DS 09h
Port P4 selection P4SEL 0Bh
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Table 9-28. Port P5 and P6 Registers (Base Address: 0240h)
REGISTER DESCRIPTION REGISTER OFFSET

Port P5 input P5IN 00h

Port P5 output P50UT 02h

Port P5 direction PSDIR 04h

Port P5 resistor enable P5REN 06h

Port P5 drive strength P5DS 08h

Port P5 selection P5SEL 0Ah

Port P6 input P6IN 01h

Port P6 output P6OUT 03h

Port P6 direction P6DIR 05h

Port P6 resistor enable P6REN 07h

Port P6 drive strength P6DS 09h

Port P6 selection P6SEL 0Bh

Table 9-29. Port P7 and P8 Registers (Base Address: 0260h)

REGISTER DESCRIPTION REGISTER OFFSET
Port P7 input P7IN 00h
Port P7 output P70UT 02h
Port P7 direction P7DIR 04h
Port P7 resistor enable P7REN 06h
Port P7 drive strength P7DS 08h
Port P7 selection P7SEL 0Ah
Port P8 input P8IN 01h
Port P8 output P8OUT 03h
Port P8 direction P8DIR 05h
Port P8 resistor enable P8REN 07h
Port P8 drive strength P8DS 09h
Port P8 selection P8SEL 0Bh

Table 9-30. Port J Registers (Base Address: 0320h)

REGISTER DESCRIPTION REGISTER OFFSET
Port PJ input PJIN 00h
Port PJ output PJOUT 02h
Port PJ direction PJDIR 04h
Port PJ resistor enable PJREN 06h
Port PJ drive strength PJDS 08h
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Table 9-31. TAO Registers (Base Address: 0340h)

REGISTER DESCRIPTION REGISTER OFFSET
TAO control TAOCTL 00h
Capture/compare control 0 TAOCCTLO 02h
Capture/compare control 1 TAOCCTLA 04h
Capture/compare control 2 TAOCCTL2 06h
Capture/compare control 3 TAOCCTL3 08h
Capture/compare control 4 TAOCCTL4 0Ah
TAO counter TAOR 10h
Capture/compare 0 TAOCCRO 12h
Capture/compare 1 TAOCCR1 14h
Capture/compare 2 TAOCCR2 16h
Capture/compare 3 TAOCCR3 18h
Capture/compare 4 TAOCCR4 1Ah
TAO expansion 0 TAOEXO 20h
TAOQ interrupt vector TAOIV 2Eh
Table 9-32. TA1 Registers (Base Address: 0380h)
REGISTER DESCRIPTION REGISTER OFFSET
TA1 control TA1CTL 00h
Capture/compare control 0 TA1CCTLO 02h
Capture/compare control 1 TA1CCTLA 04h
Capture/compare control 2 TA1CCTL2 06h
TA1 counter TATR 10h
Capture/compare 0 TA1CCRO 12h
Capture/compare 1 TA1CCR1 14h
Capture/compare 2 TA1CCR2 16h
TA1 expansion 0 TA1EXO 20h
TA1 interrupt vector TA1IV 2Eh
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Table 9-33. TBO Registers (Base Address: 03C0h)

REGISTER DESCRIPTION REGISTER OFFSET
TBO control TBOCTL 00h
Capture/compare control 0 TBOCCTLO 02h
Capture/compare control 1 TBOCCTLA1 04h
Capture/compare control 2 TBOCCTL2 06h
Capture/compare control 3 TBOCCTL3 08h
Capture/compare control 4 TBOCCTL4 0Ah
Capture/compare control 5 TBOCCTL5 0Ch
Capture/compare control 6 TBOCCTL6 OEh
TBO counter TBOR 10h
Capture/compare 0 TBOCCRO 12h
Capture/compare 1 TBOCCR1 14h
Capture/compare 2 TBOCCR2 16h
Capture/compare 3 TBOCCR3 18h
Capture/compare 4 TBOCCR4 1Ah
Capture/compare 5 TBOCCR5 1Ch
Capture/compare 6 TBOCCR6 1Eh
TBO expansion 0 TBOEXO 20h
TBO interrupt vector TBOIV 2Eh
Table 9-34. TA2 Registers (Base Address: 0400h)
REGISTER DESCRIPTION REGISTER OFFSET
TA2 control TA2CTL 00h
Capture/compare control 0 TA2CCTLO 02h
Capture/compare control 1 TA2CCTLA1 04h
Capture/compare control 2 TA2CCTL2 06h
TA2 counter TA2R 10h
Capture/compare 0 TA2CCRO 12h
Capture/compare 1 TA2CCR1 14h
Capture/compare 2 TA2CCR2 16h
TA2 expansion 0 TA2EXO 20h
TAZ2 interrupt vector TA2IV 2Eh
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Table 9-35. Real-Time Clock Registers (Base Address: 04A0h)

REGISTER DESCRIPTION REGISTER OFFSET
RTC control 0 RTCCTLO 00h
RTC control 1 RTCCTLA 01h
RTC control 2 RTCCTL2 02h
RTC control 3 RTCCTL3 03h
RTC prescaler 0 control RTCPSOCTL 08h
RTC prescaler 1 control RTCPS1CTL 0Ah
RTC prescaler 0 RTCPS0 0Ch
RTC prescaler 1 RTCPS1 0Dh
RTC interrupt vector word RTCIV OEh
RTC seconds, RTC counter 1 RTCSEC, RTCNT1 10h
RTC minutes, RTC counter 2 RTCMIN, RTCNT2 11h
RTC hours, RTC counter 3 RTCHOUR, RTCNT3 12h
RTC day of week, RTC counter 4 RTCDOW, RTCNT4 13h
RTC days RTCDAY 14h
RTC month RTCMON 15h
RTC year low RTCYEARL 16h
RTC year high RTCYEARH 17h
RTC alarm minutes RTCAMIN 18h
RTC alarm hours RTCAHOUR 19h
RTC alarm day of week RTCADOW 1Ah
RTC alarm days RTCADAY 1Bh
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Table 9-36. 32-Bit Hardware Multiplier Registers (Base Address: 04C0h)
REGISTER DESCRIPTION REGISTER OFFSET

16-bit operand 1 — multiply MPY 00h

16-bit operand 1 — signed multiply MPYS 02h

16-bit operand 1 — multiply accumulate MAC 04h

16-bit operand 1 — signed multiply accumulate MACS 06h

16-bit operand 2 OP2 08h

16 x 16 result low word RESLO 0Ah

16 x 16 result high word RESHI