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MSP430F5510, MSP430F550x Mixed-Signal Microcontrollers

1 Device Overview

Product
'-._ Folder

1.1 Features

Low Supply-Voltage Range:
3.6 VDowntol1l8V
Ultra-Low-Power Consumption
— Active Mode (AM)

All System Clocks Active

e 195 pA/MHz at 8 MHz, 3 V, Flash Program
Execution (Typical)

e 115 pA/MHz at 8 MHz, 3 V, RAM Program
Execution (Typical)

— Standby Mode (LPM3)

e Real-Time Clock (RTC) With Crystal,
Watchdog, and Supply Supervisor
Operational, Full RAM Retention, Fast
Wakeup:

19 pAat2.2V, 2.1 pA at 3V (Typical)

» Low-Power Oscillator (VLO), General-
Purpose Counter, Watchdog, and Supply
Supervisor Operational, Full RAM Retention,
Fast Wakeup:

1.4 pA at 3 V (Typical)
— Off Mode (LPM4)

Full RAM Retention, Supply Supervisor

Operational, Fast Wakeup:

1.1 pA at 3V (Typical)

— Shutdown Mode (LPM4.5)

0.18 pA at 3V (Typical)

Wakeup From Standby in Less Than 5 us

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)

1.2 Applications

Analog and Digital Sensor Systems
Data Loggers

— 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 TAL1, Timer_A With Three
Capture/Compare Registers

16-Bit Timer TA2, Timer_A With Three
Capture/Compare Registers

16-Bit Timer TBO, Timer_B With Seven
Capture/Compare Shadow Registers

Two Universal Serial Communication Interfaces
(USCls)
— USCI_AO0 and USCI_A1 Each Support:

» Enhanced UART Supports Auto-Baudrate
Detection

» IrDA Encoder and Decoder
* Synchronous SPI
— USCI_BO0 and USCI_B1 Each Support:
« I°C
* 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

10-Bit Analog-to-Digital Converter (ADC) With
Window Comparator

Comparator
Hardware Multiplier Supports 32-Bit Operations

Serial Onboard Programming, No External
Programming Voltage Needed

Three-Channel Internal DMA
Basic Timer With RTC Feature
Section 3 Summarizes Family Members

For Complete Module Descriptions, See the
MSP430x5xx and MSP430x6xx Family User's

Guide (SLAU208)

Connectivity to USB Hosts
Wireless Headsets

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

@

The Texas Instruments MSP430™ family of ultra-low-power microcontrollers consists of several devices
featuring different sets of peripherals targeted for various applications. The architecture, combined with
extensive low-power modes, is optimized to achieve extended battery life in portable measurement
applications. The device features a powerful 16-bit RISC CPU, 16-bit registers, and constant generators
that contribute to maximum code efficiency. The digitally controlled oscillator (DCO) allows the device to
wake up from low-power modes to active mode in less than 5 ps.

The MSP430F5510, MSP430F5509, and MSP430F5508 devices are microcontroller configurations with
integrated USB and PHY supporting USB 2.0, four 16-bit timers, a high-performance 10-bit analog-to-
digital converter (ADC), two universal serial communication interfaces (USClIs) ®, a hardware multiplier,
DMA, a real-time clock (RTC) module with alarm capabilities, and 31 or 47 1/O pins.

The MSP430F5507, MSP430F5506, MSP430F5505, and MSP430F5504 devices are microcontroller
configurations with integrated USB and PHY supporting USB 2.0, four 16-bit timers, a high-performance
10-bit ADC, one USCI, a hardware multiplier, DMA, an RTC module with alarm capabilities, and 31 I/O
pins.

The MSP430F5503, MSP430F5502, MSP430F5501, and MSP430F5500 devices include all of the
MSP430F5507, MSP430F5506, MSP430F5505, and MSP430F5504 peripherals, except that they have a
comparator instead of the 10-bit ADC.

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

In the 48-pin packages, the USCI functions that are pinned out are limited to what the user configures on port 4 with the port mapping
controller. It may not be possible to bring out all functions simultaneously.

Device Information®

PART NUMBER PACKAGE BODY SIZE®
MSP430F5510RGC VQFN (64) 9 mm x 9 mm
MSP430F5510ZQE BGA (80) 5 mm x 5 mm
MSP430F5510PT LQFP (48) 7 mm x 7 mm
MSP430F5510RGZ VQFN (48) 7 mm x 7 mm

(1) For the most current part, package, and ordering information for all available devices, see the Package
Option Addendum in Section 8, 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 8.
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1.4 Functional Block Diagrams
Figure 1-1 shows the functional block diagram for the MSP430F5510, MSP430F5509, and MSP430F5508
devices in the RGC and ZQE packages.

XIN XOUT RST/NMI DVi, DVg Vegee AV AV PA PB PC
A ‘ ‘ ‘ ‘ ‘ ‘ P1.x, P2.x, P3.x, P4.x, P5.x  P6.x

v Y VY VvV VvV ¥V

N

XT2IN —]
Unified [ ACLK - Power sYs 1/0 Ports 1/0 Ports 1/0 Ports REF comp_g ADC10_A
Clock P1/P2 P3/P4 P5/P6 "
XT20UT €| system| » smcLk| 24KB || 4KB+2KB 2x810s || 1x510s || 1x610s 10 8it
ystem - 16KB interrupt || 1x8 10 1x8 1/O 200 KSPS
LDO PortMap || * *
RAM Control akeup 12 Channels
MELK Flash SVM/SVS (P2) (10 ext/ 2 int)
Brownout PA PB PC Window
| 1x16 I0s || 1x13110s || 1x14 1Os Comparator
CPUXV2 MAB DMA
and
'_\‘Norking MDB 3 Channel
EEM
(S:3+1)
usclo,1 Full-speed
JTAG/ TAO TA1 TA2 TBO USB
SBW Ax: UART,
Interface MPY32 Timer A || Timer_A || Timer_A || Timer_B RTC_A CRC16 || 1rDA, SPI || usB-PHY
5CC 3cc 3cc 7¢C USB-LDO
gi s Regi Regit gi S Bx: SPI, 12C| | ysB-PLL
DP,DM,PUR

Figure 1-1. Functional Block Diagram — MSP430F5510IRGC, MSP430F5509IRGC, MSP430F5508IRGC,
MSP430F55101ZQE, MSP430F55091ZQE, MSP430F5508IZQE

Figure 1-2 shows the functional block diagram for the MSP430F5510, MSP430F5509, and MSP430F5508
devices in the RGZ and PT packages.

XIN XOUT RST/NMI DV, DVy Ve AVe AV PA PB PC
A P1.x, P2.x P4.x), P5.x|, P6.x
v v VvV v VvV V¥
XT2IN —{- Y
Unified [ ACLK Power SYs 110 Ports || 10 Ports || 110 Ports REF COMP_B || ADC10_A
Clock 32KB P1, P2 P4 P5, P6 '
XT20UT «{—|system| p smcLk| 24KB || #KB*2KE Watchdog || 1.gos || 1xawos || 1x610s 200 fs';s
16KB LDO Port Map Il:;rlrlu(:)st 1x41/0s 8 Channels
Flash RAM SVM. SVS Control Wakeup’ 6 ext, 2 int)
MCLK ) SVS, (P4) Window
Brownout PA PB PC Comparator
< 19 I/0s 1x81/0s || 1x101/0s P:
MAB
CPUXV2 DMA
and
r\!\lo_rking MDB 3 Channel
g
EEM
(S:3+1)
usclo,1 Full-Speed
JTAG, TAO TA1 TA2 TBO USB
SBW MPY32 . ' . . RTC_A crets || G AR
Interface Timer_A Timer_A Timer_A Timer_B ! IrDA, SPI USB-PHY
5CC 3cC 3CC 7CC USB-LDO
gisters gisters | [ Registers gisters Bx: SPI, 12¢| | ysB-PLL
DP,DM,PUR

NOTE: See Table 3-1 for limitations on the simultaneous availability of USCI module signals.

Figure 1-2. Functional Block Diagram — MSP430F5510IRGZ, MSP430F5509IRGZ, MSP430F5508IRGZ,
MSP430F5510IPT, MSP430F55091PT, MSP430F5508IPT
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Figure 1-3 shows the functional block diagram for the MSP430F5507, MSP430F5506, and MSP430F5505
devices in the RGZ package and the MSP430F5504 device in the RGZ and PT packages.

XIN XOUT RST/NMI DV, DV V. AV AV PA PB pC
A ‘ ‘ ‘ ‘ ‘ ‘ P1.x), P2.x P4.x), P5.x, P6.x
v v vV Vv VvV ¥V
N N
XT2IN —- Y
Unified [ ACLK 2 Power SYs /0 Ports 1/0 Ports 1/0 Ports REF ADC10_A
Clock KB Mar P1, P2 P4 P5, P6 ;
XT20UT ¢ systom|_p smcLk| 24KB || 4KB+2KB Watchdog || 1.g'ios || 1x810s || 1%610s o B
16KB Port Ma 1%1 1/0s 1%4 1/0s P
8KB LDO p Interrupt.
RAM Control 4 8 Channels
MCLK SVM, SVS, (P4) Wakeup (6 int, 2 ext)
Flash Brownout PA PB PC Window
1x9 1/0Os 1x8 1/0s 1x10 1/Os Comparator
CPUXV2 MAB DMA
and
Working MDB 3 Channel
Registers]
EEM
(S:3+1)
usci Full-Speed
JTAG, TAO TA1 TA2 TBO uUsB
SBW A1: UART,
Interface MPY32 Timer_A || Timer_ A || Timer_A || Timer_B RTC_A CRC16 IrDA, SPI || usB-PHY
5 _CC 3 _CC 3 _CC 7 FZC USB-LDO
R ters R ters Reg S R S B1: SPI, 12C| | USB-PLL
DP,DM,PUR

Figure 1-3. Functional Block Diagram — MSP430F5507IRGZ, MSP430F5506IRGZ, MSP430F5505IRGZ,

Figure 1-4 shows the functional block diagram for the MSP430F5503, MSP430F5502, MSP430F5501, and

MSP430F5504IRGZ, MSP430F5504IPT

MSP430F5500 devices in the RGZ package.

XIN XOUT RST/NMI DV;; DV Vioee AV AV PA PB PC
A ‘ ‘ ‘ ‘ P1.x), P2.x P4.x, P5.x P6.x
v v v VvV ¥V
N N
XT2IN —-p Y
Unified [ > ACLK | Power svs 1o Ports || 10 Ports || 1o Ports REF comp_B
Clock KB Mar P1, P2 P4 P5, P6
XT20UT 4-{—{system| p smcLk| 24KB || 4KB*2KB Watchdog || 1.g'ios || 1x810s || 1%610s
16KB 1%11/0s 1x41/0s
Port Map
8KB RAM LDO Control Interrupt,
MCLK SVM, SVS, (P4) Wakeup
Flash Brownout PA PB PC
1x9 1/0Os 1x8 1/0s 1x10 1/Os
CPUXV2 MAB DMA
and
Working MDB 3 Channel
Registers]
EEM
(S:3+1)
uscit Full-Speed
JTAG, TAO TA1 TA2 TBO A UART uUsSB
SBW . y . . : ’
Interface MPY32 Timer_A Timer_A Timer_A Timer_B RTC_A CRC16 IrDA, SPI USB-PHY
5CC 3cc 3cC 7CC USB-LDO
Registers || Registers | | Registers || Registers B1: SPI, 12C| | USB-PLL
DP,DM,PUR

Figure 1-4. Functional Block Diagram — MSP430F5503IRGZ, MSP430F5502IRGZ, MSP430F5501IRGZ,
MSP430F5500IRGZ
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2 Revision History

Changes from Revision | (November 2013) to Revision J Page
« Document format and layout changes throughout, including addition of section numbering ..........cccvvvvieiiiiinnnn. 1
e Added Device INformation table ......iieeiiseiiiii e 2
* Added Section 1.4 and moved all functional block diagrams t0 it.......ceevvieiiiiiiiiiiiiii e 3
e Changed Figure 1-2 to show two USCIs and added note about signal access limitations .........ccceevviiiineiiiinnnnnn. 3
* Added Section 3 and moved Table 3-1 0 tu...uurueiiriieiiririi i 7
» For 48-pin options on F5510, F5509, and F5508, changed to two USCIs with note about port mapping limitations. .. 7
CIYYo (o [=To IV/11 g W o ol g T o1 (T4 (U] ) ol (o TN = Ao [= T od £ o 14
* Added Section 5 and moved all electrical SPecifications t0 it +...vvviseiiiiriiiii i 17
o Added Section 5.2, ESD RaliNGS. . tuuuuetiruuteiiiutesiisse st ssaissstaaisnsssaasestaassnssiassresisannns 17
*  Moved Section 5.6, Thermal CharaCteriStiCS ...uuvueiiurerieeiiiirieriiirias it iarrsies e sarsrarsransaanness 21
+ Changed the TYP value of C__¢; with Test Conditions of "XTS = 0, XCAPx = 0" from 2 pFt0 1 pF.......c.covvvinnnns 26
e Added "Cyerers = 20 pF" to Test ConditioNS fOr Ejvuuuuuriiseiieiiiiiii i s s aaeens 40
e In Test Conditions for Ep, Eq, Eg, and E;: changed from "(Vegees — Veree)MIiN £ (Verers — Verer)" tO

"1.4V < (Verers — Verer)"; changed from "Cyrpr: 10 "CyeRER+ «rseeerrranrrerrmnnrsrrainnessminnnesssinnssssainssisasnnesss 40
* Added "ADC10SREFx = 11b" to Test Conditions for Eg and Et....cviiiiiiiiiiiiiiiiiiiiiiiisise 40
» Changed MIN value of AVccmin With Test Conditions of "REFVSEL = {0} for 1.5 V" from 2.2 Vto 1.8 V.............. 41
» Changed the value of CBREFACC in both Test Conditions for |xycc rer; changed first row from 0 to 1; changed
ES7=ToT] 0 T I 01TV 0] 0 T o 42
» Changed P5.3 figure (added P5SEL.2 and XT2BYPASS inputs with AND and OR gates)......ccceviuriineiiinninnnenns 83
e Changed P5SEL.3 column from X t0 0 fOr "P5.3 (I/O)" FOWS ... .uuueeiiiinteeiiietetsanntessaanssessansessaannsssaannsesanns 83
e Changed P5.5 figure (added P5SEL.5 input and OR gate) ...uvuueeeiiiiueriinisesiriisssirissessinnnesisansrsssannressns 85
e Changed P5SEL.5 column from X t0 O for "P5.5 (I/0)" FOWS .. .uuuutesiiineessaannressanneesssanseessannnessssnnessssnneesenns 85
e Added ZQE and PT packages to Table 6-57 header FOW ......ocuvvieeiiiiiiiiiirii i s raees 92
« In Table 6-58, removed second USCI and corrected first USCI device descriptor value........ccvveveeeiviiienninnnnnenn. 95
* Added Section 7 and moved Tools Support, Device Nomenclature, ESD Caution, and Trademarks sections to it... 98
L Vo [ 1= =T o1 1o ] T 102
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3 Device Comparison
Table 3-1 summarizes the available family members.

Table 3-1. Family Members ®®

uscl
PROGRAM
DEVICE MEMORY | S | Timer A® | Timer_B®) | CHANNEL A:| CHANNEL B: | ADZIOA | COTp.B o | PATRAGE
(KB) (KB) UART, LIN, SPI, I2C (CH) (CH)
IrDA, SPI
. 64 RGC,
2 2 10 ext, 2 int 8 47 80 ZOE
MSP430F5510 32 4+2 5,3,3 7 prgs
®) ® ; :
2 2 6 ext, 2 int 4 31 48 RGY
. 64 RGC,
2 2 10 ext, 2 int 8 47 80 ZQE
MSP430F5509 24 4+2 5,3,3 7 oy
® ® i :
2 2 6 ext, 2 int 4 31 48 RGZ,
. 64 RGC,
2 2 10 ext, 2 int 8 47 80 ZQE
MSP430F5508 16 4+2 5,3,3 7 e
® ® ; :
2 2 6 ext, 2 int 4 31 48 RGZ,
MSP430F5507 32 4+2 5,3,3 7 1 1 6 ext, 2 int - 31 48 RGZ
MSP430F5506 24 4+2 5,3,3 7 1 1 6 ext, 2 int - 31 48 RGZ
MSP430F5505 16 4+2 5,3,3 7 1 1 6 ext, 2 int - 31 48 RGZ
) 48 PT,
MSP430F5504 8 4+2 5,3,3 7 1 1 6 ext, 2 int - 31 48 RGY
MSP430F5503 32 4+2 5,3,3 7 1 1 - 4 31 48 RGZ
MSP430F5502 24 4+2 5,3,3 7 1 1 - 4 31 48 RGZ
MSP430F5501 16 4+2 53,3 7 1 1 - 4 31 48 RGZ
MSP430F5500 8 4+2 53,3 7 1 1 - 4 31 48 RGZ

(1) For the most current part, package, and ordering information for all available devices, see the Package Option Addendum in Section 8,
or see the Tl website at www.ti.com.

(2) Package drawings, standard packing quantities, thermal data, symbolization, and PCB design guidelines are available at
www.ti.com/packaging.

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

(4) 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.

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

(6) Two USCIs are available; however, pinned out functions are limited to what the user configures on port 4 with the port mapping
controller (see Section 6.9.2). It may not be possible to bring out all functions simultaneously.
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4 Terminal Configuration and Functions

4.1 Pin Diagrams

Figure 4-1 shows the pinout for the MSP430F5510, MSP430F5509, and MSP430F5508 devices in the
RGC package.

©)
=
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= X< O
m 8] = D
Y = = 0 Z
= X O = 0 m A N s o
= 02000kt FE = )
ZEEEEEZXXH om0 S
EF 33 n 23N 9 oD X2 p
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X oo o o0 -0 o< >>S>o0 o0 o0 >
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NOTE: Tl recommends connection of the exposed thermal pad to Vss.
Figure 4-1. 64-Pin RGC Package (Top View) — F5510, F5509, F5508
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Figure 4-2 shows the pinout for the MSP430F5510, MSP430F5509, and MSP430F5508 devices in the

ZQE package.

ZQE PACKAGE

(TOP VIEW)
( X1} ( 52) ( 53) ( 54} ( 55) ( Ee} lg7) ( Es} ( 59}
(B) (B2) (B3) (B4) (Bs) (Be) (B7) (Bs) (Bo)
( 51/\ lgz) ( §4/\ 4§5} ( é_e/\ ( 57} ( é—s/\ ( §9/\
(1) §2) ( 53) ( 54} ( 55) ( 56} ( §7) ( 58} 4§9)
(E) Ez} (E3) @4/\ (Es) (gs) (E7) gs) (gQ/\
( ;1) lEz) ( 53) ( ;4) lEs) ( ;6) ( ;7) ( ;8) ( Fg)
ey §z) ( §3) 4§4} ( §5) 4§s} ( §7) 4§s} 4§9}
tﬂg 452/\ (H3) @1} 455/\ (Ee) 457/\ (EB\ ng\
00 () (J) () () (%) (7)) (J) (%)

Figure 4-2. 80-Pin ZQE Package (Top View) — F5510, F5509, F5508
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Figure 4-3 shows the pinout for the MSP430F5510, MSP430F5509, and MSP430F5508 devices in the
RGZ and PT packages.

P6.0/CB0/AO
P6.1/CB1/A1
P6.2/CB2/A2
P6.3/CB3/A3
P5.0/A8/VeREF+
P5.1/A9/VeREF-
AVCC1

P5.4/XIN
P5.5/XOUT
AVSS1

DVCC1 |

DVSS1

©)
e
X
< O -
[ e}
w =0 2
= M N N 2
%@;;N &) &
S N N 7)) n 0 = = D
E o 9N @ oD X2y
N W ww>S=22MDDD0N
X R oo << >>>0o0 0 >
o o LU LU U U U U N
48 47 46 45 44 43 42 41 40 39 38 37
__)1| —————————————————————— |36\__
5 2 | | 350
5 3 | 34C]
5 4| l 33
_— MSP430F5510IRGZ [
5 5 32
- MSP430F5509IRGZ | o2t
) 6 : MSP430F5508IRGZ 1310
- 7 | MSP430F5510IPT ! 300]
B MSP430F55091PT P
- 81 MSP430F55081PT | 294
__)9: :28&__
__)10: :27&__
_)11: :26&__
12— 4 25
13 14 15 16 17 18 19 20 21 22 23 24
N (L (i
WY ©O«-N®MITEOQ- QX
50222%%0xILR0
SIECEEEREEELSE
S =9a380R89 3543
Oaononaaank
o ) .
g -
5 =
a 2
[

NOTE: TI recommends connection of the exposed thermal pad to Vgs.

Figure 4-3. 48-Pin RGZ or PT Package (Top View) — F5510, F5509, F5508

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
DvVCC2

DVSS2

PJ.3/TCK

PJ.2/TMS
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Figure 4-4 shows the pinout for the MSP430F5507, MSP430F5506, MSP430F5505 devices in the RGZ
package and the MSP430F5504 device in the RGZ and PT packages.
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NOTE: TI recommends connection of the exposed thermal pad to Vss.

Figure 4-4. 48-Pin RGZ or PT Package (Top View) — F5507, F5506, F5505, F5504

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
DvVCC2

DVSS2

PJ.3/TCK

PJ.2/TMS
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Figure 4-5 shows the pinout for the MSP430F5503, MSP430F5502, MSP430F5501, and MSP430F5500
devices in the RGZ package.
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NOTE: TI recommends connection of the exposed thermal pad to Vgs.

Figure 4-5. 48-Pin RGZ Package (Top View) — F5503, F5502, F5501, F5500
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4.2 Signal Descriptions

Table 4-1 describes the signals for all device variants and package options.

Table 4-1. Terminal Functions

TERMINAL
AN :;Z' oW DESCRIPTION
RGC PT ' | ZQE

General-purpose digital 1/0

P6.4/CB4/A4 5 N/A C1 I/O | Comparator_B input CB4 (not available on PT and RGZ package devices)
Analog input A4 — ADC (not available on PT and RGZ package devices)
General-purpose digital 1/0

P6.5/CB5/A5 6 N/A D2 I/0 | Comparator_B input CB5 (not available on PT and RGZ package devices)
Analog input A5 — ADC (not available on PT and RGZ package devices)
General-purpose digital 1/0

P6.6/CB6/A6 7 N/A D1 I/O | Comparator_B input CB6 (not available on PT and RGZ package devices)
Analog input A6 — ADC (not available on PT and RGZ package devices)
General-purpose digital 1/0

P6.7/CB7/A7 8 N/A D3 I/0 | Comparator_B input CB7 (not available on PT and RGZ package devices)
Analog input A7 — ADC (not available on PT and RGZ package devices)
General-purpose digital 1/0
Analog input A8 — ADC (not available on F5503, F5502, F5501, F5500

P5.0/A8/VeREF+ 9 5 El I/O | devices)
Input for an external reference voltage to the ADC (not available on F5503,
F5502, F5501, F5500 devices)
General-purpose digital 1/0
Analog input A9 — ADC (not available on F5503, F5502, F5501, F5500

P5.1/A9/VeREF- 10 6 E2 I/O | devices)
Negative terminal for an externally provided ADC reference (not available
on F5503, F5502, F5501, F5500 devices)

AVCC1 11 7 F2 Analog power supply

PS5 4/XIN 1 8 1 Vo General-pl.erose digital 1/0 .
Input terminal for crystal oscillator XT1

P5 E/XOUT 13 9 61 Vo General-purpose digital 1/0 -
Output terminal of crystal oscillator XT1

AVSS1 14 10 G2 Analog ground supply

DvCC1 15 11 H1 Digital power supply

DVSS1 16 12 Ji Digital ground supply

VCORE® 17 13 2 Ilzzgtﬂgt)ed core power supply output (internal use only, no external current
General-purpose digital /0 with port interrupt

P1.0/TAOCLK/ACLK 18 14 H2 I/O | TAO clock signal TAOCLK input
ACLK output (divided by 1, 2, 4, 8, 16, or 32)
General-purpose digital 1/0 with port interrupt

P1.1/TA0.0 19 15 H3 I/O | TAO CCRO capture: CCIOA input, compare: OutO output
BSL transmit output
General-purpose digital /0 with port interrupt

P1.2/TA0.1 20 16 J3 I/O | TAO CCR1 capture: CCI1A input, compare: Outl output
BSL receive input

(1) 1=input, O = output, N/A = not available

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

capacitor value, Cycore (see Section 5.3).
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Table 4-1. Terminal Functions (continued)

TERMINAL
NAME NO. /oW DESCRIPTION
RGZ,
RGC PT ZQE

General-purpose digital /0 with port interrupt
P1.3/TA0.2 21 17 G4 I/0 )

TAO CCR2 capture: CCI2A input, compare: Out2 output

General-purpose digital /0 with port interrupt
P1.4/TA0.3 22 18 H4 I/0 )

TAO CCRS3 capture: CCI3A input compare: Out3 output

General-purpose digital 1/0 with port interrupt
P1.5/TA0.4 23 19 J4 110 )

TAO CCR4 capture: CCI4A input, compare: Out4 output

General-purpose digital /0 with port interrupt
P1.6/TA1CLK/CBOUT 24 20 G5 I/0 | TA1 clock signal TALCLK input

Comparator_B output

General-purpose digital /0 with port interrupt
P1.7/TA1.0 25 21 H5 110 )

TA1 CCRO capture: CCIOA input, compare: OutO output

General-purpose digital /0 with port interrupt
P2.0/TA1.1 26 22 J5 110 )

TA1 CCRL1 capture: CCI1A input, compare: Outl output

General-purpose digital /0 with port interrupt
P2.1/TA1.2 27 N/A G6 110 )

TA1 CCR2 capture: CCI2A input, compare: Out2 output

General-purpose digital /0 with port interrupt
P2.2/TA2CLK/SMCLK 28 N/A J6 I/0 | TA2 clock signal TA2CLK input

SMCLK output

General-purpose digital 1/0 with port interrupt
P2.3/TA2.0 29 N/A H6 110 )

TA2 CCRO capture: CCIOA input, compare: OutO output

General-purpose digital /0 with port interrupt
P2.4/TA2.1 30 N/A J7 110 )

TA2 CCRL1 capture: CCI1A input, compare: Outl output

General-purpose digital /0 with port interrupt
P2.5/TA2.2 31 N/A J8 110 )

TA2 CCR2 capture: CCI2A input, compare: Out2 output

General-purpose digital /0 with port interrupt
P2.6/RTCCLK/DMAEO 32 N/A J9 I/O | RTC clock output for calibration

DMA external trigger input

General-purpose digital /0 with port interrupt

Slave transmit enable — USCI_BO0 SPI mode
P2.7/UCBOSTE/UCAOCLK 33 N/A H7 I/0 ) )

Clock signal input — USCI_AO SPI slave mode

Clock signal output — USCI_AO SPI master mode

General-purpose digital 1/0
P3.0/UCBOSIMO/UCBOSDA 34 N/A H8 I/O | Slave in, master out — USCI_BO SPI mode

I°C data — USCI_BO I2C mode

General-purpose digital 1/0
P3.1/UCBOSOMI/UCBOSCL 35 N/A H9 I/O | Slave out, master in — USCI_BO SPI mode

I°C clock — USCI_BO I°C mode

General-purpose digital 1/0

Clock signal input — USCI_BO SPI slave mode
P3.2/UCBOCLK/UCAOSTE 36 N/A G8 110 )

Clock signal output — USCI_BO SPI master mode

Slave transmit enable — USCI_AO SPI mode

General-purpose digital 1/0
P3.3/UCAOTXD/UCAOSIMO 37 N/A G9 I/O | Transmit data — USCI_AO UART mode

Slave in, master out — USCI_AO SPI mode
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Table 4-1. Terminal Functions (continued)

TERMINAL
NAME Ik /o DESCRIPTION
rec | RSZ | zQE

General-purpose digital 1/0
P3.4/UCAORXD/UCAOSOMI 38 N/A G7 I/0 | Receive data — USCI_AO UART mode
Slave out, master in — USCI_AO0 SPI mode

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

P4.0/PM_UCB1STE/

Default mapping: Slave transmit enable — USCI_B1 SPI mode
PM_UCALCLK 41 29 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 /0O with reconfigurable port mapping secondary
P4.1/PM_UCB1SIMO/ o | 0 | &7 | oy | _
PM_UCB1SDA Default mapping: Slave in, master out — USCI_B1 SPI mode

Default mapping: I1°C data — USCI_B1 I°C mode

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

P4.2/PM_UCB1SOMI/ 43 a1 5o /o function
PM_UCB1SCL Default mapping: Slave out, master in — USCI_B1 SPI mode

Default mapping: 1°C clock — USCI_B1 I°C mode
General-purpose digital /O with reconfigurable port mapping secondary

function

Ei\lliS/LIJDCMAaUS(‘:I'?ElCLK/ 44 32 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 39 27 F9 Digital ground supply

DvCC2 40 28 E9 Digital power supply
fGene_raI—purpose digital 1/0 with reconfigurable port mapping secondary
unction

P4.4/PM_UCALTXD/ 45 33 D7 /0
PM_UCA1SIMO Default mapping: Transmit data — USCI_A1 UART mode

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

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

function
P4.5/PM_UCA1RXD/ 46 34 co /0

PM_UCA1SOMI 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 47 35 cg | 1o |function
Default mapping: no secondary function

General-purpose digital /0O with reconfigurable port mapping secondary
P4.7/PM_NONE 48 36 c7 /o | function
Default mapping: no secondary function

VSSU 49 37 BB% USB PHY ground supply
General-purpose digital 1/0 - controlled by USB control register
PU.O/DP 50 38 A9 110

USB data terminal DP

USB pullup resistor pin (open drain). The voltage level at the PUR pin is
PUR 51 39 B7 /0 | used to invoke the default USB BSL. Recommended 1-MQ resistor to
ground. See Section 6.5.1 for more information.

General-purpose digital 1/0 - controlled by USB control register

PU.1/DM 52 40 A8 110 .
USB data terminal DM
VBUS 53 41 A7 USB LDO input (connect to USB power source)
VUSB 54 42 A6 USB LDO output
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Table 4-1. Terminal Functions (continued)

TERMINAL
NAME NO. 11o® DESCRIPTION
RGZ,
RGC PT ZQE

V18 55 43 B6 USB regulated power (internal use only, no external current loading)

AVSS2 56 44 A5 Analog ground supply
General-purpose digital 1/0

P5.2/XT2IN 57 45 B5 110 ) )
Input terminal for crystal oscillator XT2
General-purpose digital 1/0

P5.3/XT20UT 58 46 B4 I/0 . .
Output terminal of crystal oscillator XT2
Test mode pin — select digital 1/0 on JTAG pins

TEST/SBWTCK 59 a7 A4 | .
Spy-By-Wire input clock
General-purpose digital 1/0

PJ.0O/TDO 60 23 C5 110

Test data output port

General-purpose digital 1/0
PJ.1/TDITCLK 61 24 c4 I/O | Test data input
Test clock input

General-purpose digital 1/0
PJ.2ITMS 62 25 A3 I/0
Test mode select

General-purpose digital 1/0
PJ.3/TCK 63 26 B3 I/0
Test clock

Reset input, active low®
RST/NMI/SBWTDIO 64 48 A2 I/O | Nonmaskable interrupt input
Spy-By-Wire data input/output

General-purpose digital 1/0

Comparator_B input CBO (not available on F5507, F5506, F5505, F5504
P6.0/CB0O/AO 1 1 Al I/O | devices)

Analog input A0 — ADC (not available on F5503, F5502, F5501, F5500
devices)

General-purpose digital 1/0

Comparator_B input CB1 (not available on F5507, F5506, F5505, F5504
P6.1/CB1/A1 2 2 B2 I/O | devices)

Analog input A1 — ADC (not available on F5503, F5502, F5501, F5500
devices)

General-purpose digital 1/0

Comparator_B input CB2 (not available on F5507, F5506, F5505, F5504
P6.2/CB2/A2 3 3 B1 I/O | devices)

Analog input A2 — ADC (not available on F5503, F5502, F5501, F5500
devices)

General-purpose digital 1/0
Comparator_B input CB3 (not available on F5507, F5506, F5505, F5504

P6.3/CB3/A3 4 4 c2 I/O | devices)
Analog input A3 — ADC (not available on F5503, F5502, F5501, F5500
devices)

Reserved N/A | N/A @) Reserved. Connect to ground.

QFN Pad Pad Pad N/A Exposed QFN package pad (not available on PT package devices). Tl

recommends connecting to Vss.

(3) When this pin is configured as reset, the internal pullup resistor is enabled by default.
(4) Ce, D4, D5, D6, E3, E4, E5, E6, F3, F4, F5, F6, F7, F8, G3 are reserved and should be connected to ground.
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5 Specifications

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

MIN MAX UNIT
Voltage applied at V¢ to Vss -0.3 4.1 \%
Voltage applied to any pin (excluding VCORE, VBUS, V18)© -0.3 Vee + 0.3 v
Diode current at any device pin +2 mA
Maximum junction temperature, T, 95 °C
Storage temperature, Tgg® -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 Vgs. 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.

5.2 ESD Ratings

VALUE UNIT
o Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001 () +1000
Vesp) Electrostatic discharge - — 2 \%
Charged-device model (CDM), per JEDEC specification JESD22-Cc101®@ +250

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

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

5.3 Recommended Operating Conditions
Typical values are specified at Voc = 3.3 V and T, = 25°C (unless otherwise noted)

MIN  NOM MAX | UNIT
PMMCOREVx =0 1.8 3.6
v Supply voltage during program execution and flash PMMCOREVx =0, 1 2.0 36|
ce programming(AVcc = DVce) M@ PMMCOREVx = 0, 1, 2 22 36
PMMCOREVx =0, 1, 2, 3 2.4 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 2.2 3.6
Vece,uss \
PMMCOREVx =0, 1, 2, 3 2.4 3.6
Supply voltage during USB operation, USB PLL enabled®), | PMMCOREVX = 2 2.2 3.6
USB_EN =1, UPLLEN =1 PMMCOREVx = 2, 3 2.4 3.6
VSS Supply voltage (AVSS = DVSSl/Z = DVSS) 0 \Y%
Ta Operating free-air temperature | version -40 85| °C
T; Operating junction temperature | version -40 85| °C
CvcoRE Capacitor at VCORE® 470 nF
SDVCC/ Capacitor ratio of DVCC to VCORE 10
VCORE

(1) TIrecommends powering AVCC and DVCC from the same source. A maximum difference of 0.3 V between 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 5.22 threshold parameters for
the exact values and further details.

(3) USB operation with USB PLL enabled requires PMMCOREVXx = 2 for proper operation.

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

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

MIN  NOM  MAX| UNIT
PMMCOREVX = 0,
1.8V<Vcc£36V 0 8.0
(default condition)
. 5 PMMCOREVxX = 1, 0 120
f Processor frequency (maximum MCLK frequency)® 20V<sVccs36V 1 MHz
SYSTEM (see Figure 5-1)
PMMCOREVXx = 2, 0 20.0
22V<Vcc<36V '
PMMCOREVX = 3,
24V <Vee <36V 0 25.0
fsystem use ~ Minimum processor frequency for USB operation 15 MHz
USB_wait Wait state cycles during USB operation 16 cycles

(5) Modules may have a different maximum input clock specification. See the specification of the respective module in this data sheet.

A

12 | — —

System Frequency - MHz

1.8 2.0 2.2

2.4

Supply Voltage - V

\

The numbers within the fields denote the supported PMMCOREVX settings.

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

FREQUENCY (foco = fmcLk = fsmcLk)
EXECUTION
PARAMETER MEMORY Vee PMMCOREVX 1 MHz 8 MHz 12 MHz 20 MHz 25 MHz UNIT
TYP MAX | TYP MAX | TYP MAX | TYP MAX | TYP MAX
0 025 0.27| 155 1.68
| Flash 3V 1 0.28 1.74 258 278 A
as m
AM, Flash 2 0.30 1.91 2.84 468 5.06
3 0.32 2.09 3.10 5.13 6.0 6.5
0 0.17 0.19| 091 1.00
| RAM 3V 1 0.19 1.03 154 167 A
m
AM. RAM 2 0.20 1.16 1.73 284 311
3 0.21 1.24 1.87 31 39 43
(1) Allinputs are tied to 0 V or to Vcc. Outputs do not source or sink any current.
(2) The currents are characterized with a Micro Crystal MS1V-T1K crystal with a load capacitance of 12.5 pF. The internal and external load
capacitance are chosen to closely match the required 12.5 pF.
(3) Characterized with program executing typical data processing. USB disabled (VUSBEN = 0, SLDOEN = 0).

fACLK = 32786 Hz, fDCO = fMCLK = fSMCLK at Specified frequency.

XTS = CPUOFF = SCGO = SCG1 = OSCOFF = SMCLKOFF = 0.
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5.5 Low-Power Mode Supply Currents (Into Vc) Excluding External Current
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)® @

—40°C 25°C 60°C 85°C
PARAMETER Vee | PMMCOREVX UNIT
TYP MAX | TYP MAX | TYP MAX | TYP MAX
| Low-oower mode 0@® |22 0 73 77 85 80 85 7]
LPMO.1MHz P 3V 3 79 83 92 88 95 105 "
22V 0 6.5 6.5 8| 75 8 11
I pm2 Low-power mode 2®)*) LA
3V 3 7.0 7.0 9| 7.9 8.9 13
0 1.60 1.90 2.6 3.4
22V 1 1.65 2.00 2.7 3.6
2 1.75 2.15 2.9 3.8
Low-power mode 3,
WPMaXTLLE g Stgl e ® 0 1.8 21 26| 28 36 60| pA
1 1.9 2.3 2.9 3.8
3V
2 2.0 2.4 3.0 4.0
3 2.0 25 30| 31 40 65
0 1.1 1.3 1.8 19 27 50
Low-power mode 3 1 11 14 2.0 2.8
| ' 3V A
LPMSVLO  vL.O mode ™) 2 12 15 21 2.9 H
3 1.3 15 20| 22 30 55
0 0.9 11 15| 18 25 48
I Low-power mode 4®®) 3V ! 11 1.2 2.0 26 A
LPM4 P 2 1.2 1.2 2.1 2.7 H
3 1.3 1.3 16| 22 28 50
ILpMa.s Low-power mode 4.5 3V 0.15 0.18 0.35| 0.26 045 0.80| pA

(1) Allinputs are tied to 0 V or to Vcc. Outputs do not source or sink any current.

(2) The currents are characterized with a Micro Crystal MS1V-T1K crystal with a load capacitance of 12.5 pF. The internal and external load
capacitance are chosen to closely match the required 12.5 pF.

(3) Current for watchdog timer clocked by SMCLK included. ACLK = low frequency crystal operation (XTS = 0, XT1DRIVEX = 0).
CPUOFF =1, SCGO0 =0, SCG1 =0, OSCOFF =0 (LPMO), fACLK = 32768 Hz, fMCLK =0 MHz, fSMCLK = fDCO =1MHz
USB disabled (VUSBEN = 0, SLDOEN = 0).

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

(5) Current for watchdog timer and RTC clocked by ACLK included. ACLK = low frequency crystal operation (XTS = 0, XT1DRIVEx = 0).
CPUOFF =1, SCGO =0, SCG1 =1, OSCOFF =0 (LPM2); facik = 32768 Hz, fycik = 0 MHZ, fsmeik = foco = 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,SCG0O =1,SCG1 =1, 0SCOFF =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,SCGO0 =1, SCG1 =1, OSCOFF =0 (LPM3), fACLK = fVLOr fMCLK = fSMCLK = cho =0 MHz
USB disabled (VUSBEN = 0, SLDOEN = 0)

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

(9) Internal regulator disabled. No data retention.

CPUOFF =1,SCG0 =1, SCG1 =1, OSCOFF =1, PMMREGOFF = 1 (LPM4.5); fpco = facik = fwick = fsmeik = 0 MHz
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5.6 Thermal Packaging Characteristics

PARAMETER VALUE® UNIT
VQFN (RGC) 30
. . . I VQFN (RGZ) 28.6
8a Junction-to-ambient thermal resistance, still air® °C/W
LQFP (PT) 62.8
BGA (ZQE) 55.5
VQFN (RGC) 15.6
_ _ . VQFN (RGZ) 14.4
93c(ToP) Junction-to-case (top) thermal resistance ® °C/W
LQFP (PT) 18.2
BGA (ZQE) 21.2
VQFN(RGC) 1.6
. _ " VQFN (RGZ) 16
81cBOTTOM) Junction-to-case (bottom) thermal resistance ) LOFP 1) A °C/W
BGA (ZQE) N/A
VQFN (RGC) 8.9
_ _ . VQFN (RGZ) 55
B85 Junction-to-board thermal resistance ® °C/W
LQFP (PT) 28.3
BGA (ZQE) 19.3

(1) N/A = not applicable

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

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

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

(5) The junction-to-board thermal resistance is obtained by simulating in an environment with a ring cold plate fixture to control the PCB
temperature, as described in JESD51-8.
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5.7 Schmitt-Trigger Inputs — General-Purpose /0 @
(P1.0to P1.7, P2.0 to P2.7, P3.0 to P3.4, P4.0 to P4.7)
(P5.0to P5.5, P6.0 to P6.7, PJ.0 to PJ.3, RST/NMI)

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

PARAMETER TEST CONDITIONS Vce MIN TYP  MAX| UNIT

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

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

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

Rpui Pullup or pulldown resistor? Eg:: gﬂ::gg‘:lvzl:NV:INV:S%CC 20 35 50| kQ

C Input capacitance Vin = Vss Of Ve 5 pF

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

5.8 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 Vee MIN  MAX| UNIT
] . L (©2) Port P1, P2: P1.x to P2.x, External trigger pulse duration
tint) External interrupt timing 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;ny) is met. It may be set by trigger signals
shorter than tpny.

5.9 Leakage Current — General-Purpose I/O
(P1.0to P1.7, P2.0 to P2.7, P3.0 to P3.4, P4.0 to P4.7)
(P5.0to P5.5, P6.0 to P6.7, 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 QRO 1.8V,3V +#50| nA

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

5.10 Outputs — General-Purpose 1/O (Full Drive Strength)
(P1.0 to P1.7, P2.0 to P2.7, P3.0 to P3.4, P4.0 to P4.7, P5.0 to P5.5, P6.0 to P6.7, PJ.0

to PJ.3)
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
PARAMETER TEST CONDITIONS Vee MIN MAX| UNIT

l(OHmax) = —3 MA® L8V Vee — 0.25 Vee

VoH High-level output voltage oHma =10 mA® Vee =060 Vee \%
l(OHmax) = —5 MA® v Vee — 0.25 Vee
|(OHmax) = —15 mMA® Vec — 0.60 Vee
l(oLmax = 3 MAWX) Y Vss Vss+0.25

VoL Low-level output voltage oLmay = 10 mA® Vss Vss+ 060 \%
loLmax = 5 MAWX) v Vss Vss+0.25
l(oLmax) = 15 mA® Vss Vss + 0.60

(1) The f?agimum total current, liopmax) @nd lioLmax), for all outputs combined should not exceed +48 mA to hold the maximum voltage drop

specirned.

(2) The maximum total current, lioHmax) @nd lioLmax), for all outputs combined should not exceed +100 mA to hold the maximum voltage
drop specified.

22 Specifications Copyright © 2009-2015, Texas Instruments Incorporated
Submit Documentation Feedback
Product Folder Links: MSP430F5510 MSP430F5509 MSP430F5508 MSP430F5507 MSP430F5506 MSP430F5505
MSP430F5504 MSP430F5503 MSP430F5502 MSP430F5501 MSP430F5500


http://www.ti.com/product/msp430f5510?qgpn=msp430f5510
http://www.ti.com/product/msp430f5509?qgpn=msp430f5509
http://www.ti.com/product/msp430f5508?qgpn=msp430f5508
http://www.ti.com/product/msp430f5507?qgpn=msp430f5507
http://www.ti.com/product/msp430f5506?qgpn=msp430f5506
http://www.ti.com/product/msp430f5505?qgpn=msp430f5505
http://www.ti.com/product/msp430f5504?qgpn=msp430f5504
http://www.ti.com/product/msp430f5503?qgpn=msp430f5503
http://www.ti.com/product/msp430f5502?qgpn=msp430f5502
http://www.ti.com/product/msp430f5501?qgpn=msp430f5501
http://www.ti.com/product/msp430f5500?qgpn=msp430f5500
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLAS645J&partnum=MSP430F5510
http://www.ti.com/product/msp430f5510?qgpn=msp430f5510
http://www.ti.com/product/msp430f5509?qgpn=msp430f5509
http://www.ti.com/product/msp430f5508?qgpn=msp430f5508
http://www.ti.com/product/msp430f5507?qgpn=msp430f5507
http://www.ti.com/product/msp430f5506?qgpn=msp430f5506
http://www.ti.com/product/msp430f5505?qgpn=msp430f5505
http://www.ti.com/product/msp430f5504?qgpn=msp430f5504
http://www.ti.com/product/msp430f5503?qgpn=msp430f5503
http://www.ti.com/product/msp430f5502?qgpn=msp430f5502
http://www.ti.com/product/msp430f5501?qgpn=msp430f5501
http://www.ti.com/product/msp430f5500?qgpn=msp430f5500

: MSP430F5510, MSP430F5509, MSP430F5508
I F{II\EI)S(?FS{UMENTS MSP430F5507, MSP430F5506, MSP430F5505, MSP430F5504
MSP430F5503, MSP430F5502, MSP430F5501, MSP430F5500

www.ti.com SLAS645] —JULY 2009—REVISED APRIL 2015

5.11 Outputs — General-Purpose I/0O (Reduced Drive Strength)
(P1.0to P1.7, P2.0 to P2.7, P3.0 to P3.4, P4.0 to P4.7, P5.0 to P5.5, P6.0 to P6.7, PJ.0
to PJ.3)

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

PARAMETER TEST CONDITIONS Vee MIN MAX | UNIT
| (OHmax) = —1 MA@ L8V Vee - 0.25 Vee
[ =-3mA® ' Vee - 0.60 v
Vou  High-level output voltage (OHmax) 5 cc ccl vy
| (OHmax) = —2 MA® 3y Vee - 0.25 Vee
|(oHmax) = —6 MA®) Vee - 0.60 Vee
loLmax) = 1 MA@ L8V Vss Vss +0.25
loLmax) = 3 mA® . Vss Vsgs + 0.60
VoL Low-level output voltage > \%
l(oLmax) = 2 mA® 3V Vss Vgg +0.25
loLmax) = 6 mA® Vss Vg + 0.60
(1) Selecting reduced drive strength may reduce EMI.
(2) The maximum total current, loHmax) @nd lioLmax), for all outputs combined, should not exceed +48 mA to hold the maximum voltage drop
specified.
(38) The maximum total current, loHmax) and lioLmax), for all outputs combined, should not exceed 100 mA to hold the maximum voltage
drop specified.

5.12 Output Frequency — General-Purpose I/O
(P1.0 to P1.7, P2.0 to P2.7, P3.0 to P3.4, P4.0 to P4.7, P5.0 to P5.5, P6.0 to P6.7, 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
D@y =18V 16
¢ Port output frequency PMMCOREVx = 0 .
Pxy (Wlth IOad) VCC =3V 25
PMMCOREVx = 3
ACLK Vcc =18V 16
SMCLK PMMCOREVxX = 0
frort_cLk Clock output frequency MCLK v 3V MHz
cc=
C_=20pF® PMMCOREVX = 3 25

(1) Aresistive divider with 2 x R1 between V¢ and Vgg is used as load. The output is connected to the center tap of the divider. For full
drive strength, R1 = 550 Q. For reduced drive strength, R1 = 1.6 kQ. C, = 20 pF is connected to the output to Vss.
(2) The output voltage reaches at least 10% and 90% V¢ at the specified toggle frequency.
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5.13 Typical Characteristics — Outputs, Reduced Drive Strength (PxDS.y = 0)
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
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Figure 5-2. Typical Low-Level Output Current vs Low-Level
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Figure 5-3. Typical Low-Level Output Current vs Low-Level
Output Voltage

0.0 1 T
Vee=3.0V
Px.y

/i

-15.0
T, = 85°C d

20.0 | 1, -25°C

lo, — Typical High-Level Output Current - mA

-25.0

0.0 0.5 1.0 1.5 2.0 25 3.0 3.5

V., — High-Level Output Voltage — V

Figure 5-4. Typical High-Level Output Current vs High-Level
Output Voltage

0.0 T
Vee=1.8V /
1.0 | Px.y

-5.0 T.=85°C _///

I, — Typical High-Level Output Current - mA
A
o

>
_/
60 |- 1,=25°C
7.0
-8.0
0.0 0.5 1.0 15 2.0

V., — High-Level Output Voltage — V

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

24 Specifications

Copyright © 2009-2015, Texas Instruments Incorporated

Submit Documentation Feedback
Product Folder Links: MSP430F5510 MSP430F5509 MSP430F5508 MSP430F5507 MSP430F5506 MSP430F5505
MSP430F5504 MSP430F5503 MSP430F5502 MSP430F5501 MSP430F5500



http://www.ti.com/product/msp430f5510?qgpn=msp430f5510
http://www.ti.com/product/msp430f5509?qgpn=msp430f5509
http://www.ti.com/product/msp430f5508?qgpn=msp430f5508
http://www.ti.com/product/msp430f5507?qgpn=msp430f5507
http://www.ti.com/product/msp430f5506?qgpn=msp430f5506
http://www.ti.com/product/msp430f5505?qgpn=msp430f5505
http://www.ti.com/product/msp430f5504?qgpn=msp430f5504
http://www.ti.com/product/msp430f5503?qgpn=msp430f5503
http://www.ti.com/product/msp430f5502?qgpn=msp430f5502
http://www.ti.com/product/msp430f5501?qgpn=msp430f5501
http://www.ti.com/product/msp430f5500?qgpn=msp430f5500
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLAS645J&partnum=MSP430F5510
http://www.ti.com/product/msp430f5510?qgpn=msp430f5510
http://www.ti.com/product/msp430f5509?qgpn=msp430f5509
http://www.ti.com/product/msp430f5508?qgpn=msp430f5508
http://www.ti.com/product/msp430f5507?qgpn=msp430f5507
http://www.ti.com/product/msp430f5506?qgpn=msp430f5506
http://www.ti.com/product/msp430f5505?qgpn=msp430f5505
http://www.ti.com/product/msp430f5504?qgpn=msp430f5504
http://www.ti.com/product/msp430f5503?qgpn=msp430f5503
http://www.ti.com/product/msp430f5502?qgpn=msp430f5502
http://www.ti.com/product/msp430f5501?qgpn=msp430f5501
http://www.ti.com/product/msp430f5500?qgpn=msp430f5500

: MSP430F5510, MSP430F5509, MSP430F5508

I E’é%S{UMENTS MSP430F5507, MSP430F5506, MSP430F5505, MSP430F5504
MSP430F5503, MSP430F5502, MSP430F5501, MSP430F5500
www.ti.com SLAS645J -JULY 2009—-REVISED APRIL 2015

5.14 Typical Characteristics — Outputs, Full Drive Strength (PxDS.y = 1)
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
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5.15 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, XT1DRIVEx =1, 0.075
Ta=25°C
Differential XT1 oscillator crystal | fosc = 32768 Hz, XTS =0,
Alpycc . current consumption from lowest | XT1BYPASS = 0, XT1DRIVEX = 2, 3V 0.170 HA
drive setting, LF mode Tp =25°C
fosc = 32768 Hz, XTS = 0,
XT1BYPASS = 0, XT1DRIVEX = 3, 0.290
Ta=25°C
XT1 oscillator crystal frequency,
feriLro LF mode Y QUENCY. | xTs = 0, XTIBYPASS = 0 32768 Hz
XT1 oscillator logic-level square- _ _1 @
ITLLESW  wave input frequency, LF mode | 1S = 0. XT1BYPASS = 1 10 32.768 50| kHz
XTS =0,
XT1BYPASS =0, XT1DRIVEx =0, 210
Oscillation allowance for fxriLr = 32768 Hz, Cp et = 6 pF
OALF (4) kQ
LF crystals XTS =0,
XT1BYPASS =0, XT1DRIVEx =1, 300
fXTl,LF = 32768 Hz, CL,eff =12 pF
XTS =0, XCAPx = 0® 1
c Integrated effective load XTS =0, XCAPx =1 5.5 F
Leff capacitance, LF mode ® XTS = 0, XCAPX = 2 8.5 P
XTS =0, XCAPx =3 12.0
XTS =0, Measured at ACLK, o o
Duty cycle, LF mode frir = 32768 Hz 30% 70%
Oscillator fault frequency,
fraultLF LF oo quency XTS =0® 10 10000| Hz
fosc = 32768 Hz, XTS = 0,
XT1BYPASS = 0, XT1DRIVEx = 0, 1000
i TA = 25°C, C|_ eff = 6 pF
tSTART LF Start-up time, LF mode : 3V ms
' fosc = 32768 Hz, XTS = 0,
XT1BYPASS = 0, XT1DRIVEX = 3, 500
Ta =25°C, CL,eff =12 pF
(1) To improve EMI on the XT1 oscillator, the following guidelines should be observed.

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

Design a good ground plane around the oscillator pins.

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

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

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

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

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

(3) Maximum frequency of operation of the entire device cannot be exceeded.

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

* For XT1DRIVEX = 0, C|_ s < 6 pF.

* For XT1DRIVEX =1, 6 pF < C|_ ¢ < 9 pF.
» For XT1DRIVEX = 2, 6 pF < C_ ¢t < 10 pF.
* For XT1DRIVEX = 3, C_ e 2 6 pF.

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

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

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

(7) Frequencies below the MIN specification set the fault flag. Frequencies above the MAX specification do not set the fault flag.
Frequencies between the MIN and MAX specifications might set the flag.

(8) Measured with logic-level input frequency but also applies to operation with crystals.
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5.16 Crystal Oscillator, XT2
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)® @

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, 260
| XT2 oscillator crystal current | XT2BYPASS = 0, XT2DRIVEX =1, Tp = 25°C 3V A
DveeXT2 consumption fosc = 20 MHz, XT20FF = 0, a5
XT2BYPASS = 0, XT2DRIVEX = 2, Tp = 25°C
fosc = 32 MHz, XT20FF =0, 450
XT2BYPASS = 0, XT2DRIVEX = 3, Tp = 25°C
XT2 oscillator crystal _ _ 0@
FIZHF0  fraqueney. modo 0 XT2DRIVEX = 0, XT2BYPASS = 0 4 8| MHz
XT2 oscillator crystal _ NG
FI2HF1 froquency. modo 1 XT2DRIVEX = 1, XT2BYPASS = 0 8 16| MHz
XT2 oscillator crystal _ )
fWI2HF2 froquency mode 2 XT2DRIVEx = 2, XT2BYPASS = 0 16 24| MHz
faronps 2 oscillator crystal XT2DRIVEX = 3, XT2BYPASS = 0©® 24 32| MHz

frequency, mode 3

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

XT2DRIVEXx =0, XT2BYPASS =0,

450
fxr2HF0 = 6 MHZ, C ¢t = 15 pF
XT2DRIVEXx =1, XT2BYPASS =0, 320
OA Oscillation aélowance for fxramF =12 MHz, C e = 15 pF a
HF HF crystals®) XT2DRIVEX =2, XT2BYPASS =0, 200
fxr2HF2 =20 MHz, C| o =15 pF
XT2DRIVEXx = 3, XT2BYPASS =0, 200
fXT2,HF3 = 32 MHz, CL,ef‘f =15 pF
fosc =6 MHz,
XT2BYPASS = 0, XT2DRIVEXx = 0, 0.5
L Start. i TA = 25°C, CL,eff =15 pF 3v
art-up time ms
START,HF p fosc = 20 MHz
XT2BYPASS = 0, XT2DRIVEX = 2, 0.3
Ta =25°C, CL,eff =15 pF
Integrated effective load
Cef capacitance, HF mode® M 1 pF
Duty cycle Measured at ACLK, fyrp pyp2 = 20 MHz 40% 50%  60%
frault HF Oscillator fault frequency” XT2BYPASS = 16 30 300 | kHz

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

(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, make sure 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 datasheet.

(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, TI recommends verifying the correct load by measuring the ACLK frequency. For a
correct setup, the effective load capacitance should always match the specification of the used crystal.

(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.
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5.17

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 Vee MIN TYP  MAX| UNIT
fuLo VLO frequency Measured at ACLK 1.8Vto3.6V 6 9.4 14| kHz
dfyo/dt VLO frequency temperature drift Measured at ACLK® 1.8Vto3.6V 0.5 %I/°C
dfy o/dVce VLO frequency supply voltage drift Measured at ACLK®@ 1.8Vto3.6V 4 %IV

Duty cycle Measured at ACLK 1.8Vto3.6V 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 Vt0 3.6 V)) / MIN(1.8 Vt0 3.6 V) / (3.6 V- 1.8 V)
5.18 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
IREFO REFO oscillator current consumption | Tp = 25°C 1.8Vt0o3.6V 3 HA
REFO frequency calibrated Measured at ACLK 18Vto3.6V 32768 Hz
frREFO ) Full temperature range 1.8Vt03.6V +3.5%
REFO absolute tolerance calibrated
Ta = 25°C 3V +1.5%
dfrero/dt REFO frequency temperature drift Measured at ACLK®) 18Vto3.6V 0.01 %I/°C
dfrero/dVee REFO frequency supply voltage drift | Measured at ACLK® 18Vto3.6V 1.0 %IV
Duty cycle Measured at ACLK 18Vto3.6V 40% 50%  60%
tsTART REFO start-up time 40%/60% duty cycle 18Vto3.6V 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 Vt0 3.6 V)) / MIN(1.8 Vt0 3.6 V) / (3.6 V- 1.8 V)
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5.19 DCO Frequency
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT
fbco(,0) DCO frequency (0, 0)® DCORSELXx = 0, DCOXx = 0, MODx = 0 0.07 0.20| MHz
foco,31) DCO frequency (0, 31)® DCORSELx = 0, DCOx = 31, MODx = 0 0.70 1.70| MHz
foco(,0) DCO frequency (1, 0)® DCORSELXx = 1, DCOXx = 0, MODx = 0 0.15 0.36| MHz
foco(,31) DCO frequency (1, 31)® DCORSELXx = 1, DCOx = 31, MODx = 0 1.47 3.45| MHz
foco@,0) DCO frequency (2, 0)® DCORSELXx = 2, DCOx = 0, MODx = 0 0.32 0.75| MHz
foco@,a1) DCO frequency (2, 31)® DCORSELXx = 2, DCOx = 31, MODx = 0 3.17 7.38| MHz
foco(,0) DCO frequency (3, 0)® DCORSELXx = 3, DCOx = 0, MODx = 0 0.64 1.51| MHz
foco@,an) DCO frequency (3, 31)® DCORSELXx = 3, DCOx = 31, MODx = 0 6.07 14.0| MHz
foco(,0) DCO frequency (4, 0)® DCORSELXx = 4, DCOXx = 0, MODx = 0 1.3 3.2| MHz
foco,a1) DCO frequency (4, 31)® DCORSELXx = 4, DCOx = 31, MODx = 0 12.3 28.2| MHz
foco(s,0) DCO frequency (5, 0)® DCORSELXx = 5, DCOXx = 0, MODx = 0 25 6.0| MHz
focos,a1) DCO frequency (5, 31)® DCORSELx = 5, DCOx = 31, MODx = 0 23.7 54.1| MHz
foco(s,0) DCO frequency (6, 0)® DCORSELXx = 6, DCOx = 0, MODx = 0 4.6 10.7| MHz
focos,a1) DCO frequency (6, 31)Y DCORSELXx = 6, DCOx = 31, MODx = 0 39.0 88.0| MHz
foco(7,0) DCO frequency (7, 0)® DCORSELXx = 7, DCOx = 0, MODx = 0 8.5 19.6| MHz
foco,31) DCO frequency (7, 31)® DCORSELXx = 7, DCOx = 31, MODx = 0 60 135| MHz
SbcoRrsEL ErgguRegEyL ?‘;r?cri] lk))?:t\g(;esnErLarlgle SrskeL = focopcorseL+1,bco)focopcorseL,bco) 12 23| ratio
Sbco Erggugrr]lgstct%J f itween tap Sbco = focopcorseL bco+1y/fococorsEL beo) 1.02 1.12| ratio
Duty cycle Measured at SMCLK 40% 50%  60%
dfpco/dT lIj)r(i%to(z)frequency temperature foco = 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 (DCORSELX), the target DCO frequency, fpco, should be set to reside within the
range of fpcon, 0),max = foco < focon, 31),min: Where foconm, 0),max represents the maximum frequency specified for the DCO frequency,

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

(DCOx = 31). This ensures that the target DCO frequency resides within the range selected. It should also be noted that if the actual
foco frequency for the selected range causes the FLL or the application to select tap O 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 V10 3.6 V)) / MIN(1.8 V0 3.6 V) / (3.6 V- 1.8 V)

Typical DCO Frequency, V.. =3.0V,T, =25°C
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Figure 5-10. Typical DCO frequency
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5.20 PMM, Brown-Out Reset (BOR)
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
BORy on voltage,
V(DV¢e BOR_IT-) DV falling level | dDVeeld; | < 3 Vis 145 V
BORy, off voltage,
V(DV¢e_BOR_ITH) DV rising level | dDV¢e/dy | < 3 Vis 0.80 1.30 150 V
V(DVcc_BOR_hys) BORy hysteresis 60 250 mVv
Pulse duration required at
tRESET RST/NMI pin to accept a 2 us
reset
5.21 PMM, Core Voltage
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX'| UNIT
Core voltage, active mode,
Vcores(AM) PMMCOREYV = 3 24V <DVcc<36V 1.90 \Y
Core voltage, active mode,
Vcorea(AM) PMMCOREV a 22V <DVec <36V 1.80 v
Core voltage, active mode,
Vcore1(AM) PMMCOR%V -1 20V<DVcc<36V 1.60 \Y
Core voltage, active mode,
Vcoreo(AM) PMMCOREV 2% 1.8V <DVec <36V 1.40 v
Core voltage, low-current mode,
Vcores(LPM) PMMCOR%V g 24V <DVcc<36V 1.94 \Y
Core voltage, low-current mode,
Vcorea(LPM) PMMCOREV o 22V <DVec <36V 1.84 v
Core voltage, low-current mode,
Vcore1(LPM) PMMCOR%V -1 20V<DVcc<36V 1.64 \Y
Core voltage, low-current mode,
Vcoreo(LPM) PMMCOREV =0 1.8V <DVec <36V 1.44 v
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5.22 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 .
n
I(svsh) SVS current consumption | SVSHE = 1, DVcc = 3.6 V, SVSHFP =0 200
SVSHE = 1, DVe = 3.6 V, SVSHFP = 1 15 HA
SVSHE =1, SVSHRVL =0 1.57 1.68 1.78
1 SVSHE =1, SVSHRVL =1 1.79 1.88 1.98
V(svsH Ty  SVSy on voltage level® \Y
- SVSHE =1, SVSHRVL =2 1.98 2.08 2.21
SVSHE =1, SVSHRVL =3 2.10 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
1 SVSHE =1, SVSMHRRL =3 2.20 2.30 2.42
Visvst Ty  SVSy off voltage level®) \Y
- 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, dVDVCC/dt =10 mV/HS, 25
; svs tion del SVSHFP =1 :
ropagation dela s
PA(SVSH) H Propag Y I'SVSHE = 1, dVpyeo/dt = 1 mVijs, 20 "
SVSHFP = 0
SVSHE =0 —1
t svs ff delay time | =1 -
on or off delay time s
GvsH) H Y SVSHE=0—1 100 "
SVSHFP = 0
dVpycc/dt DVCC rise time 0 1000| VIs

(1) The SVSy settings available depend on the VCORE (PMMCOREVX) setting. See the Power Management Module and Supply Voltage
Supervisor chapter in the MSP430x5xx and MSP430x6xx Family User's Guide (SLAU208) on recommended settings and use.
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5.23 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 = 3.6 V 0 A

l(svMH) SVMy current consumption SVMHE =1, DV¢c = 3.6 V, SYMHFP =0 200
SVMHE =1, DVc = 3.6 V, SYMHFP = 1 1.5 A
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 = 3 220 230 242

V(svMH) SVMy on or off voltage level™® SVMHE = 1, SVSMHRRL = 4 232 240 255 V
SVMHE =1, SVSMHRRL =5 2.52 2.70 2.88
SVMHE =1, SVSMHRRL = 6 290 310 3.23
SVMHE =1, SVSMHRRL =7 2.90 3.10 3.23
SVMHE =1, SVMHOVPE =1 3.75
SVMHE = 1, dVpycc/dt = 10 mV/ps, 25

_ SVMHFP =1

tod(svMH) SVMy propagation delay SVMHE = 1, dVpyeo/dt = 1 mVips, " us
SVMHFP =0

tsvmH) SVM on or off delay time SVMHE =0 — 1, SYMHFP = 1 125 us
SVMHE =0 — 1, SVMHFP =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 MSP430x5xx and MSP430x6xx Family User's Guide (SLAU208) on recommended settings and use.

5.24 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
IisvsL) SVS, current consumption SVSLE =1, PMMCOREYV = 2, SVSLFP =0 200
SVSLE =1, PMMCOREV =2, SVSLFP =1 2.0 HA
SVSLE =1, dVcprg/dt = 10 mV/ps, 25
_ SVSLFP =1
tpd(svst) SVS, propagation delay SVSLE = 1, dVeorg/dt = 1 mV/pss, i us
SVSLFP =0
tsvsL) SVS, on or off delay time SVSLE=0—1, SVSLFP =1 125 us
SVSLE=0— 1, SVSLFP =0 100
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5.25 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, PMMCOREV = 2 0 A
l(svmL) SVM_ current consumption SVMLE =1, PMMCOREYV =2, SVMLFP =0 200

SVMLE = 1, PMMCOREV = 2, SVMLFP =1 15 HA
. SVMLE = 1, dVcogre/dt = 10 mV/ps, SVMLFP = 1 25

tpd(svmL) SVM, propagation delay us
SVMLE = 1, dVcogre/dt = 1 mV/us, SVMLFP =0 20

tsvmL) SVM, on or off delay time SVMLE =0 = 1, SYMLFP =1 125 us
SVMLE =0 — 1, SVMLFP =0 100

5.26 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

twake.up.  Wake-up time from LPM2, LPM3, or P'\f]MCOR_EV =SVSMLRRL =n | fucik 2 4.0 MHz 5

LPM4 to active mode® (where n =0, 1, 2, or 3), HS
FAST SVSLFP =1 fMCLK < 4.0 MHz 6
twake-up-  Wake-up time from LPM2, LPM3 or PMMCOREV = SVSMLRRL =n 150 165 s
sLow LPM4 to active mode @ (wheren=0, 1, 2, or 3), SVSLFP = 0 H
twake-up-  Wake-up time from LPM4.5 to active
LPM5 mode ®) 2 3| ms
twake-up-  Wake-up time from RST or BOR event to P 3l ms
RESET active mode ©®

(1) This value represents the time from the wake-up event to the first active edge of MCLK. The wake-up time depends on the performance
mode of the low-side supervisor (SVS,) and low-side monitor (SVM,). Fastest wake-up times are possible with SVS, and SVM, in full
performance mode or disabled when operating in AM, LPMO, and LPM1. Various options are available for SVS,and SVM_ while
operating in LPM2, LPM3, and LPM4. See the Power Management Module and Supply Voltage Supervisor chapter in the MSP430x5xx
and MSP430x6xx Family User's Guide (SLAU208).

(2) This value represents the time from the 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,). In this case, the SVS, and SVM, are in normal mode (low current)
mode when operating in AM, LPMO, and LPM1. Various options are available for SVS, and SVM, while operating in LPM2, LPM3, and
LPM4. See the Power Management Module and Supply Voltage Supervisor chapter in the MSP430x5xx and MSP430x6xx Family User's
Guide (SLAU208).

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

5.27 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, ACLK
fra Timer_A input clock frequency External: TACLK 18V,3V 25| MHz
Duty cycle = 50% + 10%
All capture inputs,
tTA cap Timer_A capture timing Minimum pulse duration required for 18V,3V 20 ns
capture.
5.28 Timer_B
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
PARAMETER TEST CONDITIONS Vce MIN MAX | UNIT
Internal: SMCLK, ACLK
fre Timer_B input clock frequency External: TBCLK 1.8V,3V 25| MHz
Duty cycle = 50% * 10%
) o All capture inputs, Minimum pulse
trB,cap Timer_B capture timing duration required for capture 18V,3V 20 ns
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5.29 USCI (UART Mode) Recommended Operating Conditions

PARAMETER CONDITIONS Vce MIN MAX | UNIT
Internal: SMCLK, ACLK
fuscl USCI input clock frequency External: UCLK fsystem | MHz
Duty cycle = 50% = 10%
f BITCLK clock frequency 1| MHz
BITCLK (equals baud rate in MBaud)
5.30 USCI (UART Mode)
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
PARAMETER TEST CONDITIONS Vce MIN MAX | UNIT
. g 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.

5.31 USCI (SPI Master Mode) Recommended Operating Conditions

PARAMETER

CONDITIONS

Vee MIN  MAX| UNIT

fusci USCI input clock frequency

Internal: SMCLK, ACLK
Duty cycle = 50% + 10%

fsystem | MHz

5.32 USCI (SPI Master Mode)

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

(see Note ™, Figure 5-11 and Figure 5-12)

PARAMETER TEST CONDITIONS Vce MIN TYP MAX | UNIT
; SMCLK, ACLK
fusci USCI input clock frequency Duty cycle = 50% + 10% fsystem | MHz
1.8V 55
PMMCOREV =0
t SOMI i t dat: tup ti 3V 38
input data setup time ns
SUMI p p oav 30
PMMCOREYV =3
3V 25
1.8V 0
PMMCOREV =0
! SOMI input data hold ti 3V 0
input data hold time ns
HD,MI p oav 0
PMMCOREYV =3
3V 0
UCLK edge to SIMO valid, 18V 20
Cy = 20 pF, PMMCOREYV = 0 3V 18
tvaomo  SIMO output data valid time @ ns
UCLK edge to SIMO valid, 24V 16
C = 20 pF, PMMCOREYV = 3 3V 15
1.8V -10
C_ =20 pF, PMMCOREV =0 3V s
t SIMO output data hold time ) — ns
HD,MO p oav _10
C_ =20 pF, PMMCOREV =3
3V -8

(1) fucxerk = L2t oy With t o 2 max(tyaLip,mo(uscr) + tsu,si(siave) tsumiuscr + tvaLID,SO(Slave))-
For the slave parameters tsy si(siave) @Nd tyaLip,so(slave), S€€ the SPI parameters of the attached slave.
(2) Specifies the time to drive the next valid data to the SIMO output after the output changing UCLK clock edge. See the timing diagrams

in Figure 5-11 and Figure 5-12.

(3) Specifies how long data on the SIMO output is valid after the output changing UCLK clock edge. Negative values indicate that the data
on the SIMO output can become invalid before the output changing clock edge observed on UCLK. See the timing diagrams in Figure 5-

11 and Figure 5-12.
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Figure 5-11. SPI Master Mode, CKPH =0
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Figure 5-12. SPI Master Mode, CKPH =1
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5.33 USCI (SPI Slave Mode)

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
(see Note @, Figure 5-13 and Figure 5-14)

PARAMETER TEST CONDITIONS Vee MIN  TYP MAX| UNIT
1.8V 11
PMMCOREV =0
) 3V 8
tsTE LEAD STE lead time, STE low to clock 24y - ns
PMMCOREV = 3 :
3V 6
18V 3
PMMCOREV =0
) ) 3V 3
tsTE LAG STE lag time, Last clock to STE high 24y 3 ns
PMMCOREV = 3 :
3V 3
18V 66
PMMCOREV =0
) 3V 50
tsTE ACC STE access time, STE low to SOMI data out 24y 6 ns
PMMCOREV = 3 :
3V 30
18V 30
PMMCOREV =0
‘ STE disable time, STE high to SOMI high 3v 23 ns
STEDIS impedance 24V 16
PMMCOREV =3
3V 13
1.8V 5
PMMCOREV =0
) ) 3V 5
tsu,si SIMO input data setup time 24V 2 ns
PMMCOREV = 3 :
3V 2
1.8V 5
PMMCOREV =0
. . 3V 5
thp,si SIMO input data hold time 24y 5 ns
PMMCOREV = 3 :
3V 5
UCLK edge to SOMI valid, 18V 76
C_ =20 pF,

o PMMCOREV =0 3v 60
tvaupso  SOMI output data valid time @ . ns
' UCLK edge to SOMI valid, 2.4V 44

C. = 20 pF,
PMMCOREV = 3 3V 40
C_ = 20 pF, 18V 18
PMMCOREV =0 3V 12
thp 50 SOMI output data hold time ©) ns
C_ =20 pF, 24V 10
PMMCOREV = 3 3V 8

(1) fucxerk = L2t oy With t o 2 max(tyaLip,moMaster) * tsu,siuscl)y tsu,MiMaster) *+ tvaLip,souscr)-
For the master parameters tsy mimaster) @Nd tyaLip,Mo(master): S€€ the SPI parameters of the attached slave.

(2) Specifies the time to drive the next valid data to the SOMI output after the output changing UCLK clock edge. See the timing diagrams
in Figure 5-11 and Figure 5-12.

(3) Specifies how long data on the SOMI output is valid after the output changing UCLK clock edge. See the timing diagrams in Figure 5-11
and Figure 5-12.
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Figure 5-13. SPI Slave Mode, CKPH =0
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5.34 USCI (I>’C Mode)
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted) (see Figure 5-15)

PARAMETER TEST CONDITIONS Vce MIN TYP MAX | UNIT
Internal: SMCLK, ACLK
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
tupsta Hold time (repeated) START 22V,3V ps
' fSCL > 100 kHz 0.6
i fscL < 100 kHz 4.7
tsusta  Setup time for a repeated START 22V,3V ps
' fSCL > 100 kHz 0.6
typpar  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 ps
' 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
I<_’I_ tHD.STA tSU.STA HD STA BUF
I | I
SDA \ | / X )C | \ | A
| | f— | | |
I

k_ tLOW _’i‘-tHIGH-> | | t | |
I | | AR
h 4 k : 4| \ ﬂﬂ\—/ﬂ_\-

I4—P|— tsu,nAT tsu,sm—H—f’
tHD,DATH

Figure 5-15. I°C Mode Timing
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5.35 10-Bit ADC, Power Supply and Input Range Conditions
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)®

PARAMETER TEST CONDITIONS Vce MIN TYP  MAX| UNIT
AVcc and DV are connected together,
AVce Analog supply voltage AVgsg and DVgg are connected together, 1.8 3.6 \%
V(avss) = Vipvss) =0V
. 2 | All ADC10_A pins: P1.0 to P1.5 and P3.6 and P3.7
Viax) Analog input voltage range terminals 0 AVce Y
Operating supply current into | fapciocLk = 5 MHz, ADC100N = 1, REFON = 0, 22V 60 100
AVCC terminal, REF module | SHTO =0, SHT1 =0, ADC10DIV =0, ADC10SREF
and reference buffer off =00 3V 7% 110
Operating supply current into | fapciocLk = 5 MHz, ADC100N = 1, REFON = 1,
AVCC terminal, REF module | SHTO =0, SHT1 =0, ADC10DIV =0, ADC10SREF 3V 113 150
on, reference buffer on =01
lapc10_A - - HA
- Operating supply current into | fapciocLk = 5 MHz, ADC100N = 1, REFON = 0,
AVCC terminal, REF module | SHTO =0, SHT1 =0, ADC10DIV =0, ADC10SREF 3V 105 140
off, reference buffer on =10, VEREF =25V
Operating supply current into | fapciocLk = 5 MHz, ADC100N = 1, REFON = 0,
AVCC terminal, REF module | SHTO =0, SHT1 =0, ADC10DIV =0, ADC10SREF 3V 70 110
off, reference buffer off =11, VEREF =25V
Only one terminal Ax can be selected at one time
C Input capacitance from the pad to the ADC10_A capacitor array 22V 35 pF
including wiring and pad.
AVce > 2.0V,0V SV <AV 36
R Input MUX ON resistance e Ax e kQ
1.8V < AVee < 2.0V, 0V £V £ AVee 96

(1) The leakage current is defined in the leakage current table with P6.x/Ax parameter.

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

5.36 10-Bit ADC, Timing Parameters
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Vce MIN TYP  MAX| UNIT
For specified performance of ADC10_A linearity
fADClOCLK parameters 22V,3V 0.45 5 55| MHz
Internal ADC10_A
fADClOOSC oscillator(l) - ADC10DIV = 0, fADClOCLK = fADClOOSC 2.2 V, 3V 4.2 4.8 5.4 MHz
REFON = 0, Internal oscillator, 12 ADC10CLK
cycles, 10-bit mode 22V,3V 2.4 3.0
tconvert  Conversion time fapci0osc = 4 MHz to 5 MHz us
External fapciocLk from ACLK, MCLK or SMCLK, @
ADCI10SSEL #0
Turn on settling time of
tADCI00N  the ADC 9 See @ 100| ns
o Rs = 1000 Q, R, = 96 kQ, C, = 3.5 pF®¥ 1.8V 3
tsample Sampling time 7 us
Rs = 1000 Q, R, = 36 kQ, C, = 3.5 pF®¥ 3V

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

(2) 12 x ADC10DIV x 1/fADC10CLK

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

(4) Approximately eight Tau (1) are required for an error of less than +0.5 LSB
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5.37 10-Bit ADC, Linearity Parameters
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Vce MIN TYP MAX | UNIT
E Integral 1.4V < (Verer+ — Verer-) £ 1.6 V, Cyerer+ = 20 pF 22V 3V $1.0 LsB
I linearity error 1.6 V < (Verer+ — Verer-) < Vavee: Cverer+ = 20 pF - $1.0
Differential

o inearity error 1.4V € (Verers — Verer.), Cverers = 20 pF 22V,3V +1.0| LSB
1.4V = (Verer+ — Verer-), Cverer+ = 20 pF,

Eo Offset error Internal impedance of source Rg < 100 Q 22V,3V 10| LSB
; 1.4 V < (Verer+ — Verer-)s Cverer+ = 20 pF,

Eg Gain error ADC10SREFX = 11b 22V,3V +1.0| LSB
Total Unadjusted 14V < (VEREF+ - VeREF—)r CVEREF+ =20 pF,

BT emor ADC10SREFx = 11b 22V, 3V 1.0 220/ LSB

5.38 REF, External Reference
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)®

PARAMETER TEST CONDITIONS Vee MIN TYP  MAX| UNIT
Positive external reference
VeRrEF+ voltage input Verers > Verer- @ 14 AVce| V
Negative external o)
Verer- reference voltage input Verer+ > VeRrer- 0 12} v
(Verer+ — Differential external 4
Verer-) reference voltage input Verer+ > Verer- 1.4 AVec| vV
1.4V < Verer+ = Vavce ) Verer- =0V,
fapciocLk = 5 MHz, ADC10SHTx = 0x0001, 22V,3V +85 126
I . Conversion rate 200 ksps
VeREF+ Static input current HA
|VeREF— 1.4V < VeREF+ < VAVCC y VeREF— =0 V,
fapciocLk = 5 MHZ, ADC10SHTX = 0x1000, 22V,3V +1
Conversion rate 20 ksps
Capacitance at VeREF+ )
Crerer+- or VeREF- terminal 10 HF

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

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

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

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

(5) Two decoupling capacitors, 10 uF and 100 nF, should be connected to VeREF to decouple the dynamic current required for an external
reference source if it is used for the ADC10_A. Also see the MSP430x5xx and MSP430x6xx Family User's Guide (SLAU208).
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5.39 REF, Built-In Reference
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)®

PARAMETER TEST CONDITIONS Vce MIN TYP MAX | UNIT
REFVSEL = {2} for 2.5 V, REFON = 1 3V 251 +1.5%
VRers ngggl;vee built-in reference [ orrv/sE| = ¢1) for 2.0 V, REFON = 1 3V 199 #15%| V
REFVSEL = {0} for 1.5 V, REFON = 1 22V,3V 15 +1.5%
AVCC minimum voltage, REFVSEL = {0} for 1.5 V 1.8
AVec(min Po_sitive built-in reference REFVSEL = {1} for 2.0 V 2.2 \%
active REFVSEL = {2} for 2.5 V 2.7
fapciocLk = 5.0 MHz,
REFON = 1, REFBURST =0, 3V 18 24
REFVSEL = {2} for 2.5 V
; fapciocLk = 5.0 MHz,
- afoef\t/'g%st‘;‘r’r’;’]'ﬁ’] ;ﬁge"t REFON = 1, REFBURST = 0, 3V 155 21| pA
REFVSEL = {1} for 2.0 V
fapciocLk = 5.0 MHz,
REFON = 1, REFBURST =0, 3V 13.5 21
REFVSEL = {0} for 1.5 V
Temperature coefficient of | lyrgr+ = 0 A, ppm/
TCrer+ built-in reference® REFVSEL ={0, 1, 2}, REFON = 1 30 501 Toc
| Operating supply current REFON = 0, INCH = 0Ah, 22V 20 22 A
SENSOR into AVCC terminal® ADCI100N = NJ/A, T, = 30°C 3V 20 2| M
®) . 2.2V 770
VsSeEnsSOR See ADC100N =1, INCH = 0Ah, Ta =30°C 3V 770 mV
» ADC100N = 1. INCH = 0Bh 22V 1.06 1.1 1.14
Y, AVCC divider at channel 11 . ! . \%
MID Vuip is approximately 0.5 x Vaycce 3V 1.46 1.5 1.54
t Sample time required if ADC100N = 1, INCH = 0Ah, 30 s
SENSOR(sample)  channel 10 is selected ® Error of conversion result < 1 LSB H
t Sample time required if ADC100N =1, INCH = 0Bh, 1 s
VMID(sample) channel 11 is selected " Error of conversion result < 1 LSB H
P . | AVee = AVee (min) — AVec(max)
PSRR_DC I(:;%\;ver supply rejection ratio T, 2 25°C, 120 vy
REFVSEL = {0, 1, 2}, REFON =1
P . | AVee = AVee (min) — AVec(max),
PSRR_AC '(Z%‘Sver supply rejection ratio | + "2 50 £21 kiz, AVpp = 100 mV, 6.4 mv/Iiv
REFVSEL = {0, 1, 2}, REFON =1
t Settling time of reference AVce = AVee (min) — AVecmax) 75 s
SETTLE voltage ® REFVSEL = {0, 1, 2}, REFON = 0 — 1 H

(1) The leakage current is defined in the leakage current table with P6.x/Ax parameter.

(2) The internal reference current is supplied from terminal AVCC. Consumption is independent of the ADC100N control bit, unless a
conversion is active. The REFON bit enables to settle the built-in reference before starting an A/D conversion.
(3) 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)).
(4) The sensor current Isensor IS consumed if (ADC100N = 1 and REFON = 1) or (ADC100N = 1 and INCH = 0Ah and sample signal is
high). When REFON = 1, Isgnsor IS already included in Igggs-
(5) The temperature sensor offset can be as much as £20°C. Tl recommends a single-point calibration to minimize the offset error of the
built-in temperature sensor.
(6) The typical equivalent impedance of the sensor is 51 kQ. The sample time required includes the sensor on-time tsensor(on)-
(7) The on-time tymip(en) iS included in the sampling time tymipsample); NO additional on time is needed.

(8) The condition is that the error in a conversion started after treroy is less than +0.5 LSB.
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5.40 Comparator B
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
PARAMETER TEST CONDITIONS Vce MIN TYP MAX | UNIT
Ve Supply voltage 1.8 3.6 Y,
1.8V 40
CBPWRMD = 00, CBON = 1, CBRSx =00 | 22V 30 50
Comparator operating
lavee co supply current into AVCC, 3V 40 65 LA
AV MP
- Excludes reference CBPWRMD = 01, CBON = 1, CBRSx =00 | 22V 10 17
resistor ladder 3V
CBPWRMD =10, CBON =1, CBRSx = 00 2é2\>/, 0.1 0.5
Quiescent current of CBREFACC = 1, CBREFLx = 01, 2.2 V, 10 17
| resistor ladder into AvCC, | CBRSx =10, REFON = 0, CBON =0 3V HA
AVCC_REF Includes REF module CBREFACC = 0, CBREFLx = 01, 22V, .
current CBRSx = 10, REFON = 0, CBON = 0 3V
Common mode input
Vic range 0 Vec-1| VvV
v | t offset volt CBPWRMD = 00 +20 v
nput offset voltage m
OFFSET P 9 CBPWRMD = 01, 10 +10
Cin Input capacitance pF
o ) ON - switch closed 4 kQ
Rsin Series input resistance -
OFF - switch opened 50 MQ
CBPWRMD =00, CBF =0 450
Propagation delay, _ _ ns
tpp response time CBPWRMD =01, CBF =0 600
CBPWRMD =10, CBF =0 50 us
CBPWRMD =00, CBON =1, CBF =1,
CBFDLY =00 0.35 0.6 10
. . CBPWRM_D =00,CBON =1, CBF =1, 0.6 1.0 1.8
o Propagation delay with CBFDLY =01 s
P fiter filter active CBPWRMD = 00, CBON = 1, CBF = 1, 10 18 24
CBFDLY =10 ’ ’ ’
CBPWRMD =00, CBON =1, CBF =1,
CBEDLY = 11 1.8 3.4 6.5
CBON=0toCBON =1 1 2
‘ c ‘ ble i CBPWRMD = 00, 01
omparator enable time s
EN_CMP P CBON =0 to CBON = 1 15 "
CBPWRMD =10 ’
ten Rer :i?r(;?stor reference enable CBON = 0 to CBON = 1 1 15 us
Reference voltage for a VIN = reference into resistor ladder, VIN x VIN x VIN x
Vee_rer given tap n=0to 31 (n+0/.352) (n7312) (n+1/.§2) v
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5.41 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
Vo High-level output voltage \S/ngFTgi}?é \éii%?g/;]t;g:éazl ;ﬁzrgﬁ\éristics 24 v
Vou Low-level output voltage \S/EZBFTQ?J}:Z \éJ:SLGl foct))/rot)lg:_c; ii;:aAéteristics 04 v
ViH High-level input voltage \S/ngFTgilr?(’e \E/>11-81 ?(j/rotypical characteristics 20 v
Vi Low-level input voltage \S/EZBFTQ?J}:Z \é-J:SLE;L?s/rOtypical characteristics 08 v
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