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MSP430F2132-EP Mixed Signal Microcontroller
1 Features + Serial Onboard Programming, No External

e Low Supply Voltage Range: 1.8 Vto 3.6 V
» Ultra-Low Power Consumption
— Active Mode: 250 pA at 1 MHz, 2.2V
— Standby Mode: 0.7 pA
— Off Mode (RAM Retention): 0.1 pA

» Ultra-Fast Wake-Up From Standby Mode in Less
Than 1 ps

» 16-Bit RISC Architecture, 62.5-ns Instruction
Cycle Time

» Basic Clock Module Configurations

— Internal Frequencies up to 16 MHz With Four
Calibrated Frequencies to +1%

— Internal Very-Low-Power Low-Frequency
Oscillator

— 32-kHz Crystal @

— High-Frequency (HF) Crystal up to 16 MHz
— Resonator

— External Digital Clock Source

— External Resistor

e 16-Bit Timer0_A3 With Three Capture/Compare
Registers

e 16-Bit Timerl_A2 With Two Capture/Compare
Registers

*  On-Chip Comparator for Analog Signal Compare
Function or Slope Analog-to-Digital (A/D)
Conversion

» 10-Bit 200-ksps A/D Converter With Internal
Reference, Sample-and-Hold, Autoscan, and Data
Transfer Controller

* Universal Serial Communication Interface

— Enhanced UART Supporting Auto-Baudrate
Detection (LIN)

— IrDA Encoder and Decoder
— Synchronous SPI
_ |2CTM
* Brownout Detector
(1) Crystal oscillator cannot be operated beyond 105°C.

Programming Voltage Needed, Programmable
Code Protection by Security Fuse

» Bootstrap Loader

e On-Chip Emulation Module

e 8KB + 256B Flash Memory

 512B RAM

* Available in a 32-Pin QFN (RHB) Package

» For Complete Module Descriptions, See the

MSP430x2xx Family User's Guide, Literature
Number SLAU144

2 Applications

» Controlled Baseline
» One Assembly and Test Site
* One Fabrication Site

e Available in Extended (—40°C to 125°C)
Temperature Range @

» Extended Product Life Cycle
» Extended Product-Change Notification
» Product Traceability

3 Description

The  MSP430F2132 is an ultra-low-power
microcontroller. The architecture, combined with five
low-power modes, is optimized to achieve extended
battery life in portable measurement applications. The
device features a powerful 16-bit RISC CPU, 16-bit
registers, and constant generators that contribute to
maximum code efficiency. The digitally controlled
oscillator (DCO) allows wake-up from low-power
modes to active mode in less than 1 pus.

The MSP430F2132 has two built-in 16-bit timers, a
fast 10-bit A/D converter with integrated reference
and a data transfer controller (DTC), a comparator,
built-in communication capability using the universal
serial communication interface, and up to 24 1/O pins.

(2) Custom temperature ranges available

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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3.1 Development Tool Support
All MSP430 microcontrollers include an Embedded Emulation Module (EEM) that allows advanced debugging
and programming through easy-to-use development tools. Recommended hardware options include:
» Debugging and Programming Interface
— MSP-FET430UIF (USB)
— MSP-FET430PIF (Parallel Port)
e Debugging and Programming Interface with Target Board
— MSP-FET430U28 (PW package)
e Production Programmer
— MSP-GANG430

3.2 Device Pinout, RHB Package

P1.7/TA0.2/TDO/TDI
P1.6/TA0.1/TDI/TCLK
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P3.6/TA1.0/A6
P3.7/TA1.1/A7

P3.0/UCBOSTE/UCAOCLK/A5
P3.1/UCBOSIMO/UCBOSDA >3
P3.2/UCBOSOMI/UCBOSCL

P3.3/UCBOCLK/UCAOSTE
P3.4/UCAO0TXD/UCAO0SIMO
P3.5/UCAORXD/UCAO0SOMI
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3.3 Functional Block Diagram

XIN XOUuT DVCC D/AVSS AVCC P1.x P2.x P3.x
i + ¢ ¢ ¢ 4t 8 P t 8
ACLK ¢ ¢ ¢
Port P1 Port P2 Port P3
Basic Clock ADC10
System+ | SMCLK Flash RAM 8 1/0 81/0 81/0
10 Bit Interrupt Interrupt
?&g ggg 8 Channels capability capability Pullup or
MCLK 2KB 256B Autoscan pullup or pullup or pulldown
DTC pulldown pulldown resistors
resistors resistors
16-MHz
CPU MAB
incl. 16
Registers MDB
Emulation
2BP USCI A0
Watchdog Timer0_A3 | | Timer1_A2| | UART, LIN,
Brownout WDT+ IrDA, SPI
JTAG Protection | | CO™P-A* 3ce 2¢cc
Interface 15-Bit Registers Registers USCI BO
SPI, I'C
Spy-Bi-Wire 4
|
RST/NMI Copyright © 2016, Texas Instruments Incorporated
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Functional Block Diagram (continued)

Terminal Functions

TERMINAL

NAME

NO.

I/O

DESCRIPTION

P1.0/TACLK/ADC10CLK/CAOUT

21

/10

General-purpose digital 1/0 pin
Timer0_A3, clock signal TACLK input
Timerl_A2, clock signal TACLK input
ADC10, conversion clock
Comparator_A+ output

P1.1/TA0.0/TA1.0

22

/10

General-purpose digital 1/0 pin
Timer0_A3, capture: CCIOA input, compare: OutO Output
Timerl_A2, capture: CCIOA input

P1.2/TA0.1

23

110

General-purpose digital 1/0 pin
Timer0_A3, capture: CCI1A input, compare: Outl Output

P1.3/TA0.2

24

11O

General-purpose digital 1/0 pin
Timer0_A3, capture: CCI2A input, compare: Out2 Output

P1.4/SMCLK/TCK

25

/10

General-purpose digital 1/0 pin
SMCLK signal output
Test Clock input for device programming and test

P1.5/TA0.0/TMS

26

/10

General-purpose digital 1/0 pin
Timer0_A3, compare: Out0 Output
JTAG test mode select, input terminal for device programming and test

P1.6/TA0.1/TDI/TCLK

27

/10

General-purpose digital 1/0 pin
Timer0_A3, compare: Outl Output
JTAG test data input or test clock input in programming an test

P1.7/TA0.2/TDO/TDI

28

/10

General-purpose digital 1/0 pin
Timer0_A3, compare: Out2 Output
JTAG test data output terminal or test data input in programming an test

P2.0/ACLK/A0/CA2

11O

General-purpose digital 1/0 pin
ACLK signal output

ADC10 analog input AO
Comparator_A+ input

P2.1/TAINCLK/SMCLK/A1/CA3

110

General-purpose digital 1/0 pin
SMCLK signal output

Timer0_A3, clock signal TACLK input
Timerl_A2, clock signal TACLK input
ADC10 analog input Al
Comparator_A+ input

P2.2/TA0.0/A2/CA4/CAOUT

/10

General-purpose digital 1/0 pin

Timer0_A3, capture: CCIOB input, compare: OutO Output
ADC10 analog input A2

Comparator_A+ input

Comparator_A+ output

PZ.3/TAO.1/A3/VRE|:_/VERE|:_/CAO

18

110

General-purpose digital 1/0 pin
Timer0_A3, compare: Outl Output
ADC10 analog input A3 / negative reference

Comparator_A+ input

4 Submit Documentation Feedback
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Functional Block Diagram (continued)

Terminal Functions (continued)

TERMINAL
le} DESCRIPTION
NAME NO.
General-purpose digital 1/0 pin
Timer0_A3, compare: Out2 Output
P24/TAO2/A4/VREF+/V8REF+/CA1 19 1/0 i .
ADC10 analog input A4 / positive reference
Comparator_A+ input
Input terminal of crystal oscillator
XIN/P2.6/CA6 3 1/0 General-purpose digital 1/0 pin
Comparator_A+ input
Output terminal of crystal oscillator
XOUT/P2.7/CA7 2 1/0 General-purpose digital 1/0 pin
Comparator_A+ input
General-purpose digital 1/0 pin
P3.0/UCBOSTE/UCAOCLK/A5 9 1/0 USCI_BO slave transmit enable/USCI_AO clock input/output
ADC10 analog input A5
General-purpose digital 1/0 pin
P3.1/UCBOSIMO/UCBOSDA 10 110 )
USCI_BO slave in/master out (SPI mode), SDA I12C data (12C mode)
General-purpose digital 1/0 pin
P3.2/UCBOSOMI/UCBOSCL 11 110 .
USCI_BO slave out/master in (SPI mode), SCL 12C clock (12C mode)
General-purpose digital 1/0
P3.3/UCBOCLK/UCAOSTE 12 110 . )
USCI_BO clock input/output, USCI_AO slave transmit enable
General-purpose digital 1/0 pin
P3.4/UCAOTXD/UCAOSIMO 13 I/0 | UsCI_AO transmit data output in UART mode, slave data in/master out in
SPI mode
General-purpose digital 1/0 pin
P3.5/UCAORXD/UCAOSOMI 14 /0 | UsCI_AO receive data input (UART mode), slave data out/master in
(SPI mode)
General-purpose digital 1/0 pin
P3.6/TA1.0/A6 15 1/0 Timerl_A2, capture: CCIOB input, compare: OutO Output
ADC10 analog input A6
General-purpose digital 1/0 pin
P3.7/TAL1.1/A7 16 1/0 Timerl_A2, capture: CCI1A input, compare: Outl Output
ADC10 analog input A7
_ Reset or nonmaskable interrupt input
RST/NMI/SBWTDIO 5 | o ) ) )
Spy-Bi-Wire test data input/output during programming and test
TEST/SBWTCK 29 | Selects test mode for JTAG pins on Port 1. The device protection fuse is
connected to TEST.
General-purpose digital 1/0 pin
P2.5/Rpsc/CAS 32 1/0 Input for external resistor defining the DCO nominal frequency
Comparator_A+ input
DVce 30 Digital supply voltage
DVss 1 Digital supply voltage
4,17, 20, : ’ .
NC 31 Not connected internally. Connection to Vsg is recommended.
QFN Pad Pad QFN package pad (RHB, RTV packages). Connection to DVgg is
recommended.

Copyright © 2013, Texas Instruments Incorporated
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4 Short-Form Description

41 CPU

The MSP430F2132 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.

Peripherals are connected to the CPU using data, address, and control buses and can be handled with all
instructions.
4.2 Instruction Set

The instruction set consists of 51 instructions with three formats and seven address modes. Each instruction can
operate on word and byte data. Table 1 shows examples of the three types of instruction formats; Table 2 shows
the address modes.

Program Counter | PC/RO
Stack Pointer | SP/R1
Status Register | SRICG1/R2
Constant Generator | CG2/R3

General-Purpose Register R4
General-Purpose Register R5
General-Purpose Register R6
General-Purpose Register R7
R8
General-Purpose Register R9

| General-Purpose Register

General-Purpose Register | R10

General-Purpose Register R11
General-Purpose Register R12
General-Purpose Register R13
General-Purpose Register R14
General-Purpose Register R15

Table 1. Instruction Word Formats

INSTRUCTION FORMAT EXAMPLE OPERATION
Dual operands, source-destination ADD R4,R5 R4+ R5 - R5
Single operands, destination only CALL R8 PC — (TOS), R8 — PC
Relative jump, unconditional or conditional JINE Jump-on-equal bit = 0
6 Submit Documentation Feedback Copyright © 2013, Texas Instruments Incorporated
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Table 2. Address Mode

Descriptions

ADDRESS MODE s® | p®@ SYNTAX EXAMPLE OPERATION
Register v v MOV Rs,Rd MOV R10,R11 R10 — R11
Indexed v v MOV X(Rn),Y(Rm) MOV 2(R5),6(R6) M(2+R5) — M(6+R6)
Symbolic (PC relative) v v MOV EDE,TONI M(EDE) — M(TONI)
Absolute v v MOV &MEM,&TCDAT M(MEM) — M(TCDAT)
Indirect v MOV @Rn,Y(Rm) MOV @R10,Tab(R6) M(R10) — M(Tab+R®6)

. . M(R10) — R11
Indirect autoincrement v MOV @Rn+,Rm MOV @R10+,R11 R10 + 2 — R10
Immediate v MOV #X,TONI MOV #45,TONI #45 — M(TONI)

(1) S =source
(2) D = destination
Copyright © 2013, Texas Instruments Incorporated Submit Documentation Feedback 7
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4.3 Operating Modes

The MSP430F2132 has one active mode and five software-selectable low-power modes of operation. An
interrupt event can wake up the device from any of the five low-power modes, service the request, and restore
back to the low-power mode on return from the interrupt program.

The following six operating modes can be configured by software:

Active mode (AM)

— All clocks are active.

Low-power mode 0 (LPMO)

— CPU is disabled.

— ACLK and SMCLK remain active. MCLK is disabled.
Low-power mode 1 (LPM1)

— CPU is disabled ACLK and SMCLK remain active. MCLK is disabled.

— DCO dc-generator is disabled if DCO not used in active mode.
Low-power mode 2 (LPM2)

— CPU is disabled.

— MCLK and SMCLK are disabled.

— DCO dc-generator remains enabled.
— ACLK remains active.

Low-power mode 3 (LPM3)

— CPU is disabled.

— MCLK and SMCLK are disabled.

— DCO dc-generator is disabled.

— ACLK remains active.

Low-power mode 4 (LPM4)

— CPU is disabled.

— ACLK is disabled.

— MCLK and SMCLK are disabled.

— DCO dc-generator is disabled.

— Crystal oscillator is stopped.

Submit Documentation Feedback
Product Folder Links: MSP430F2132-EP
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4.4 Interrupt Vector Addresses

The interrupt vectors and the power-up starting address are located in the address range of OxFFFF to OXFFCO.
The vector contains the 16-bit address of the appropriate interrupt handler instruction sequence.

If the reset vector (located at address OXFFFE) contains OXFFFF (for example, if flash is not programmed), the
CPU goes into LPM4 immediately after power up.

Table 3. Interrupt Vector Addresses

INTERRUPT SOURCE INTERRUPT FLAG SYSTEM INTERRUPT WORD ADDRESS PRIORITY
Power-up PORIFG
External reset RSTIFG
Watchdog WDTIFG Reset OxFFFE 31, highest
Flash key violation KEYV®
PC out of range®
NMI NMIIFG (Non)maskable
Oscillator fault OFIFG (Non)maskable OxFFFC 30
Flash memory access violation ACCVIFGWD®) (Non)maskable
Timerl_A2 TAL1CCRO CCIFG® Maskable OXFFFA 29
Timerl_A2 TALCCRI CCIFG, Maskable OXFFF8 28
- TALCTL TAIFGW®
Comparator_A+ CAIFG Maskable OxFFF6 27
Watchdog timer WDTIFG Maskable OxFFF4 26
Timer0_A3 TAOCCRO CCIFG® Maskable OXFFF2 25
TAOCCR1 CCIFG,
Timer0_A3 TAOCCR2 CCIFG, Maskable OxFFFO 24
TAOCTL TAIFGW®
USCI_AO0/USCI_BO receive
U;CI_BO IZE status Ugg(ﬁé)z)ég%’(s) Maskable OxFFEE 23
USCI_A0/USCI_BO transmit
USCI_I_BO 12C regeive/transmit Ugé:é\'p)—(rﬁég%@ Maskable OxFFEC 22
ADC10 ADC10IFG® Maskable OxFFEA 21
OXFFES8 20
I/0 port P2 (eight flags) P2IFG.0 to P2IFG.7(0™® Maskable OXFFE6 19
I/0 port P1 (eight flags) P1IFG.0 to P1IFG.7(0™® Maskable OXFFE4 18
OxFFE2 17
OxFFEO 16
See OXFFDE 15
See ® OXFFDC to OXFFCO 14 to 0, lowest

Multiple source flags

A reset is generated if the CPU tries to fetch instructions from within the module register memory address range (0x0000 to OxO1FF) or

from within unused address range.

(non)-maskable: the individual interrupt-enable bit can disable an interrupt event, but the general interrupt enable cannot.
Nonmaskable: neither the individual nor the general interrupt-enable bit will disable an interrupt event.
Interrupt flags are located in the module.

In SPI mode: UCBORXIFG. In 12C mode: UCALIFG, UCNACKIFG, ICSTTIFG, UCSTPIFG

In UART/SPI mode: UCBOTXIFG. In 12C mode: UCBORXIFG, UCBOTXIFG

This location is used as bootstrap loader security key (BSLSKEY).

A 0xAAS5 at this location disables the BSL completely.
A zero (0x0) disables the erasure of the flash if an invalid password is supplied.
The interrupt vectors at addresses OxFFDC to OxFFCO are not used in this device and can be used for regular program code if

necessary.

Copyright © 2013, Texas Instruments Incorporated

Product Folder Links: MSP430F2132-EP

Submit Documentation Feedback




13 TEXAS

MSP430F2132-EP INSTRUMENTS

SLAS913A —JULY 2013—-REVISED AUGUST 2013 www.ti.com

4.5 Special Function Registers

Most interrupt and module enable bits are collected into the lowest address space. Special function register bits
not allocated to a functional purpose are not physically present in the device. Simple software access is provided
with this arrangement.

Legend
w Bit can be read and written.
rw-0, 1 Bit can be read and written. It is Reset or Set by PUC.
rw-(0), (1) Bit can be read and written. It is Reset or Set by POR.
SFR bit is not present in device.
Table 4. Interrupt Enable 1
Address 7 6 5 4 3 2 1 0
00h | accvie | ~mie | | OFIE WDTIE
rw-0 rw-0 rw-0 rw-0
WDTIE Watchdog timer interrupt enable. Inactive if watchdog mode is selected. Active if watchdog timer is configured in interval
timer mode.
OFIE Oscillator fault interrupt enable
NMIIE (Non)maskable interrupt enable
ACCVIE Flash access violation interrupt enable
Table 5. Interrupt Enable 2
Address 7 6 5 4 3 2 1 0
01h | | | UCBOTXIE | UCBORXIE | UCAOTXIE | UCAORXIE
rw-0 rw-0 rw-0 rw-0
UCAORXIE USCI_AO receive-interrupt enable
UCAOTXIE USCI_AO transmit-interrupt enable
UCBORXIE USCI_BO receive-interrupt enable
UCBOTXIE USCI_BO transmit-interrupt enable
Table 6. Interrupt Flag Register 1
Address 7 6 5 4 3 2 1 0
02h | | NMIFG | RSTIFG | PORIFG | OFIFG | WDTIFG |
rw-0 rw-(0) rw-(1) rw-1 rw-(0)
WDTIFG Set on watchdog timer overflow (in watchdog mode) or security key violation.
Reset on V¢ power-up or a reset condition at RST/NMI pin in reset mode.
OFIFG Flag set on oscillator fault
RSTIFG External reset interrupt flag. Set on a reset condition at RST/NMI pin in reset mode. Reset on V¢ power up.
PORIFG Power-on reset interrupt flag. Set on V¢ power up.
NMIIFG Set via RST/NMI pin
Table 7. Interrupt Flag Register 2
Address 7 6 5 4 3 2 1 0
03h | | | UCBOTXIFG | UCBORXIFG | UCAOTXIFG | UCAORXIFG
rw-1 rw-0 rw-1 rw-0
UCAORXIFG USCI_AO receive-interrupt flag
UCAOTXIFG USCI_AO transmit-interrupt flag
UCBORXIFG USCI_BO receive-interrupt flag
UCBOTXIFG USCI_BO transmit-interrupt flag
10 Submit Documentation Feedback Copyright © 2013, Texas Instruments Incorporated
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4.6 Memory Organization

Table 8. Memory Organization

MSP430F2112 MSP430F2122 MSP430F2132
Memory Size 2 KB 4 KB 8 KB
Main: interrupt vector Flash | OxFFFF to OXFFCO OxFFFF to OXFFCO OXFFFF to OXFFCO
Main: code memory Flash | OxFFFF to 0xF800 OXFFFF to OxFO00 OxFFFF to OXEO0O0
Information memory Size 256 Byte 256 Byte 256 Byte
Flash | 0x10FFh to 0x1000 0x10FFh to 0x1000 0x10FFh to 0x1000
Boot memory Size 1KB 1KB 1KB
ROM | OxOFFF to 0x0C00 O0xOFFF to 0x0C00 O0XOFFF to 0x0C00
RAM Size 256 B 512 Byte 512 Byte
0x02FF to 0x0200 0x03FF to 0x0200 0x03FF to 0x0200
Peripherals 16-bit| Ox01FF to 0x0100 0x01FF to 0x0100 0x01FF to 0x0100
8-bit| OxO0O0FF to 0x0010 0x00FF to 0x0010 0x00FF to 0x0010
8-bit SFR| 0x000F to 0x0000 0x000F to 0x0000 0x000F to 0x0000

4.7 Bootstrap Loader (BSL)

The MSP430F2132 bootstrap loader (BSL) enables users to program the flash memory or RAM using a UART
serial interface. Access to the MSP430F2132 memory via the BSL is protected by user-defined password. For
complete description of the features of the BSL and its implementation, see the MSP430 Programming Via the
Bootstrap Loader User’'s Guide (SLAU319).

Table 9. BSL Function Pins

PW PACKAGE PINS
22-Pl1
10-P2.2

BSL FUNCTION
Data transmit

RHB, RTV PACKAGE PINS
22-P1.1
8-P2.2

Data receive

4.8 Flash Memory

The flash memory can be programmed via the JTAG port, the bootstrap loader, or in-system by the CPU. The
CPU can perform single-byte and single-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
64 bytes each. Each segment in main memory is 512 bytes in size.

» Segments 0 to n may be erased in one step, or each segment may be individually erased.
» Segments A to D can be erased individually, or as a group with segments 0 to n.
Segments A to D are also called information memory.

» Segment A contains calibration data. After reset, segment A is protected against programming and erasing. It
can be unlocked, but care should be taken not to erase this segment if the device-specific calibration data is

required.

Copyright © 2013, Texas Instruments Incorporated
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4.9 Peripherals

Peripherals are connected to the CPU through data, address, and control buses and can be handled using all
instructions. For complete module descriptions, see the MSP430x2xx Family User's Guide (SLAU144).

4.10 Oscillator and System Clock

The clock system is supported by the basic clock module that includes support for a 32768-Hz watch crystal
oscillator, an internal very-low-power low-frequency oscillator, an internal digitally-controlled oscillator (DCO), and
a high-frequency crystal oscillator. The basic clock module is designed to meet the requirements of both low
system cost and low power consumption. The internal DCO provides a fast turn-on clock source and stabilizes in
less than 1 ps. The basic clock module provides the following clock signals:

» Auxiliary clock (ACLK), sourced from a 32768-Hz watch crystal, a high-frequency crystal, or the internal very-
low-power LF oscillator.

* Main clock (MCLK), the system clock used by the CPU.
* Sub-Main clock (SMCLK), the sub-system clock used by the peripheral modules.

The DCO settings to calibrate the DCO output frequency are stored in the information memory segment A.

4.11 Calibration Data Stored in Information Memory Segment A
Calibration data is stored for both the DCO and for ADC10 organized in a tag-length-value (TLV) structure.

Table 10. Tags Used By the ADC Calibration Tags

NAME ADDRESS VALUE DESCRIPTION
TAG_DCO_30 0x10F6 0x01 DCO frequency calibration at Vcc = 3 V and T = 30°C at calibration
TAG_ADC10_1 0x10DA 0x08 ADC10_1 calibration tag
TAG_EMPTY - OxFE Identifier for empty memory areas

Table 11. Labels Used By the ADC Calibration Tags

LABEL CONDITION AT CALIBRATION / DESCRIPTION SIZE Ag,E’FRSEES%S
CAL_ADC_25T85 INCHx = 0x1010, REF2_5 = 1, T, = 85°C word 0x0010
CAL_ADC_25T30 INCHx = 0x1010, REF2_5 = 1, T = 30°C word O0X000E
CAL_ADC_25VREF_FACTOR REF2 5 =1, Ta = 30°C, lyrers = 1 mA word 0x000C
CAL_ADC_15T85 INCHx = 0x1010, REF2_5 = 0, T = 85°C word 0X000A
CAL_ADC_15T30 INCHx = 0x1010, REF2_5 = 0, T4 = 30°C word 0x0008
CAL_ADC_15VREF_FACTOR REF2 5 =0, Ta = 30°C, lyrers = 0.5 mA word 0x0006
CAL_ADC_OFFSET External Veer = 1.5 V, fapciocik = 5 MHZ word 0x0004
CAL_ADC_GAIN_FACTOR External Veer = 1.5 V, fapciocik = 5 MHZ word 0x0002
CAL_BC1_1MHz - byte 0x0009
CAL_DCO_1MHz - byte 0x0008
CAL_BC1 8MHz - byte 0x0007
CAL_DCO_8MHz - byte 0x0006
CAL_BC1_12MHz - byte 0x0005
CAL_DCO_12MHz - byte 0x0004
CAL_BC1_16MHz - byte 0x0003
CAL_DCO_16MHz - byte 0x0002
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4,12 Brownout

The brownout circuit is implemented to provide the proper internal reset signal to the device during power on and
power off.

4.13 Digital I/0

There are three 8-bit 1/0O ports implemented—ports P1, P2, and P3:

» All individual I/O bits are independently programmable.

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

» Edge-selectable interrupt input capability for all eight bits of port P1 and P2.
» Read/write access to port-control registers is supported by all instructions.

» Each I/O has an individually programmable pullup or pulldown resistor.

The MSP430F2132 provides up to 24 total port /O pins available externally. See the device pinout for more
information.

4.14 Watchdog Timer (WDT+)

The primary function of the WDT+ 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 disabled or configured as an interval timer and can generate interrupts at
selected time intervals.

4.15 ADC10

The ADC10 module supports fast 10-bit analog-to-digital conversions. The module implements a 10-bit SAR
core, sample select control, reference generator and data transfer controller, or DTC, for automatic conversion
result handling allowing ADC samples to be converted and stored without any CPU intervention.

4.16 Comparator_A+

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

Copyright © 2013, Texas Instruments Incorporated Submit Documentation Feedback 13
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4,17 Timer0_A3

TimerO_A3 is a 16-bit timer/counter with three capture/compare registers. TimerO_A3 can support multiple
capture/compares, PWM outputs, and interval timing. Timer0_A3 also has extensive interrupt capabilities.
Interrupts may be generated from the counter on overflow conditions and from each of the capture/compare
registers.

Table 12. Timer0_A3 Signal Connections

INPUT PIN NUMBER DEVICE INPUT MODULE MODULE l\ég_ll:_)ll;.'l-l}l? OUTPUT PIN NUMBER
PW RHB, RTV SIGNAL INPUT NAME BLOCK SIGNAL PW RHB, RTV
21 -P1.0 21-P1.0 TACLK TACLK Timer NA
ACLK ACLK
SMCLK SMCLK
9-P2.1 7-P2.1 TAINCLK INCLK
22 -P1.1 22-P11 TAO CCIOA CCRO TAO 22 -P1.1 22-P11
10 - P2.2 8-P2.2 TAO CCIOB 26 - P1.5 26 - P15
DVsg GND 10 - P2.2 8-P2.2
ADC10 ADC10
DVee Vee (internal) (internal)
23-P12 23-PL2 TAL CCI1A CCR1 TAL 23-P12 23-PL2
CAOUT
(internal) CCl1B 27 - P1.6 27 - P1.6
DVsg GND 19-P23 18 - P2.3
ADC10 ADC10
DVee Vee (internal) (internal)
24 - P13 24 - P1.3 TA2 CCI2A CCR2 TA2 24 - P13 24 - P1.3
ACLK (internal) CCl2B 28 -P1.7 28 - P1.7
DVss GND 20 -P2.4 19-P2.4
ADC10 ADC10
DVee Vee (internal) (internal)
14 Submit Documentation Feedback Copyright © 2013, Texas Instruments Incorporated
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4,18 Timerl A2

Timerl A2 is a 16-bit timer/counter with two capture/compare registers. Timerl A2 can support multiple
capture/compares, PWM outputs, and interval timing. Timerl A2 also has extensive interrupt capabilities.
Interrupts may be generated from the counter on overflow conditions and from each of the capture/compare

registers.

Table 13. Timerl_A2 Signal Connections

INPUT PIN NUMBER sEviEE T Memus VIEBULE 1\38%%5 OUTPUT PIN NUMBER
PW RHB, RTV SIGNAL INPUT NAME BLOCK SIGNAL PW RHB, RTV
21-P10 21-P1.0 TACLK TACLK Timer NA
ACLK ACLK
SMCLK SMCLK
9-P2.1 7-P2.1 TAINCLK INCLK
22-P11 22-P11 TAO CCIOA CCRO TAO 17 - P3.6 15 - P3.6
17 - P3.6 15- P3.6 TAO CCloB
DVss GND
DVce Vee
18 - P3.7 16 - P3.7 TAL CCI1A CCR1 TAL 18 - P3.7 16 - P3.7
(%?grlgl) cciB
DVss GND
DVcc Vee
4.19 Universal Serial Communications Interface (USCI)
The USCI module is used for serial data communication. The USCI module supports synchronous

communication protocols like SPI (3 or 4 pin), 12C and asynchronous communication protocols such as UART,
enhanced UART with automatic baudrate detection (LIN), and IrDA.

USCI_AO provides support for SPI (3 or 4 pin), UART, enhanced UART, and IrDA.
USCI_BO provides support for SPI (3 or 4 pin) and I12C.
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4.20 Peripheral File Map

Table 14. Peripherals With Word Access

MODULE REGISTER NAME SHORT NAME ADDRESS OFFSET
ADC10 ADC data transfer start address ADC10SA 0x01BC
ADC memory ADC10MEM 0x01B4
ADC control register 1 ADC10CTL1 0x01B2
ADC control register 0 ADC10CTLO 0x01B0O
ADC analog enable 0 ADC10AEO 0x004A
ADC analog enable 1 ADC10AE1 0x004B
ADC data transfer control register 1 ADC10DTC1 0x0049
ADC data transfer control register 0 ADC10DTCO 0x0048
Timer0_A3 Capture/compare register TAOCCR2 0x0176
Capture/compare register TAOCCR1 0x0174
Capture/compare register TAOCCRO 0x0172
TimerO_AS3 register TAOR 0x0170
Capture/compare control TAOCCTL2 0x0166
Capture/compare control TAOCCTL1 0x0164
Capture/compare control TAOCCTLO 0x0162
Timer0_A3 control TAOCTL 0x0160
TimerO_Ag3 interrupt vector TAOIV 0x012E
Timerl_A2 Capture/compare register TA1CCR1 0x0194
Capture/compare register TA1CCRO 0x0192
Timerl_A2 register TA1R 0x0190
Capture/compare control TA1CCTL1 0x0184
Capture/compare control TA1CCTLO 0x0182
Timerl_A2 control TAL1CTL 0x0180
Timerl_A2 interrupt vector TALIV 0x011E
Flash Memory Flash control 3 FCTL3 0x012C
Flash control 2 FCTL2 0x012A
Flash control 1 FCTL1 0x0128
Watchdog Timer+ Watchdog/timer control WDTCTL 0x0120
Table 15. Peripherals With Byte Access
MODULE REGISTER NAME SHORT NAME ADDRESS OFFSET
USCI_BO USCI_BO transmit buffer UCBOTXBUF 0x06F
USCI_BO receive buffer UCBORXBUF 0x06E
USCI_BO status UCBOSTAT 0x06D
USCI BO 12C Interrupt enable UCBOCIE 0x06C
USCI_BO bit rate control 1 UCBOBR1 0x06B
USCI_BO bit rate control 0 UCBOBRO 0x06A
USCI_BO control 1 UCBOCTL1 0x069
USCI_BO control 0 UCBOCTLO 0x068
USCI_BO I12C slave address UCBOSA 0x011A
USCI_BO I12C own address UCBOOA 0x0118
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Table 15. Peripherals With Byte Access (continued)

MODULE REGISTER NAME SHORT NAME ADDRESS OFFSET
USCI_AO USCI_AOQ transmit buffer UCAOTXBUF 0x0067
USCI_AO receive buffer UCAORXBUF 0x0066
USCI_AO status UCAOSTAT 0x0065
USCI_AO modulation control UCAOMCTL 0x0064
USCI_AO baud rate control 1 UCAOBR1 0x0063
USCI_AO baud rate control 0 UCAOBRO 0x0062
USCI_AO control 1 UCAOCTL1 0x0061
USCI_AO control 0 UCAOCTLO 0x0060
USCI_AO IrDA receive control UCAOIRRCTL 0x005F
USCI_AO IrDA transmit control UCAOIRTCTL 0x005E
USCI_AOQ auto baud rate control UCAOABCTL 0x005D
Comparator_A+ Comparator_A port disable CAPD 0x005B
Comparator_A control 2 CACTL2 0x005A
Comparator_A control 1 CACTL1 0x0059
Basic Clock System+ Basic clock system control 3 BCSCTL3 0x0053
Basic clock system control 2 BCSCTL2 0x0058
Basic clock system control 1 BCSCTL1 0x0057
DCO clock frequency control DCOCTL 0x0056
Port P3 Port P3 resistor enable P3REN 0x0010
Port P3 selection P3SEL 0x001B
Port P3 direction P3DIR 0x001A
Port P3 output P30OUT 0x0019
Port P3 input P3IN 0x0018
Port P2 Port P2 selection 2 P2SEL2 0x0042
Port P2 resistor enable P2REN 0x002F
Port P2 selection P2SEL 0x002E
Port P2 interrupt enable P2IE 0x002D
Port P2 interrupt edge select P2IES 0x002C
Port P2 interrupt flag P2IFG 0x002B
Port P2 direction P2DIR 0x002A
Port P2 output P20UT 0x0029
Port P2 input P2IN 0x0028
Port P1 Port P1 selection 2 register P1SEL2 0x0041
Port P1 resistor enable P1REN 0x0027
Port P1 selection P1SEL 0x0026
Port P1 interrupt enable P1lIE 0x0025
Port P1 interrupt edge select P1IES 0x0024
Port P1 interrupt flag P1IFG 0x0023
Port P1 direction P1DIR 0x0022
Port P1 output P10OUT 0x0021
Port P1 input P1IN 0x0020
Special Function SFR interrupt flag 2 IFG2 0x0003
SFR interrupt flag 1 IFG1 0x0002
SFR interrupt enable 2 IE2 0x0001
SFR interrupt enable 1 IE1 0x0000
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5.1 Absolute Maximum Ratings®
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Voltage applied at V¢ to Vgg -0.3Vto41V
Voltage applied to any pin @ -0.3VtoVee+0.3V
Diode current at any device terminal +2 mA
3 Unprogrammed device -55°C to 150°C
Storage temperature, Tgrg -
Programmed device -55°C to 150°C
(1) Stresses beyond those listed under absolute maximum ratingsmay 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
conditionsis not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.
(2) All voltages referenced to Vss. The JTAG fuse-blow voltage, Vgg, is allowed to exceed the absolute maximum rating. The voltage is
applied to the TEST pin when blowing the JTAG fuse.
(3) Higher temperature may be applied during board soldering process 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.
100.00
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w
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A. See data sheet for absolute maximum and minimum recommended operating conditions.
B. Silicon operating life design goal is 10 years at 110°C junction temperature (does not include package interconnect
life).
C. The predicted operating lifetime vs. junction temperature is based on reliability modeling using electromigration as the
dominant failure mechanism affecting device wearout for the specific device process and design characteristics.
Figure 1. Operating Life Derating Chart
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5.2 THERMAL INFORMATION

MSP430F2132-EP
THERMAL METRIC® RHB UNITS
32 PINS

03 Junction-to-ambient thermal resistance 2 33.2
03ctop Junction-to-case (top) thermal resistance® 24.3
035 Junction-to-board thermal resistance 7.3 oW
WIT Junction-to-top characterization parameter(5) 0.3
viB Junction-to-board characterization parameter(e) 7.3
03cbot Junction-to-case (bottom) thermal resistance (") 2.3

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report (SPRA953).

(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-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.

(5) The junction-to-top characterization parameter, y;t, estimates the junction temperature of a device in a real system and is extracted
from the simulation data for obtaining Ryja, using a procedure described in JESD51-2a (sections 6 and 7).

(6) The junction-to-board characterization parameter, y;g, estimates the junction temperature of a device in a real system and is extracted
from the simulation data for obtaining Ryja, using a procedure described in JESD51-2a (sections 6 and 7).

(7) 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.

5.3 Recommended Operating Conditions®

MIN  NOM  MAX| UNIT
During program execution 1.8 3.6
Vee Supply voltage, AVce = DVee = Vee - - \%
During flash memory programming 2.2 3.6
VSS Supply Voltage AVSS = DVSS = VSS 0 0 \
. . | version -40 85
Ta Operating free-air temperature - °C
Q version -40 125
Processor frequency (maximum MCLK Vec =18V, Duty cycle = 50% +10% de 6
fsvsTEM frequency)@® Vee = 2.7 V, Duty cycle = 50% +10% dc 12| MHz
(see Figure 2) Vee 2 3.3V, Duty cycle = 50% +10% dc 16

(1) Modules might have a different maximum input clock specification. See the specification of the respective module in this data sheet.
(2) The MSP430F2132 CPU is clocked directly with MCLK. Both the high and low phase of MCLK must not exceed the pulse duration of
the specified maximum frequency.
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A

Legend:
16 MHz

Supply voltage range
N / during flash memory
g / programming
; 12 MHz 4
2
g / / / Supply voltage range
o . .
1} during program execution
£ #
5 6 MHz /4
1% / /

[
1.8V 22V 27V 33V 36V

Supply Voltage - V

NOTE: Minimum processor frequency is defined by system clock. Flash program or erase operations require a minimum Ve
of 2.2 V.

Figure 2. Operating Area
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5.4 Active Mode Supply Current (Into DV + AV ) Excluding External Current

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)®. See Typical
Characteristics - Active-Mode Supply Current (Into DV + AVc) for related characterization graphs.

PARAMETER

TEST CONDITIONS

Ta

Vee

MIN  TYP

MAX

UNIT

| Active mode (AM)
AM,1MHz current (1 MHz)

foco = fmcik = fsmerk = 1 MHz,
fACLK = 32768 Hz,

Program executes in flash,
BCSCTL1 = CALBC1_1MHZ,
DCOCTL = CALDCO_1MHZ,
CPUOFF =0, SCG0 =0, SCG1 =0,
OSCOFF =0

22V

250

345

3V

350

455

HA

| Active mode (AM)
AM,1MHz current (1 MHz)

foco = fmcik = fsmerk = 1 MHz,
fACLK = 32768 Hz,

Program executes in RAM,
BCSCTL1 = CALBC1_1MHZ,
DCOCTL = CALDCO_1MHZ,
CPUOFF =0, SCG0 =0, SCG1 =0,
OSCOFF =0

22V

220

3V

300

HA

| Active mode (AM)
AM,4kHz current (4 kHz)

fmeLk = fsmek = facLk = 32768 Hz / 8
= 4096 Hz,

cho =0 Hz,

Program executes in flash,

SELMx =11, SELS =1,

DIVMx = DIVSx = DIVAx = 11,
CPUOFF =0, SCG0 =1, SCG1 =0,
OSCOFF =0

-40°C to 85°C

125°C

22V

-40°C to 85°C

125°C

3V

10

HA

| Active mode (AM)
AM.100kHz - cyyrrent (100 kHz)

fverk = fsmerk = foco(o, 0) = 100 kHz,
facLk = 0 Hz,

Program executes in flash,

RSELx =0, DCOx = 0, CPUOFF =0,
SCG0=0,SCG1=0,0SCOFF =1

-40°C to 85°C

125°C

22V

60

85

95

-40°C to 85°C

125°C

3V

72

95

105

HA

(1) Allinputs are tied to 0 V or V¢c. Outputs do not source or sink any current.
(2) The currents are characterized with a Micro Crystal CC4V-T1A SMD crystal with a load capacitance of 9 pF. The internal and external
load capacitance is chosen to closely match the required 9 pF.
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5.5 Low-Power-Mode Supply Currents (Into V. ) Excluding External Current®®
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted). See Typical

Characteristics - LPM4 Current for related characterization graphs.

PARAMETER TEST CONDITIONS Ta Vee MIN TYP  MAX| UNIT
fMCLK =0 MHz, -40°C to 85°C 55 66
fsmeLk = foco = 1 MHz, 105°C 22V 68
Low-power mode 0 facLk = 32768 Hz,
lipvo, MHz ( PMO) current® BCSCTL1 = CALBC1_1MHZ, -40°C to 85°C 70 83| pA
DCOCTL f CALDCO:1MHZ, _ 3v
CPUOFF = 1, SCGO = 0, SCG1 = 0, 105°C 90
OSCOFF =0
fMCLK =0 MHz, -40°C to 85°C 33 42
fSMCLK = cho(O, O) =~ 100 kHZ, 125°C 22V 46
ILpmo, Low-power mode 0 | facik = 0 Hz, A
100KHz (LPMO) current® RSELx = 0, DCOx = 0, -40°C to 85°C 37 46| M
CPUOFF =1, SCG0 =0, SCG1 =0, . 3V
OSCOFF = 1 125°C 50
fMCLK = fSMCLK =0 MHz, -40°C to 85°C 20V 20 25
foco = 1 MHz, 125°C ' 29
Low-power mode 2 | fAcLk = 32768 Hz,
ILpM2 (LPMF’Z) current® BCSCTL1 = CALBC1_1MHZ, -40°C to 85°C 22 27| pA
DCOCTL f CALDCO:1MHZ, _ 3V
CPUOFF =1, SCG0 =0, SCG1 =1, 125°C 33
OSCOFF =0
-40°C to 25°C 0.7 1.2
¢ ‘ ‘ 0 MH 85°C 22V 1.6 2.3
DCO = IMcLK = TsmcLK = Z, N
ILpm3, Low-power mode 3 | fac x = 32768 Hz, 105°C 3 6 A
LFXTL (LPM3) current® CPUOFF =1, SCGO = 1, SCG1 = 1, 40°C to 25°C 0.9 19| M
OSCOFF =0
85°C 3V 1.6 2.8
105°C 3 7
-40°C to 25°C 0.3 0.7
fDCO = fMCL'K = fSMCLK =0 .MHZ, 85°C 2.2V 1.2 1.9
| Low-power modg)3 %/CLLS)from internal LF oscillator 125°C 2 6 A
LPM3, VLO ’ o o
current, (LPM3) CPUOFF=1,SCG0=1,SCG1=1, | -40°Cto25°C 07 08
OSCOFF =0 85°C 3v 1.4 21
125°C 2.5 6.5
¢ ‘ ‘ 0 MH -40°C 0.1 0.5
DCO = IMcLk = TsmcLK = Z, S
| Low-power mode 4 | fac x = 0 Hz, 25°C 29V 3V 01 05 A
LPM4 (LPM4) current® CPUOFF =1, SCGO = 1, SCG1 = 1, 85°C e 08 15 M
OSCOFF =1
125°C 2 4.5

(1) Allinputs are tied to 0 V or V¢c. Outputs do not source or sink any current.
(2) The currents are characterized with a Micro Crystal CC4V-T1A SMD crystal with a load capacitance of 9 pF. The internal and external

load capacitance is chosen to closely match the required 9 pF.
(3) Current for brownout and WDT clocked by SMCLK included.
(4) Current for brownout and WDT clocked by ACLK included.
(5) Current for brownout included.
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5.6 Schmitt-Trigger Inputs (Ports P1, P2, P3, JTAG, RST/NMI, XIN®)
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Vce MIN TYP MAX | UNIT
0.45 Ve 0.75 Ve
Vir+ Positive-going input threshold voltage 22V 0.95 1.70 Y
3V 1.30 2.30
0.25 Ve 0.55 Ve
Vi Negative-going input threshold voltage 22V 0.50 1.25 Y
3V 0.70 1.70
) 22V 0.15 1.05
Vhys Input voltage hysteresis (Vi1+ - Vi1.) 3v 0.25 105 \Y
Reui  Pullup/pulldown resistor Eg; EE::E&V\;':NV:INV:S%CC 19 35 52| kQ
C Input capacitance VN = Vss OF Ve 5 pF

(1) XIN only in bypass mode

5.7 Inputs (Ports P1, P2)
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
PARAMETER TEST CONDITIONS Vee MIN TYP  MAX| UNIT

Port P1, P2: P1.x to P2.x, External trigger
pulse duration to set interrupt flag™®

22V,3V 20 ns

tint) External interrupt timing

(1) An external signal sets the interrupt flag every time the minimum interrupt pulse duration t;qy is met. It may be set with trigger signals
shorter than tpny.

5.8 Leakage Current (Ports P1, P2, P3)
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Vce MIN TYP  MAX| UNIT
likg(Px.y) High-impedance leakage current ORC) 22V,3V +51| nA

(1) The leakage current is measured with Vgg or V¢ applied to the corresponding pin(s), 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.

Copyright © 2013, Texas Instruments Incorporated Submit Documentation Feedback 23
Product Folder Links: MSP430F2132-EP



13 TEXAS
MSP430F2132-EP INSTRUMENTS

SLAS913A —JULY 2013—-REVISED AUGUST 2013 www.ti.com

5.9 Outputs (Ports P1, P2, P3)
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Vce MIN MAX UNIT

IOH(maX) =-1.5mA @ 20\ Vee - 0.3 Vee
[ =-6mA @ ' Vec - 0.65 V,

Vou High-level output voltage Obi(max) ) e L \%
lon(max) = -1.5 MA 3V Vcc-0.3 Vee
IOH(maX) =-6 mA(Z) Vee - 0.65 Vee
lot gmax) = 1.5 mAW 22V Vss  Vss+03
loLmax = 6 MA® Vss Vss+0.65

VoL Low-level output voltage ) \%
loL(max) = 1.5 MA 3V Vss  Vss+0.3
|OL(max) =6 mA(Z) VSS VSS + 0.65

(1) The maximum total current, lopmax) @nd loLmax), for all outputs combined, should not exceed +12 mA to hold the maximum voltage drop
specified.

(2) The maximum total current, lopmax) @nd loLmax), for all outputs combined, should not exceed +48 mA to hold the maximum voltage drop
specified.

5.10 Output Frequency (Ports P1, P2, P3)®

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted). See Typical
Characteristics - Outputs for related characterization graphs.

PARAMETER TEST CONDITIONS Vee MIN TYP  MAX| UNIT
. 206 22V 7.5

foxy Port output frequency (with load) | P1.4/SMCLK, C, = 20 pF, R =1 kQ 3V o MHz
@ 22V 7.5

feortecLK Clock output frequency P2.0/ACLK, P1.4/SMCLK, C, = 20 pF 3V 6 MHz

(1) Not ensured for T > 105°C.

(2) Alternatively, a resistive divider with two 0.5-kQ resistors between V¢ and Vsg is used as load. The output is connected to the center
tap of the divider.

(3) The output voltage reaches at least 10% and 90% V¢ at the specified toggle frequency.
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5.11 POR and Brownout Reset (BOR)®®

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted). See Typical
Characteristics - POR/Brownout Reset (BOR) for related characterization graphs.

PARAMETER TEST CONDITIONS Vee MIN TYP MAX| UNIT
Veestart) See Figure 3 dVec /dt <3 V/s V(?ale: \%
Vi 119 See Figure 3 through Figure 20 dVec /dt <3 V/s 1.75 \Y
Vhys@_IT) See Figure 3 dVec /dt <3 V/s 65 130 215| mVv
tyBoR) See Figure 3 2000 | ps
Pulse duration needed at RST/NMI
Yreser) pin to accepted reset internally 22V,3V 2 HS

(1) The current consumption of the brownout module is already included in the Icc current consumption data. The voltage level
V(B_IT-) + Vhys(B_IT-) is<1.8V.

(2) During power up, the CPU begins code execution following a period of tygor) after Vec = V(g 1) + Vhyse_i1-)- The default DCO settings
must not be changed until Ve 2 Vegminy, where Veemin is the minimum supply voltage for the desired operating frequency.

A

VCC - - — — — — 7T — — — T —

l/hys(B_IT—)
VB_IT-) *
VCC(start) ”””””””””””””””””””””””””””””””””””””””””””””””””””””””””””
-
A
1
0 -
> <« td(BOR)

Figure 3. POR and BOR vs Supply Voltage

5.12 Main DCO Characteristics

» All ranges selected by RSELx overlap with RSELx + 1: RSELXx = 0 overlaps RSELx = 1, ... RSELx = 14
overlaps RSELx = 15.
* DCO control bits DCOx have a step size as defined by parameter Spco.

* Modulation control bits MODx select how often fpcorseL pco+1) IS used within the period of 32 DCOCLK
cycles. The frequency focorseLpco) is used for the remaining cycles. The frequency is an average equal to:
¢ _ 32 x focorsEL,DCO) * focorsEL,DCO+)

average

MOD x fpcorsELpco) + (32 — MOD) x focorsEL DCO+1)

5.13 DCO Frequency

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted). See Typical
Characteristics - Calibrated 1-MHz DCO Frequency for related characterization graphs.
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DCO Frequency (continued)

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted). See Typical
Characteristics - Calibrated 1-MHz DCO Frequency for related characterization graphs.

PARAMETER TEST CONDITIONS Vce MIN TYP  MAX| UNIT
RSELx < 14 1.8 3.6
Vee Supply voltage range RSELx = 14 2.2 3.6 \%
RSELx = 15 3.0 3.6
focop) ~ DCO frequency (0, 0) RSELx = 0, DCOx = 0, MODx = 0 22V,3V 0.055 0.145| MHz
focopsy  DCO frequency (0, 3) RSELx = 0, DCOx = 3, MODx = 0 22V,3V 0.065 0.175| MHz
focosy  DCO frequency (1, 3) RSELx = 1, DCOx = 3, MODx = 0 22V,3V 0.095 0.205| MHz
focos  DCO frequency (2, 3) RSELx = 2, DCOx = 3, MODx = 0 22V,3V 0.135 0.285| MHz
foco@s  DCO frequency (3, 3) RSELx = 3, DCOx = 3, MODx = 0 22V,3V 0.195 0.405| MHz
focows  DCO frequency (4, 3) RSELx = 4, DCOx = 3, MODx = 0 22V,3V 0.27 0.55| MHz
focoss ~ DCO frequency (5, 3) RSELx = 5, DCOx = 3, MODx = 0 22V,3V 0.38 0.78| MHz
focoes  DCO frequency (6, 3) RSELx = 6, DCOx = 3, MODx = 0 22V,3V 0.53 1.07| MHz
focozay  DCO frequency (7, 3) RSELx = 7, DCOx = 3, MODx = 0 22V,3V 0.70 1.60| MHz
focoes  DCO frequency (8, 3) RSELx = 8, DCOx = 3, MODx = 0 22V,3V 1.05 2.20| MHz
focowsy  DCO frequency (9, 3) RSELx = 9, DCOx = 3, MODx = 0 22V,3V 1.50 3.10| MHz
focoos  DCO frequency (10, 3) RSELx = 10, DCOx = 3, MODx = 0 22V,3V 2.40 4.40| MHz
focoursy  DCO frequency (11, 3) RSELx = 11, DCOx = 3, MODx = 0 22V,3V 2.90 5.60 | MHz
focouzs  DCO frequency (12, 3) RSELx = 12, DCOx = 3, MODx = 0 22V,3V 4.20 7.40| MHz
focouss  DCO frequency (13, 3) RSELx = 13, DCOx = 3, MODx = 0 22V,3V 5.90 9.70 | MHz
focouss  DCO frequency (14, 3) RSELx = 14, DCOx = 3, MODx = 0 22V,3V 8.50 14.0| MHz
foco@s,s) DCO frequency (15, 3) RSELx = 15, DCOx = 3, MODx = 0 3V 115 19| MHz
focows,7) DCO frequency (15, 7) RSELx = 15, DCOx = 7, MODx = 0 3V 155 26.5| MHz
SRrsEL rgﬁggeggyéftgﬁdb;t\sl\/gfrl SrseL = foco(rseL+1,0c0) ffocorsELbeo) 22V,3V 156 ratio
Spco Er(c:aguaerr]lgst(t:(aogj+get\Neen tap Sbco = foco(rseL,pco+1) ffocorsEL,pCo) 22V,3V 1.04 108 1.13] ratio
Duty cycle Measured at P1.4/SMCLK 22V,3V 35 50 65 %
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5.14 Calibrated DCO Frequencies - Tolerance at Calibration
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Ta Vce MIN TYP  MAX| UNIT
Frequency tolerance at calibration 25°C 3V -1 +0.2 +1| %
BCSCTL1 = CALBC1_1MHZ,
feALMHz) 1-MHz calibration value DCOCTL = CALDCO_1MHZ, 25°C | 3V | 0.990 1 1.010| MHz
Gating time: 5 ms
BCSCTL1 = CALBC1_8MHZ,
feaL@mHz) 8-MHz calibration value DCOCTL = CALDCO_8MHZ, 25°C 3V 7.920 8 8.080| MHz
Gating time: 5 ms
BCSCTL1 = CALBC1_12MHZ,
feaL12mHz) 12-MHz calibration value DCOCTL = CALDCO_12MHZ, 25°C | 3V | 11.88 12 12.12| MHz
Gating time: 5 ms
BCSCTL1 = CALBC1_16MHZ,
feaL16MHZ) 16-MHz calibration value DCOCTL = CALDCO_16MHZ, 25°C | 3V | 15.84 16 16.16| MHz
Gating time: 2 ms
5.15 Calibrated DCO Frequencies - Tolerance Over Temperature 0°C to 85°C
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
PARAMETER TEST CONDITIONS Ta Vce MIN TYP MAX | UNIT
1-MHz tolerance over o o ) o
temperature 0°C to 85°C 3V 25 +0.5 +2.5 %
8-MHz tolerance over o ° 0
temperature 0°C to 85°C 3V -2.5 +1 +2.5 %
12-MHz tolerance over o o ) o
temperature 0°C to 85°C 3V 25 +1 +2.5 %
16-MHz tolerance over o o o,
temperature 0°C to 85°C 3V -3 +2 +3 %
BCSCTL1 = CALBCL_1MHZ, 22V 0.97 1 103
fcalamHz)  1-MHz calibration value | DCOCTL = CALDCO_1MHZ, 0°C to 85°C 3V 0.975 1 1.025| MHz
Gating time: 5 ms 3.6V 0.97 1 1.03
BCSCTL1 = CALBC1_8MHZ, 2.2V 7.76 8 84
fcaL@mHz  8-MHz calibration value | DCOCTL = CALDCO_8MHZ, 0°C to 85°C 3V 7.8 8 8.2| MHz
Gating time: 5 ms 3.6V 76 8 8.24
BCSCTL1 = CALBC1_12MHZ, 22V | 1164 12 1236
fcaLammz)  12-MHz calibration value | DCOCTL = CALDCO_12MHZ, 0°C to 85°C 3V 11.64 12 12.36| MHz
Gating time: 5 ms 3.6V 11.64 12 1236
BCSCTL1 = CALBC1_16MHZ, 3V 15.52 16 16.48
fcaLaembzy  16-MHz calibration value | DCOCTL = CALDCO_16MHZ, 0°C to 85°C MHz
Gating time: 2 ms 3.6V 15 16 16.48
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5.16 Calibrated DCO Frequencies - Tolerance Over Supply Voltage V¢
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Ta Vee MIN  TYP MAX| UNIT
1-MHz tolerance over V¢ 25°C 1.8Vto3.6V -3 +2 +3 %
8-MHz tolerance over V¢ 25°C 1.8Vto3.6V -3 +2 +3 %
12-MHz tolerance over V¢ 25°C 22Vto36V -3 +2 +3 %
16-MHz tolerance over V¢ 25°C 3Vto36V -6 +2 +3 %

BCSCTL1 = CALBC1_1MHZ,
fcaLamHz)  1-MHz calibration value DCOCTL = CALDCO_1MHZ, 25°C 18Vto36V 0.97 1 1.03| MHz

Gating time: 5 ms

BCSCTL1 = CALBC1_8MHZ,
fcaL@mnz  8-MHz calibration value DCOCTL = CALDCO_8MHZ, 25°C | 1.8Vt03.6V 7.76 8 824| MHz
Gating time: 5 ms

BCSCTL1 = CALBC1_12MHZ,
feaLammz)  12-MHz calibration value DCOCTL = CALDCO_12MHZ, 25°C | 22Vto36V | 11.64 12 12.36| MHz
Gating time: 5 ms

BCSCTL1 = CALBC1_16MHZ,

fcaLemmz)  16-MHz calibration value DCOCTL = CALDCO_16MHZ, 25°C 3Vto3.6V 15 16 16.48| MHz
Gating time: 2 ms

5.17 Calibrated DCO Frequencies - Overall Tolerance
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Ta Vee MIN TYP MAX| UNIT
1-MHz tolerance -40°C t0 125°C | 1.8V 10 3.6V 6 +2 6] %
overall
8-MHz tolerance o °
Sz -40°C 10 125°C | 1.8V 10 3.6 V -6 +2 +6| %
12-MHz tolerance -40°C t0 125°C | 2.2V103.6V 6 2 +6| %
overall
16-MHz tolerance -40°Ct0125°C | 3V103.6V 7 #8347 %

overall

BCSCTL1 = CALBC1_1MHZ,
DCOCTL = CALDCO_1MHZ, -40°C to 125°C | 1.8Vto3.6V 0.94 1 1.06| MHz
Gating time: 5 ms

BCSCTL1 = CALBC1_8MHZ,
DCOCTL = CALDCO_8MHZ, -40°Cto 125°C | 1.8Vt0 3.6V 75 8 85| MHz
Gating time: 5 ms

BCSCTL1 = CALBC1_12MHZ,
DCOCTL = CALDCO_12MHZ, -40°C to 125°C | 2.2Vto 3.6V 11.3 12 12.7| MHz
Gating time: 5 ms

BCSCTL1 = CALBC1_16MHZ,
DCOCTL = CALDCO_16MHZ, -40°C to 125°C 3Vto36V 14.9 16  17.1| MHz
Gating time: 2 ms

f 1-MHz calibration
CAL(IMHZ)  yalue

f 8-MHz calibration
CAL(BMHZ)  yalue

f 12-MHz calibration
CAL(12MHZ)  yalue

f 16-MHz calibration
CAL(16MHZ)  yalue
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5.18 Wake-Up From Lower-Power Modes (LPM3/4)®

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted). See Typical
Characteristics - DCO Clock Wake-Up Time From LPM3/4 for related characterization graphs.

PARAMETER TEST CONDITIONS Vee MIN TYP  MAX| UNIT
BCSCTL1 = CALBC1_1MHZ, 5
DCOCTL = CALDCO_1MHZ
BCSCTL1 = CALBC1 _8MHZz
= ! 22V,3V 1.5

¢ DCO clock wake-up time | PCOCTL = CALDCO_8MHZ s

DeOLPM3/A from LPM3/4® BCSCTL1 = CALBC1_12MHZ, H
DCOCTL = CALDCO_12MHZ 1
BCSCTL1 = CALBC1_16MHZ, 3V 1
DCOCTL = CALDCO_16MHZ

t CPU wake-up time from 1/ fmck +

CPU,LPM3/4 LPM3/4® tclock,LPM3/4

(1) Not ensured for To > 105°C.
(2) The DCO clock wake-up time is measured from the edge of an external wake-up signal (for example, a port interrupt) to the first clock

edge observable externally on a clock pin (MCLK or SMCLK).
(3) Parameter applicable only if DCOCLK is used for MCLK.

5.19 DCO With External Resistor Rogc™

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted). See Typical
Characteristics - DCO With External Resistor Rogc for related characterization graphs.

PARAMETER TEST CONDITIONS Vce MIN TYP  MAX| UNIT
DCOR =1, 22V 1.8

focorosc DCO output frequency with Rosc RSELx = 4, DCOx = 3, MODx = 0, MHz
Ta=25°C 3V 1.95

. DCOR =1, 0p/°
Dt Temperature drift RSELx = 4, DCOx = 3, MODx = 0 22V,3V +0.1 %/°C
PR DCOR =1, 0
Dy Drift with Ve RSELx = 4, DCOX = 3, MODX = 0 22V,3V 10 %6V

(1) Rosc = 100 kQ. Metal film resistor, type 0257, 0.6 W with 1% tolerance and Tk = 50 ppm/°C.
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5.20 Crystal Oscillator LFXT1, Low-Frequency Mode®®

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted). See Typical
Characteristics - LFXT1 Oscillator in HF Mode (XTS = 1) for related characterization graphs.

PARAMETER TEST CONDITIONS Vee MIN TYP MAX| UNIT
LFXT1 oscillator crystal _ _
fLexTiLr frequency, LF mode 0, 1 XTS =0, LFXT1Sx=0or 1 1.8V1t03.6V 32768 Hz
LFXT1 oscillator logic level
fLEXTL,LF logic square wave input frequency, | XTS = 0, XCAPx = 0, LFXT1Sx = 3 1.8Vt03.6V | 10000 32768 50000 Hz
LF mode
XTS =0, LFXT1Sx =0, 500
OA Oscillation allowance for fLexT1,Lr = 32768 Hz, Cy ¢t = 6 pF ‘o
tF LF crystals XTS = 0, LFXT1Sx = 0, 200
fLFXTl,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 11
XTS =0, Measured at ACLK,
Duty cycle, LF mode fiexrar = 32768 Hz 22V,3V 30 50 70 %
Oscillator fault frequency, XTS =0, XCAPx =0,
frautLF TF mada@ quency XTIk = 3 22V,3V 10 10000| Hz

(1) To improve EMI on the XT1 oscillator, the following guidelines should be observed.
(a) Keep the trace between the device and the crystal as short as possible.
(b) Design a good ground plane around the oscillator pins.
(c) Prevent crosstalk from other clock or data lines into oscillator pins XIN and XOUT.
(d) Avoid running PCB traces underneath or adjacent to the XIN and XOUT pins.
(e) Use assembly materials and praxis to avoid any parasitic load on the oscillator XIN and XOUT pins.
(f) If conformal coating is used, ensure that it does not induce capacitive/resistive leakage between the oscillator pins.
(g) Do not route the XOUT line to the JTAG header to support the serial programming adapter as shown in other documentation. This
signal is no longer required for the serial programming adapter.
(2) Use of the LFXT1 Crystal Oscillator at T > 105°C is not ensured. It is recommended that an external digital clock source or the internal
DCO is used to provide clocking.
(3) Includes parasitic bond and package capacitance (approximately 2 pF per pin).
Because the PCB adds additional capacitance, it is recommended to verify the correct load by measuring the ACLK frequency. For a
correct setup, the effective load capacitance should always match the specification of the crystal that is used.
(4) Frequencies below the MIN specification set the fault flag. Frequencies above the MAX specification do not set the fault flag.
Frequencies in between might set the flag.
(5) Measured with logic-level input frequency but also applies to operation with crystals.

5.21 Internal Very-Low-Power Low-Frequency Oscillator (VLO)
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
PARAMETER Ta Vce MIN TYP  MAX| UNIT
-40°C to 85°C 4 12 20
fuLo VLO frequency 12550 22V,3V 3 kHz
dfy o/dT VLO frequency temperature drift® 22V,3V 0.5 %/°C
dfyo/dVee VLO frequency supply voltage drift® 1.8Vt0 3.6V %IV

(1) Calculated using the box method:
[MAX(-40...125°C) - MIN(-40...125°C)}/MIN(-40...125°C)/[125°C - (-40°C)]
(2) Calculated using the box method: [MAX(1.8...3.6 V) - MIN(1.8...3.6 V)]/MIN(1.8...3.6 V)/(3.6 V - 1.8 V)
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5.22 Crystal Oscillator LFXT1, High-Frequency Mode®®

PARAMETER TEST CONDITIONS Vce MIN TYP MAX | UNIT
fLExTLHFO ;gé{fgﬂ‘éic'&f"r{}ggfga' XTS = 1, XCAPX = 0, LEXT1SX =0 | 1.8V103.6V 0.4 1| MHz
fLEXTLHFL hggf:é;“ﬂ?;g&?f' XTS = 1, XCAPx = 0, LEXT1Sx = 1 1.8V1t0 3.6V 1 4| MHz

1.8Vto3.6V 2 10
fLExT1 HF2 hggéﬂgi‘“g‘ﬁ%g&fgﬂ XTS = 1, XCAPx = 0, LFXT1Sx=2 | 22V1t03.6V 2 12| MHz
3Vto36V 2 16
LFXT1 oscillator logic-level 18Vio36V 04 10
fLEXT1,HF, logic square-wave input XTS =1, XCAPx =0, LFXT1Sx = 3 22Vto36V 0.4 12| MHz
frequency, HF mode 3V103.6V 0.4 16
XTS =1, XCAPx =0, LFXT1Sx =0, 2700
Oscillation al or HE fLexTL,HE = 1 MHZ, C o = 15 pF
scillation allowance for ~ _ _
OALE crystals (see Figure 27 and ?(TS B l’_XCAPX =0 LFZ(Tle =1 800 Q
Figure 28) LExTLHF = 4 MHZ, C ¢ = 15 pF
XTS =1, XCAPx =0, LFXT1Sx = 2, 300
fLexTL,HE = 16 MHZ, C o = 15 pF
Integrated effective load _ _a®
Cef capacitance, HF mode® XTS =1, XCAPx =0 1 pF
XTS =1, XCAPx =0,
Measured at P2.0/ACLK, 40 50 60
f =10 MHz
Duty cycle, HF mode LPXTLHF 22V,3V %
XTS =1, XCAPx =0,
Measured at P2.0/ACLK, 40 50 60
fLexT1,HF = 16 MHZ
fraultHF Oscillator fault frequency ® | XTS = 1, XCAPx = 0, LFXT1Sx = 3® 22V,3V 30 300| kHz

(1) To improve EMI on the XT2 oscillator the following guidelines should be observed:
(a) Keep the trace between the device and the crystal as short as possible.
(b) Design a good ground plane around the oscillator pins.

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

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

(e) Use assembly materials and praxis to avoid any parasitic load on the oscillator XIN and XOUT pins.
(f) If conformal coating is used, ensure that it does not induce capacitive or resistive leakage between the oscillator pins.

(g9) Do not route the XOUT line to the JTAG header to support the serial programming adapter as shown in other documentation. This
signal is no longer required for the serial programming adapter.
(2) Use of the LFXT1 Crystal Oscillator at Ty > 105°C is not ensured. It is recommended that an external digital clock source or the internal
DCO is used to provide clocking.

(3) Includes parasitic bond and package capacitance (approximately 2 pF per pin). Because the PCB adds additional capacitance, it is
recommended to 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.
(4) Requires external capacitors at both terminals. Values are specified by crystal manufacturers.

(5) Frequencies below the MIN specification set the fault flag, frequencies above the MAX specification do not set the fault flag, and

frequencies in between might set the flag.

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

5.23 Timer0_A3

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

PARAMETER TEST CONDITIONS Vce MIN TYP MAX | UNIT
Internal: SMCLK, ACLK 22V 10
fra Timer0_AS3 clock frequency External: TACLK, INCLK MHz
Duty cycle = 50% + 10% 3V 16
tTA cap Timer0_A3 capture timing TAO.0, TAO.1, TAO.2 22V,3V 20 ns
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5.24 Timerl A2
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Vce MIN TYP MAX | UNIT
Internal: SMCLK, ACLK 22V 10
fre Timerl_A2 clock frequency External: TACLK, INCLK MHz
Duty cycle = 50% + 10% 3V 16
tr,cap Timerl_A2 capture timing TA1.0, TA1.1 22V,3V 20 ns
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5.25 USCI (UART Mode)
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER CONDITIONS Vce MIN TYP MAX | UNIT
Internal: SMCLK, ACLK
fuscl USCI input clock frequency External: UCLK fsystem| MHz

Duty cycle = 50% + 10%

Maximum BITCLK clock frequency

fmaxsiTcLK (equals baud rate in MBaud)® 22V,3V 2 MHz
. o, 22V 45 150
t, UART receive deglitch time @ ns
3V 45 100

(1) The DCO wake-up time must be considered in LPM3 and LPM4 for baud rates above 1 MHz.
(2) 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.

5.26 USCI (SPI Master Mode)®

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
(see Figure 4 and Figure 5)

PARAMETER TEST CONDITIONS Vee MIN  TYP MAX | UNIT
; SMCLK, ACLK
fuscl USCI input clock frequency Duty cycle = 50% + 10% fsystem| MHz
t SOMI input data setup ti 22V 110
input data setup time ns
SUMI p p 3V 75
t SOMI input data hold ti 22V 0
input data hold time ns
HD,MI p 3V 0
. UCLK edge to SIMO valid 22V 30
t SIMO output data valid time®? ' ns
VALID,MO p C,=20pF 3V 20
(1) fucxerk = L2t oy With t o 2 max(tyaLip,mousciy + tsu,si(siave) tsumiuscr) + tVALID,SO(Slave))-
For the slave's parameters tsy sisiave) @aNd tvaLip,so(slave), S€€ the SPI parameters of the attached slave.
(2) Not ensured for Tp > 105°C.
5.27 USCI (SPI Slave Mode)®
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
(see Figure 6 and Figure 7)

PARAMETER TEST CONDITIONS Vce MIN TYP MAX | UNIT
tSTE,LEAD STE lead time, STE low to clock 22V,3V 50 ns
tsTE,LAG STE lag time, Last clock to STE high 22V,3V 10 ns
tsTE ACC STE access time, STE low to SOMI data out 22V,3V 50 ns
toTE DIS STE disable time, STE high to SOMI high 22V.3V 50 ns

: impedance
t SIMO input data setup ti 22V 20
input data setup time ns
SU,SI p p 3V 15
t SIMO input data hold ti 22V 10
input data hold time ns
HD,SI p 3V 10
o UCLK edge to SOMI valid 22V 75 110
t SOMI output data valid time @ ' ns
VALDSO P CL=20pF 3V 50 75
(1) fucxcrk = L2t oy With t o 2 max(tyaLip,MoMaster) * tsu,siuscl): tsuMiMaster) * tvaLiD,sousch)-
For the master's parameters tsy mimaster) 2Nd tvaLip,Mo(master) refer to the SPI parameters of the attached slave.
(2) Not ensured for T > 105°C.
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1fUCXxCLK
CKPL=0 7
UCLK
CKPL=1 \
t t t
<LOHI | HLOHI SuMI
tHD,MI

SOMI —D— _D_

tVALID,MO

siMo — X *;Ei D( S>—

Figure 4. SPI Master Mode, CKPH =0
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CKPL=0 71_5‘ 7ﬁ \ 71_\_
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Figure 5. SPI Master Mode, CKPH =1
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Figure 7. SPI Slave Mode, CKPH =1

Copyright © 2013, Texas Instruments Incorporated

Product Folder Links: MSP430F2132-EP

Submit Documentation Feedback

35



MSP430F2132-EP

SLAS913A —JULY 2013—-REVISED AUGUST 2013

13 TEXAS
INSTRUMENTS

www.ti.com

5.28 USCI (12C Mode)

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

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
_ fsoL < 100 kHz 4
tHp,STA Hold time (repeated) START t . > 100 kH 22V,3V 06 us
SCL z :
_ fsoL < 100 kHz 4.7
tsu,sTA Setup time for a repeated START t . > 100 kH 22V,3V 06 us
SCL z -
tHp, DAT Data hold time 22V,3V 0 ns
tsu,pAT Data setup time 22V,3V 250 ns
tsu,sTo Setup time for STOP 22V,3V 4 us
¢ Pulse duration of spikes suppressed by input 22V 45 150 605 s
sP filter 3V 45 100 605
tHD,STA tsu STA ‘LH D,STA
/ X X\ X N/ T\
fscL tsp_| |
SCL \ /\ /\ _/ \ / M\ \
o _tSU,DAT tsu,sTO .
tHD,DAT,_
Figure 8. 12C Mode Timing
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5.29 Comparator A+®

over recommended operating free-air temperature range (unless otherwise noted). See Typical Characteristics -
Comparator_A+ for related characterization graphs.

(see Figure 9 and Figure 10)

PARAMETER TEST CONDITIONS Vee MIN TYP MAX| UNIT
22V 25 45
lioD) CAON =1, CARSEL =0, CAREF =0 HA
3V 45 65
| . CAON = 1, CARSEL = 0, CAREF = 1/2/3, 2.2V 30 S| A
(Refladder/RefDiode) No load at CAO and CA1 3V 5 85 K
Common-mode input voltage
Vic range® P 9¢ lcaoN=1 22V,3V 0 Vee-1| Vv
Voltage at 0.25 V¢ node / PCAO =1, CARSEL =1, CAREF =1,
V(Refozs) Vee No load at CAO and CA1 22V,3V | 0225 024 0255
Voltage at 0.5 V¢ node / PCAO = 1, CARSEL =1, CAREF = 2,
VRes) o No load 2t GAG and CAL 22V,3V | 0465 0.48 0.505
PCAO =1, CARSEL =1, CAREF = 3, 22V 360 480 570
V(RefvT) See Figure 29 and Figure 30 | No load at CAO and CAL, mV
Ta = 85°C 3V 370 490 580
A
Voffset) Offset voltage ® 22V,3V -42 42| mv
Vhys Input hysteresis CAON =1 22V,3V 0.7 1.8 mVv
Ta = 25°C, Overdrive 10 mV, 22V 100 165 320
Without filter: CAF = 0 ns
‘ Response time (see Figure 9 and Figure 10) 3V 50 120 250
(response) - (low-high and high-low) Ta = 25°C, Overdrive 10 mV, 22V 1.3 19 3.0
With filter: CAF = 1) Us
3V 0.7 15 2.5

(1) The leakage current for the Comparator_A+ terminals is identical to lygpx.y) Specification.

(2) Not ensured for T > 105°C.

(3) The input offset voltage can be cancelled by using the CAEX bit to invert the Comparator_A+ inputs on successive measurements. The
two successive measurements are then summed together.
(4) Response time measured at P2.2/TA0.0/A2/CA4/CAOUT. If the Comparator_A+ is enabled a settling time of 60 ns (typical) is added to

the response time.
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0V Vg

To Internal Modules

CAOUT

Set CAIFG Flag

Figure 9. Comparator_A+ Module Block Diagram

Overdrive Veour

V- i /
B

|
V+ » < tresponse)

Figure 10. Overdrive Definition

|
|
|
I Comparator_A+

I CASHORT =1

|
|
| loor = 10 A
|
|

Figure 11. Comparator_A+ Short Resistance Test Condition
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5.30 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 Ta Vce MIN TYP  MAX| UNIT
Ve Analog supply voltage Vgg =0V 2.2 3.6 \%
- All Ax terminals,
Vax gr:\alg Z)Input voltage Analog inputs selected in 0 Vee \%
9 ADC10AE register
fapciocLk = 5 MHz, 22V 052 1.06
ADC100N =1, REFON =0
' ' I: -40°C to 85°C
laocio  ADC10 supply current® | ADC10SHTO = 1, e S mA
ADC10SHT1 = 0, T:-40°C to 105°C 3V 06 125
ADC10DIV =0
fapciocLk = 5 MHz,
Ref | ADC100N =0, REF2_5V =0, 22V,3V 0.25 0.45
eference supply REFON = 1, REFOUT = 0 - _40° o
Irep+  current, reference buffer TI 285 to 185’5?(: mA
disabled® fapciocLk = 5 MHz, ‘- to
ADC100N =0, REF2_5V =1, 3V 0.25 0.45
REFON = 1, REFOUT =0
fADClOCLK =5 MHz -40°C to 85°C 1.1 1.4
|REFB.0 ?lfrfrirr?tnvcvﬁhbmfer SUPPYY" | ADCI00N = 0, REFON = 1, 22V,3V mA
, ~ 0@ REF2_5V = 0, REFOUT = 1, 125°C o 1.85
ADCIOSR =0 ADC1OSR = 0
Reference buffer supply | 'Apcoctk =5 MHz, -40°C to 85°C 0.5 0.7
IRero curentwith égg%og\}\l:_OO’RREiFOOUNF_:]I Dsec 22V,3V oss| ™
ADCI10SR =1 ADCI0SR = 1 :
. Only one terminal Ax selected at I: -40°C to 85°C
C Input capacitance a time T: -40°C to 105°C 27 pF
Input MUX ON I: -40°C to 85°C
Ri resistance OV< Vi< Vee T:-40°C to 105°C | 22 V+3V 20001 Q

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

(2) The analog input voltage range must be within the selected reference voltage range Vg, to V. for valid conversion results.

(3) The internal reference supply current is not included in current consumption parameter Iapcio-

(4) The internal reference current is supplied via terminal V. Consumption is independent of the ADC100N control bit, unless a
conversion is active. The REFON bit enables the built-in reference. The reference voltage must be allowed to settle before an A/D
conversion is started.
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5.31 10-Bit ADC, Built-In Voltage Reference
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Vce MIN TYP MAX UNIT
Positive built-in lvrers <1 MA, REF2_5V =0 22
Vee ReF+ reference analog lyrer+ < 0.5 MA, REF2 5V =1 2.8 \%
supply voltage range [ <1 mA REF2 5V =1 2.9
v Positive built-in lvrer+ < lvrer+max, REF2_5V =0 22V,3V 1.40 15 1.60 v
REF* reference voltage | | per, < lygersmax, REF2_5V = 1 3V 230 25 270
I Maximum VREF+ 22V +0.5 mA
LD.VREF+ load current 3V +1
lyrer+ = 500 HA £ 100 HA,
Analog input voltage Vayx = 0.75 V, 22V,3V +2
VREF+ |0ad REFZ_SV =0 LSB
regulation lvrers = 500 A + 100 PA,
Analog input voltage Vayx = 1.25V, 3V +2
REF2 5V =1
v load lvrer+ = 100 pA to 900 pA, | ADC10SR =0 400
REF Vax = 0.5 X VRers+,
regulation response - 3V ns
200 Error of conversion result ADC10SR = 1 2000
time
<1LSB
Maximum
CVREF+ capacitance at pin lyrer+ < 21 mA, REFON = 1, REFOUT =1 22V,3V 100 pF
VREF+
Temperature lvrRer+ = constant with -40°C to 85°C +100 .
TCrer+ coefficient©®) 0 mMA < lyrers € 1 mA® -40°C to 105°C 22V,3V +110 ppm/°C
Settling time of
. lvrer+ = 0.5 mA, REF2_5V =0,
tREFON internal reference - — 36V 30 us
voltage(l)(s) REFON=0to 1
lyrers = 0.5 MA, ADC10SR =0 1
REF2_5V =0, 2oV
REFON = 1, ADC10SR =1 25
t Settling time of REFBURST =1 S
REFBURST reference buffer®® [ "~ 05 ma, ADC10SR = 0 2 H
REF2_5V =1, 3V
REFON = 1, ADC10SR =1 45
REFBURST =1

(1) Not ensured for To > 105°C.
(2) The capacitance applied to the internal buffer operational amplifier, if switched to terminal P2.4/TA2/A4/N rgp+/Verer+ (REFOUT = 1),
must be limited; otherwise, the reference buffer may become unstable.
(3) Calculated using the box method:
| temperature: (MAX(-40 to 85°C) — MIN(-40 to 85°C)) / MIN(-40 to 85°C) / (85°C — (-40°C))

T temperature: (MAX(-40 to 105°C) — MIN(-40 to 105°C)) / MIN(-40 to 105°C) / (105°C — (~40°C))

(4) Calculated Using the box method: ((MAX(VREF(T)) -- MlN(VREF(T))) / MlN(VREF(T)) / (TMAX - TMlN)
(5) The condition is that the error in a conversion started after treron OF trefsys IS l€SS than £0.5 LSB.
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5.32 10-Bit ADC, External Reference®
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Vce MIN MAX | UNIT
VereF+ > VeREF-, 14 Vee
v Positive external reference input | SREF1 =1, SREFO=0 v
SREF* voltage range® Verer- < Verers < (Vec - 015 V), 14 3
SREF1 =1, SREF0 = 10 :
Negative external reference input
VeREF- voltgage range @ PO Verers > Verer- 0 12| VvV

Differential external reference
AVeRer input voltage range Verers > Verer.® 14  Vee| V
AVerer = Verer+ - VeREF-

0V = Veger+ < Vec,

I Static input tinto V @ |SREF1=1 SREFO=0 22V,3V A
atic Input current Into . y
VeREF P SREF 10V £ Vepgrs € Ve - 015V 3V, H

SREF1 =1, SREF0 = 16
lvereE- Static input current into Verer.® | 0V < Veree. < Vec 22V,3V #1| pA

(1) The external reference is used during 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) Under this condition, the external reference is internally buffered. The reference buffer is active and requires the reference buffer supply
current Izxgpg. The current consumption can be limited to the sample and conversion period with REBURST = 1.

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

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

(6) Not ensured for T > 105°C.

5.33 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
ADC10 input clock For specified performance of ADCI0SR =0 0.45 6.3
fabciocLk ; ; 22V,3V MHz
frequency ADCI10 linearity parameters ADC10SR = 1 0.45 15
fADC100SC ADC10 built-in oscillator ADClODI\ix =0, ADC10SSELx =0, 22V 3V 37 6.3 MHz
frequency fapciocik = fapcioosc
ADC10 bullt-m oscillator, ADC10SSELx = 0, 22V, 3V 2.06 4.00
o fapciocLk = fabcioosc
tCONVERT Conversion time us
fapciocLi from ACLK, MCLK or SMCLK, 13 x ADC10DIVX x
ADCI10SSELx #0 1/ fADClOCLK
Turn on settling time of
taDc100N the ADC@ 9 See @ 100 ns

(1) Not ensured for To > 105°C.
(2) The condition is that the error in a conversion started after tapcioon IS less than £0.5 LSB. The reference and input signal are already
settled.
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5.34 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 linearity error 22V,3V +1.2| LSB
Ep Differential linearity error 22V,3V +1.2| LSB
Eo Offset error Source impedance Rg < 100 Q 22V,3V +1.2| LSB
\S/REFX_: f:ELSO\,/unbuffered external reference, 29y +11 +
eREF+ — L.
SREFx_: 010, unbuffered external reference, 3V +11 42
. Verer+ = 2.5V
Ec Gain error p = 011, buffered | ref ) LSB
VREFX_— ; élv uffered external reference'”, 20y +11 +45
eREF+ — L.
= (€}
\S/REFx_ glslvbuffered external reference'”, 3V +11 435
eREF+ — 4-
\S/REFX_: f:ELSO\,/unbuffered external reference, 29y +2 +5
eREF+ = +-
SREFx_: 010, unbuffered external reference, 3V +2 +5
) Verer+ = 2.5V
Et Total unadjusted error I LSB
SREFx = 011, buffered external reference ™,
v =15V 22V +2 +7.5
eREF+ — L.
= (€}
\S/REFx_ glslvbuffered external reference'”, 3V +2 +6.5
eREF+ — &-
(1) The reference buffer offset adds to the gain and total unadjusted error.
5.35 10-Bit ADC, Temperature Sensor and Built-In V,p?
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
PARAMETER TEST CONDITIONS Vce MIN TYP  MAX| UNIT
Temperature sensor supply | REFON = 0, INCHx = OAh, 22V 40 120
Isensor @ 2 = oEo HA
current ADC100N =1, Ty = 25°C 3V 60 160
TCsensor ADC100N = 1, INCHx = 0Ah® 22V,3V 3.55 mv/°C
Voftset Sensor Sensor offset voltage ® ADC100N = 1, INCHx = 0Ah® -100 +100| mv
Temperature sensor voltage at
T =125°C (Q version only) 1205 1365 1465
VSENSOR Sensor output voltage® Temperature sensor voltage at Ta =85°C | oy 3v | 1195 1295 1395| v
Temperature sensor voltage at Ty = 25°C 985 1085 1185
Temperature sensor voltage at Tp = 0°C 895 995 1095
Sample time required if ADC100N = 1, INCHx = 0Ah,
ISENSOR(sample)  channel 10 is selected®) Error of conversion result < 1 LSB 22V,3V 31 HS
Current into divider at _ _ 22V N/A®)
(S channel 116 ADC100N = 1, INCHx = 0Bh sy A® HA
- ADC100N = 1, INCHx = 0Bh 2.2V 1.05 11 135
V Vcc divider at channel 11 ! ' \Y
MID ce Vmip = 0.5 % Ve 3V 145 15 155
) Sample time required if ADCI00N = 1, INCHx = 0Bh, 22V 1600 ns
VMID(sample) channel 11 is selected ® Error of conversion result < 1 LSB 3V 1600

(1) The sensor current Isensor IS consumed if (ADC100N = 1 and REFON = 1) or (ADC100N = 1 and INCH = OAh and sample signal is
high). When REFON = 1, Isgnsor iS included in Igrgr+.When REFON = 0, Isensor applies during conversion of the temperature sensor
input (INCH = OAh).

(2) The following formula can be used to calculate the temperature sensor output voltage:
Vsensortyp = TCsensor (273 + T [°C] ) + Vogret, sensor [mV] or

VSensor typ —

(3) Not ensured for To > 105°C.
(4) Results based on characterization and/or production test, not TCgensor O Vofiset,sensor-
(5) No additional current is needed. The Vyp is used during sampling.

(6) The on time, tymip(on), is included in the sampling time, tymipsample): NO additional on time is needed.

TCSensor T [ C] + VSensor(TA 0° C) [
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5.36 Flash Memory®
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Vce MIN TYP MAX UNIT
Vee (pewerase)  Program and erase supply voltage 2.2 3.6 Y
fera Flash timing generator frequency 257 476 kHz
lpau gﬁ)%eg/nségrent from V¢ during 22 V/3.6 V 1 5 mA
lerASE Supply current from V¢ during erase® 2.2VI3.6V 1 7] mA
tepr Cumulative program time ?©) 2.2VI3.6V 10 ms
temErase Cumulative mass erase time® 22VI36V 20 ms
Program and erase endurance® 10* 10° cycles
tRetention Data retention duration T;=25°C 100 years
tword Word or byte program time See ¥ 30 trre
tBlock, 0 Block program time for first byte or word | See Y 25 trre
talock, 163 E)I/?gkofzsgrrgm time for each additional See @ 18 tere
tBlock, End Block program end-sequence wait time | See ) 6 trre
tmass Erase Mass erase time See ¥ 10593 trre
tSeg Erase Segment erase time See ¥ 4819 trre

(1) Additional flash retention documentation located in application report SLAA392.
(2) Not ensured for To > 105°C.
(3) The cumulative program time must not be exceeded when writing to a 64-byte flash block. This parameter applies to all programming

methods: individual word/byte write and block write modes.
(4) These values are hardwired into the flash controller's state machine (trrg = 1/ferg)-

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

PARAMETER TEST CONDITIONS MIN  MAX| UNIT
Vramn)  RAM retention supply voltage ™ CPU halted 1.6 \Y

(1) This parameter defines the minimum supply voltage Vcc when the data in RAM remains unchanged. No program execution should
happen during this supply voltage condition.
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5.38 JTAG and Spy-Bi-Wire Interface
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Vce MIN TYP  MAX| UNIT
fsew Spy-Bi-Wire input frequency Ta =-40°C to 105°C 22V,3V 0 20| MHz
tsBW,Low Spy-Bi-Wire low clock pulse duration Tp =-40°C to 105°C 22V,3V 0.025 15| ps
tsBw.En (S'I'pg-sl?l'l-l\ﬁ/g”hetgn;:t::lgg'ltg]nece of first clock edge ™) Ta=-40°C 10 105°C 22V,3V 1l ws
tsBw,Ret Spy-Bi-Wire return to normal operation time Ta =-40°C to 105°C 22V,3V 15 100| ps
frex TCK input frequency® Ta = -40°C to 105°C 22V 0 3| MHz

3V 0 10| MHz
Rinternal Internal pulldown resistance on TEST Ta =-40°C to 105°C 22V,3V 25 60 Q0| kQ

(1) Tools accessing the Spy-Bi-Wire interface need to wait for the maximum tsgw g, time after pulling the TEST/SBWCLK pin high before
applying the first SBWCLK clock edge.
(2) frck may be restricted to meet the timing requirements of the module selected.

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

PARAMETER TEST CONDITIONS MIN  MAX| UNIT
Veere) Supply voltage during fuse-blow condition Tp =25°C 25 \%
Veg Voltage level on TEST for fuse blow Tp=25°C 6 7 \%
IFs Supply current into TEST during fuse blow Tp =25°C 100| mA
teg Time to blow fuse Tp=25°C 1| ms

(1) Once the fuse is blown, no further access to the JTAG/Test and emulation features is possible, and the JTAG block is switched to
bypass mode.

5.40 Typical Characteristics - Active-Mode Supply Current (Into DVcc + AVcce)

8.0 5.0
7.0 —
foo = 16 MHz T, = 85°C
< 60 o 4.0 -
< < T, =25°C
I
€ 50 |E
o -
5 S 3.0
3 foco = 12 MHz o :
o | o
O 4.0 DCO !5 /
B @)
= 39 ~ i g /
Z P 2 20 T,=85%C
< 20 2 _ T,=25°C
2 V=3V
<
1.0 fros=1MHZ | 10 /,
00 V=22V
1.5 2.0 2.5 3.0 35 4.0
V¢ — Supply Voltage - V 0.0
0.0 4.0 8.0 12.0 16.0
Figure 12. Active-Mode Current vs Supply Voltage T = 25°C foco = DCO Frequency - MHz
Figure 13. Active-Mode Current vs DCO Frequency
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5.41 Typical Characteristics - LPM4 Current

24 1 J

Voo = 3.6 V| |
22 =
20 i \I
s Ve =22V —
1.6 7

1.4

J

2 I,

o //

08 /)
/4

| ows — LOw-Power Mode Current - pA

06
/
0.4 //
0.2 V,.=18V
0.0 \ |

-40.0 -20.0 0.0 20.0 40.0 60.0 80.0 100.0
T, —Temperature — °C

Figure 14. LPM4 Current vs Temperature
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5.42 Typical Characteristics - Outputs
One output loaded at a time.

25.0 ‘
< V=22V T.=25°C
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Vo — Low-Level Output Voltage - V

Figure 15. Typical Low-Level Output Current vs Low-Level
Output Voltage
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Figure 16. Typical Low-Level Output Current vs Low-Level
Output Voltage
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Figure 17. Typical High-Level Output Current vs High-Level
Output Voltage
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Figure 18. Typical High-Level Output Current vs High-Level
Output Voltage
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5.43 Typical Characteristics - POR/Brownout Reset (BOR)

2 100 R e

) ‘
: s T f f
IIII|||\\II|l'.|||||||||||||||IIII\\IIIIIIIHIIIIII\I\ : :

Vec(drop)

0.001 1000
tpw — Pulse Width - ps

ns 1ns
tpw — Pulse Width - ps

Figure 19. Vccdrop) Level With a Square Voltage Drop to
Generate a POR or BOR Signal

|
ti=te

; ;
«— e

tow ~ Pulse Width - ps tow = Pulse Width - s

Figure 20. Vccdrop) Level With a Triangle Voltage Drop to
Generate a POR or BOR Signal
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5.44 Typical Characteristics - Calibrated 1-MHz DCO Frequency

1.03

1.02 \\

1.01
T / \
= T,=105°C L
g 1.00 =
) 7\\
=}
g
£ o9 T, =-40°C

0.98

0.97

15 20 25 3.0 35 40

V¢ — Supply Voltage - V

Figure 21. Calibrated 1-MHz Frequency vs Supply Voltage

5.45 Typical Characteristics - DCO Clock Wake-Up Time From LPM3/4

10.00/\

RSELx=0to 11
AN RSELx =12 to 15—

S

DCO Wake Time - ps

o0l 1 1L 111l RN \
0.10 1.00 10.00

DCO Frequency - MHz

Figure 22. Clock Wake-Up Time From LPM3 vs DCO Frequency
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5.46 Typical Characteristics - DCO With External Resistor Rosc

10.00

RSELx = 4

f.co — DCO Frequency - MHz

100.00

1000.00

Rosc — External Resistor — kQ

10000.00

Figure 23. DCO Frequency vs Rosc Vcc = 2.2V, T =25°C

10.00

RSELx = 4

foco — DCO Frequency — MHz

100.00

1000.00
Rosc — External Resistor — kQ

10000.00

Figure 24. DCO Frequency vs Rosc Vcc =3V, Tp = 25°C
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Figure 25. DCO Frequency vs Temperature Vec =3 V
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Figure 26. DCO Frequency vs Supply Voltage Tp = 25°C
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5.47 Typical Characteristics - LFXTL1 Oscillator in HF Mode (XTS = 1)

100000.0

10000.0

1000.00 %
\\L\FXT1SX =2
100.00
\ LFXT1Sx = 1
LFXT1Sx =0

sooo Lt il 1 L LI
0.10 1.00 10.00 100.00

Crystal Frequency - MHz

Oscillation Allowance — Q

Figure 27. Oscillation Allowance vs Crystal Frequency C s
=15 pF, Tp = 25°C
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0.0
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Figure 28. Oscillator Supply Current vs Crystal Frequency

CL’eff =15 pF, TA =25°C
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5.48 Typical Characteristics - Comparator_A+

650 ‘ 650
AN Ve =3V \ Ve =22V
> 600 > 600 ™N
€ € AN
I i .
5 Typical ('D \ Typical
g 1 ~
S 550 S 550
> >
8 N 8 \\
o o
5 \ 5
S 500 AN $ 500 \\
& N &
I I
i N\ i \
> 450 > 450 N
400 400
-45.0 -25.0 -5.0 15.0 35.0 55.0 75.0 95.0 115.0 -45 -25 -5 15 35 55 75 95 115
T, — Free-Air Temperature — °C T, — Free-Air Temperature - °C
Figure 29. V(gerym) VS Temperature Vec = 2.2V Figure 30. V(getyT) VS Temperature Vec = 2.2 V
100 —
B V..=18V
g _
. V=22V
3 |
()
= V=30V
® 10
2 —
4 — \
o -
g — / \\
8 L
e ] T
V. =36V
] | \ \ \ \
0.0 0.2 0.4 0.6 0.8 1.0

V,/V¢. = Normalized Input Voltage - V/V

Figure 31. Short Resistance vs V|\/Vcc
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6 Application Information

6.1 Port P1 Pin Schematic: P1.0, Input/Output With Schmitt Trigger

—————————— -
I— Pad Logic
P1REN.0 m | |
I
| DVSS 0 ‘
o— |
| DvCC 1 1 |
PIDIRO = * }l Direction |
P1SEL2.0 L ] 0: Input | } |
ADC10CLK 1: Output X — § |
From | | |
Comparator 1 I
> !
plouTo = E | | | P1.0/TACLK/
| ADC10CLK/CAOUT
P1SELO = Bus |
| Keeper
P1IN.0 < | EN |
EN | :
Module X IN <] b - __ Jd

P1IE.x
EN |=U
P1IRQ.0
i Q
Set

P1IFG.x
P1SEL.0 #—
Interrupt
P1IES.0 Edge Select
Table 16. Port P1 (P1.0) Pin Functions
CONTROL BITS AND SIGNALS
PIN NAME (P1.x) X FUNCTION
P1DIR.x P1SEL.x P1SEL2.x
P1.0 (I/0) 1:0,0:1 0 0
P1.O/TACLK/ o | Timer0_AS.TACLK, Timerl A2.TACLK 0 1 0
ADC10CLK/CAOUT ADCL0CLK 1 1 0
CAOUT 1 1 1
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6.2 Port P1 Pin Schematic: P1.1 to P1.3, Input/Output With Schmitt Trigger

I— —————————— -
P1REN.X m | Pad Logic |
I
I DVSS 0
o— |
S I DvCC 1 1 |
PIDIRx = *0 Direction |
L 1 0: Input |
,r 1: Output I —O § |
L i
Timer0_A3 |
output 1 \ I
P1OUT.x ® 0 J | |
L1
PISELX B I Bus |
| Keeper
P1IN.x < I EN |
EN I |
—1 — | I
Module X IN 4 D —_—_——e_—ee,eee e, e, e——— =
P1IRQ.x
I Q
Set
P1IFG.x
P1SEL.x B—
Interrupt
P1ES.X B Edge Select

Table 17. Port P1 (P1.1 to P1.3) Pin Functions

——C

P1.1/TAO_O/TAO_1
P1.2/TA1_0
P1.3/TA2_0

PIN NAVEE (PLy) § FUNCTION CONTROL BITS AND SIGNALS
P1DIR.X P1SEL x P1SEL2.x
P1.1 (1/O) 1:0; 0: 1 0 0
P1.1/TA0.0/TALO 1 | Timer0_A3.CCIOA, Timerl_A2.CCIOA 0 1 0
Timer0_A3.TAO 1 1 0
P1.2 (1/O) 1:0;0: 1 0 0
P1.2/TA0.1 2 | Timer0o_A3.CCI1A 0 1 0
Timer0_A3.TA1 1 1 0
P1.3 (I/0) 1:0; 0: 1 0 0
P1.3/TA0.2 3 | Timer0_A3.CCI2A 0 1 0
Timer0_A3.TA2 1 1 0
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6.3 Port P1 Pin Schematic: P1.4

P1IREN4 = I_ \ Pad Logic
_J

| — |
| DvSs —| 0 |
~ I pvcec —] 1 1 |
PIDIR4 = L 0 Direction | | |
0: Input >—
,11/ 1: Output l I
1
L ! |
SMCLK 1 | | >
P1OUTX ® 0 | |
e | I P1.4/SMCLK/TCK
P1SEL4 = Bus I
I Keeper |
P1IN4 < | EN |
EN | |
Module X IN g D | |
P1IE.x =1 | |
P1IRQ.4 |
1" |
Set I I
P1IFG.x | |
P1SEL.x m— I |
Interrupt I
Edge Select I
P1IESx m—] | |
To JTAG I
' I
From JTAG | |
Table 18. Port P1 (P1.4) Pin Functions
CONTROL BITS AND SIGNALS®
PIN NAME (P1.x X FUNCTION
(P12 PIDRX | pras* | JTAG Mode
P1.4 (/0) 1:0;0:1 0 0
P1.4/SMCLK/TCK 4 SMCLK 1 1 0
TCK® X X 1
(1) X =Don'tcare
(2) In JTAG mode, the internal pullup or pulldown resistors are disabled.
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6.4 Port P1 Pin Schematic: P1.5to P1.7

P1REN.X B | \ Pad Logic
|

—O
DVSS 0
O—
~ DVCC 1 1
PIDIRx ® * 0 Direction
1 0: Input }
/r 1: Output —O J/ §
Module X Out 1 >
P1OUT.X B 0 |
= P1.5/TA0.0/TMS
P1.6/TA0.1/TCLK
P1SELx B Bus @ P1.7/TA0.2/TDO/TDI
Keeper
P1IN.x < EN
EN

Module X In <€— g D

P1IE.
X EN 1
P1IRQ.x

I Q

Set
P1IFG.x
P1SEL.x B—f
Interrupt
Edge Select
P1IES.x B—

To JTAG < ‘
From JTAG
L e e e e e e e e e e e e - = =
Table 19. Port P1 (P1.5 to P1.7) Pin Functions
CONTROL BITS AND SIGNALS®™
PIN NAME (P1.x) X FUNCTION P1SEL .x
P1DIR.x P1SEL2.x=0 JTAG Mode
P1.5 (1/0) 1:0;0:1 0 0
P1.5/TA0.0/TMS 5 Timer0_A3.TAO 1 1 0
T™MS®@ X X 1
P1.6 (I/0) 1:0;0:1 0 0
P1.6/TA0.1/TDI/TCLK 6 Timer0_A3.TA1 1 1 0
TDITCLK® X X 1
P1.6 (/0) 1:0;0:1 0 0
P1.7/TA0.2/TDO/TDI 7 Timer0_A3.TA2 1 1 0
TDO/TDI® X X 1
(1) X =Don't care
(2) In JTAG mode, the internal pullup or pulldown resistors are disabled.
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6.5 Port P2 Pin Schematic: P2.0 and P2.1, Input/Output With Schmitt Trigger

To ADC10 | II><I‘ |
I |
INCHx = y f |
To | M |
Comparator_A | i
From 1
Comparator_A | |
I |
CAPD.x |
ADC10AEQ.y |
P2REN.x ® I
| DVss—| 0 |
| el
DVCC
| 1
o o I
P2DIR.x Direction i :)_ |
0: Input
1 1: Output | ’__8 §|
P20UT.x B Y : :
Module X OUT | L P2.0/ACLK/AO/CA2
. - | P21/TAINCLK/
P2SEL.x | s 4@ | SMCLKIATICAS
P2IN.x < | EN |
EN | l |
Module X IN < < b : :Z>7 |
_ﬁZIEx EN |11 e e e e e _!
P2IRQA —C .
I Q
Set
P2IFG .x
P2SEL x#—
Interrupt
P2IES X —] Edge Select

Table 20. Port P2 (P2.0 and P2.1) Pin Functions

CONTROL BITS AND SIGNALS®
PIN NAME (P2.x) X FUNCTION P2SEL x
ADC10AEO.y CAPD.x P2DIR.x P2SEL2.x = 0
P2.0 (I/0) 0 0 10;0: 1 0
ACLK 0 0 1 1
P2.0/ACLK/AQ/CA2 0
A0 1 0 X X
CA2 0 1 X X
P2.1 (I/0) 0 0 1:0;0: 1 0
Timer0_A3.TAINCLK, Timerl_A2.TAINCLK 0 0 0 1
P2.1/TAINCLK/
SMCLK/AL/CA3 1 |SMCK 0 0 1 1
Al 1 0 X X
CA3 0 1 X X
(1) X =Don't care
56 Submit Documentation Feedback Copyright © 2013, Texas Instruments Incorporated

Product Folder Links: MSP430F2132-EP




13 TEXAS
INSTRUMENTS MSP430F2132-EP

www.ti.com SLAS913A —JULY 2013—-REVISED AUGUST 2013

6.6 Port P2 Pin Schematic: P2.2, Input/Output With Schmitt Trigger

Pad Logic

To ADC10

INCHx =y

To Comparator_A

From Comparator_A

CAPD.x

ADC10AEQ.y =

P2REN.x =
DVSS 0

DvCC 1

»—_8}— gi

|
P2DIR-2 Direction

0: Input
1: Output

P2SEL2.2

Module output

From Comparator

P20UT.2

l—"
e e

P2.2/TA0.0/A2/CA4/CAOUT

P2SEL.2 =

Bus
Keeper
EN

P2IN.2

A

Module X IN  €¢—] <] o

_iZ|E-X EN =L Y e a4
P2IRQ.2 R

Set
P2IFG.x
P2SEL.x B—j
Interrupt
polESx m—] Edge Select

Table 21. Port P2 (P2.2) Pin Functions

CONTROL BITS AND SIGNALS®
PIN NAME (P2.x) X FUNCTION
ADC10AEO0.x CAPD.x P2DIR.x P2SEL .x P2SEL2.x
P2.0 (1/0) 0 0 1:0;0:1 0 0
Timer0_A3.TAO 0 0 1 1 0
Timer0_A3.CCIOB 0 0 0 1 0
P2.2/TA0.0/A2/CA4/CAOUT 2

A2 1 0 X X X
CA4 0 1 X X X
CAOUT 0 0 1 1 1

(1) X =Don't care
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6.7 Port P2 Pin Schematic: P2.3 and P2.4, Input/Output With Schmitt Trigger

To or from

ADC10 Reference

To ADC10

INCHx =y

To Comparator_A

From Comparator_A

CAPD.x

ADC10AEQ.y =

]
]
]
]
P2REN.X m :
]
! DVSS 0
]
H DvCC 1
I~ H
0 . . |
P2DIR.X Direction \
1 0: Input H —C}
/‘ 1: Output ! ¢ &
]
‘ T
]
P20UTx -L} . !
i >
Module X OUT — 1 ! !
] ]
T 1 Bus ! P2.3/TA0.1/A3/
P2SELx = ® H H Ve /Verer /CAO
' Keeper — |
P 1 EN 1 P2.4/TA0.2/A4/
P2IN.x <« ' H Veer./Veper /CA1
1 ]
]
EN [ ! H
] ]
1 ]
]
Module X IN < <] b i :
i i
]
P2IE x _ ] H ]
= EN ;_ !
P2RQx «—{ | | | |  Fmmmmmemmmmmsssss---—--—-oo--—------
417 Q
Set
P2IFG.x
P2SEL.Xx B—
Interrupt
P2IES x Edge Select
Table 22. Port P2 (P2.3 and P2.4) Pin Functions
CONTROL BITS AND SIGNALS®
PIN NAME (P2.x) FUNCTION P2SEL X
ADC10AEOQ.y CAPD.X P2DIR.X =
P2.3 (1/0) 0 0 1:0;0: 1 0
P2.3/TA0.1/A3/ Vrer/Vegrer. Timer0_A3.TA1 0 0 1 1
ICAO A3Nger/Veper. 1 0 X X
CAO 0 1 X X
(1) X =Don'tcare
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Port P2 Pin Schematic: P2.3 and P2.4, Input/Output With Schmitt Trigger (continued)

Table 22. Port P2 (P2.3 and P2.4) Pin Functions (continued)

CONTROL BITS AND SIGNALS®

PIN NAME (P2.x) FUNCTION ADCI0AEO.Y T I PZZIZESLEII'X'X: .
P2.4 (1/0) 0 0 1:0;0: 1 0
P2.4/TA0.2/A4/ Timer0_A3.TA2 0 0 1 1
Vaer+/Verer /CAL ANV per Neqer. 1 0 x X
CAl 0 1 X X
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6.8 Port P2 Pin Schematic: P2.5, Input/Output With Schmitt Trigger

I Pad Logic-|

To Comparator

From Comparator

CAPD.x —
ToDCO — |
finoco | | \Di
DCOR —+————
P2REN.x ®
DVSS— 0
o—
pvec— 1 1
P2DIR.5 Direction
0: Input
1: Output

P2.5/ROSC/CA5

0
1
P20UT.5 N\
Module X OUT

P2SEL.x
P2IN.5 4

EN
Module X IN < < b

 p2ES[ el | L
P2IRQ.9 a

Set

Bus
Keeper
EN

Sk

P2IFG.5

P2SEL.5 =—]
Interrupt

Edge Select

P2IES.5 »—

Table 23. Port P2 (P2.5) Pin Functions

CONTROL BITS AND SIGNALS®
PIN NAME (P2.x) X FUNCTION P2SEL 5
CAPD.5 DCOR P2DIR.5 e
P2.5 (I/0) 0 0 1:0,0: 1 0
R 0 1 X X
P2.5/Rosc/CAS 5 oS¢
DVSS 0 0 1 1
CA5® 1 0 X X

(1) X =Don'tcare

(2) Setting the CAPD.x bit disables the output driver as well as the input to prevent parasitic cross currents when applying analog signals.
Selecting the CAx input to the comparator multiplexer with the P2CAx bits automatically disables the input buffer for that pin, regardless
of the state of the associated CAPD.x bit.
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6.9 Port P2 Pin Schematic: P2.6, Input/Output With Schmitt Trigger

BCSCTL3.LFXT1Sx = 11
LFXT1 off P2.7/XOUT/CA7

P2.6/XIN/CA6

P2SEL.6
P2IN.6 <

EN
Module X IN < Sl

| P2IE6| gy | | 1
P2IRQ.G{ R
I Q
Set
P2IFG.6

P2SEL.6 ™| Interrupt
P2IES.6 =—Edge Select

L /I
0
LFXT1CLK « ‘L \I
1
I Pad Logic |
To Comparator ! i
From | |
Comparator [\
P2SEL.7 ’_f / ! I
I I
CAPD.6 '—_Z> I |
=9 I I
*— I
P2REN.6 I
| pvss— 0 I
|
pvce 11
P2DIR.6 0 Direction | |
0: Input D_
) 1: Output I ’_-8 ;l
[
P20UT.6 \ | |
Module X OUT |
. |
I
I
I
|

|

L

I

Bus I

Keeper ﬁ

EN |

|

I

I

Table 24. Port P2 (P2.6) Pin Functions

CONTROL BITS AND SIGNALS®
PIN NAME (P2.x) X FUNCTION P2SEL.6
CAPD.6 P2DIR.6 P2SEL2.% = 0
P2.6 (1/0) 0 1:0;0:1 0
P2.6/XIN/CAG 6 XIN (default) X 1 1
CA6® 1 X 0

(1) X =Don't care

(2) Setting the CAPD.x bit disables the output driver as well as the input to prevent parasitic cross currents when applying analog signals.
Selecting the CAx input to the comparator multiplexer with the P2CAx bits automatically disables the input buffer for that pin, regardless
of the state of the associated CAPD.x bit.
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6.10 Port P2 Pin Schematic: P2.7, Input/Output With Schmitt Trigger

BCSCTL3.LFXT1Sx = 11

LFXT1 off

From P2.6/XIN

L1
0

LFXT1CLK < *L
1

—

P2.6/XIN/CA6

I Pad Logic 1
To Comparator } qu |
From | |
Comparator i |
P2SEL.6 — ) | |
| |
cneo7 ) > |
| |
P2REN.7 ® I |
DVSS— 0 |
I o—
| DVC 1]
P2DIR.7 0 Direction | |
0: Input :8:)—
y 1: Output | g
T
P20UT.7 N | I
Module X OUT I l/ I
| |  P27ixouT/ICAT
P2SEL.7 Bus
) | Keeper |
P2IN.7 < | EN [
EN | l |
Module X IN < < b | $ :
| p2iE7[ N | I_ _________ _,
P2IRQ.N {
l Q
Set
P2IFG.7
P2SEL.7%— Interrupt
P2IES.7m—Edge Select|
Table 25. Port P2 (P2.7) Pin Functions
CONTROL BITS AND SIGNALS®
PIN NAME (P2.x) X FUNCTION P2SEL.7
CAPD.7 P2DIR.7 :
P2SEL2x =0
P2.7 (/0) 0 110,0:1 0
P2.7/XOUT/CA7 7 | XOUT (default) X 1 1
CA7®@ 1 X 0

(1) X =Don'tcare

(2) Setting the CAPD.x bit disables the output driver as well as the input to prevent parasitic cross currents when applying analog signals.
Selecting the CAXx input to the comparator multiplexer with the P2CAXx bits automatically disables the input buffer for that pin, regardless
of the state of the associated CAPD.x bit.
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6.11 Port P3 Pin Schematic: P3.0, Input/Output With Schmitt Trigger

I'__________,I
I Pad Logic
To ADC10 ' {)ﬁ I
INCHx = y i |
ADC10AEQ.y = | I
P3REN.x I I
DVSS 0 I
| 0o
DVC I
I 1 I
P3DIR.x 0 Direction | |
Module 0: Input D_
direction A 1: Output | ’—_8 § |
‘ |
P30UT.x \ |
T
Module X OUT LT
I | P3.0IUCBOSTE/
P3SEL x | Bus UCAOCLK/AS5
Keeper | —X ; ‘ |
P3IN.x < | EN |
L i: |
Table 26. Port P3 (P3.0) Pin Functions
CONTROL BITS AND SIGNALS®
PIN NAME (P3.x X FUNCTION
(29 ADCIOAEOY |  P3DIRX | paoooolX
P3.0 (1/0) 0 10;0: 1 0
P3.0/UCBOSTE/ @
UCAOCLK/A5 0 UCBOSTE/UCAOCLK 0 X 1
A5 1 X X
(1) X =Don't care
(2) The pin direction is controlled by the USCI module.
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6.12 Port P3 Pin Schematic: P3.1 to P3.5, Input/Output With Schmitt Trigger

| Pad Logic.|
P3REN.x ® | |
| DVSS— 0 |
O_
| DVCC 1] |
P3DIR.x 0 Direction |
Module 1 0: Input | 3—
direction 1: Output I —Q § |
T
P30UTx B . : i
Module X OUT L | P3.1/UCBOSIMO/UCBOSDA
| 5 P3.2/UCBOSOMI/UCBOSCL
P3SEL.x ® Koo | P3.3/UCBOCLK/UCAOSTE
| eg,ger P3.4/UCAOTXD/UCA0SIMO
P3IN.x < | i | P3.5/UCAORXD/UCAOSOMI
o | 5
Moduie xiN<—] <] 0]
Table 27. Port P3 (P3.1 to P3.5) Pin Functions
CONTROL BITS AND
PIN NAME (P3.x) X FUNCTION SIGNALS®
P3DIR.x P3SEL.x
P3.1/UCBOSIMO/ . |3t (o) 110;0:1 0
UCBOSDA UCBOSIMO/UCBOSDA®R®) X 1
P3.2/UCBOSOMI/ 2 P3.2 (|/0) I 0; O:1 0
UCBOSCL UCBOSOMI/UCBOSCL®®) X 1
P3.3/UCBOCLK/ 5 |33 (7o) 1:0;0:1 0
UCAOSTE UCBOCLK/UCAOSTE® X 1
P3.4/UCAOQTXD/ 4 P3.4 (I/0) 1:0;0:1 0
UCAQSIMO UCAOTXD/UCAOSIMO®@ X 1
P3.5/UCAORXD/ 5 P3.5 (1/0) 1:0;0:1 0
UCAOSOMI UCAORXD/UCAOSOMI@ X 1

(1) X =Don't care

(2) The pin direction is controlled by the USCI module.

(3) If the 12C functionality is selected, the output drives only the logical 0 to Vgg level.
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6.13 Port P3 Pin Schematic: P3.6 and P3.7, Input/Output With Schmitt Trigger

Fr————— — = — — =
I Pad Logic |
To ADC10 t {)f} I
INCHx = y I |
ADC10AEQ.y ® | I
P3REN.x | |
DVSS— 0 J/ |
| o1
| DVCC
P3DIR.x 0 Direction ! |
0: Input ;g; )—
y 1: Output | |
! |
P30UT.x § |
1
Module X OUT | v : P3.6/TAO_1/A6
P3SEL.x I Bus 4@ P3.7/TA1_1/A7
Keeper |
P3IN.x < | EN |
=
Table 28. Port P3 (P3.6 and P3.7) Pin Functions
CONTROL BITS AND SIGNALS®
PIN NAME (P3.x) X FUNCTION
ADC10AEQ.y P3DIR.x P3SEL .
P3.6 (1/0) 0 110,01 0
Timer1l_A2.TAO 0 1 1
P3.6/TAL.0/A6 6
Timerl_A2.CCIOB 0 0 1
A6 1 X X
P3.7 (1/0) 0 110;0: 1 0
Timerl_A2.TA1 0 1 1
P3.7/TAL.LAT 7 -
Timer1l_A2.CCI1A 0 0 1
A7 1 X X

(1) X =Don'tcare
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6.14 JTAG Fuse Check Mode

Devices that have the fuse on the TEST terminal have a fuse check mode that tests the continuity of the fuse the
first time the JTAG port is accessed after a power-on reset (POR). When activated, a fuse check current, It¢ , of
1mAat3V, 2.5 mAat5V can flow from the TEST pin to ground if the fuse is not burned. Care must be taken to
avoid accidentally activating the fuse check mode and increasing overall system power consumption.

When the TEST pin is again taken low after a test or programming session, the fuse check mode and sense
currents are terminated.

Activation of the fuse check mode occurs with the first negative edge on the TMS pin after power up or if TMS is
being held low during power up. The second positive edge on the TMS pin deactivates the fuse check mode.
After deactivation, the fuse check mode remains inactive until another POR occurs. After each POR the fuse
check mode has the potential to be activated.

The fuse check current flows only when the fuse check mode is active and the TMS pin is in a low state (see
Figure 32). Therefore, the additional current flow can be prevented by holding the TMS pin high (default
condition).

Time TMS Goes Low After POR i

TMS I_

TF

ITEST ——————————————————

Figure 32. Fuse Check Mode Current

NOTE
The CODE and RAM data protection is ensured if the JTAG fuse is blown and the 256-bit
bootloader access key is used. Also, see the Bootstrap Loader section for more
information.
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7 Device and Documentation Support

7.1 Receiving Notification of Documentation Updates

To receive naotification of documentation updates, navigate to the device product folder on ti.com. In the upper
right corner, click on Alert me to register and receive a weekly digest of any product information that has
changed. For change details, review the revision history included in any revised document.

7.2 Community Resources

The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute Tl specifications and do not necessarily reflect TI's views; see TI's Terms of
Use.

TI E2E™ Online Community TlI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support TlI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

7.3 Trademarks

E2E is a trademark of Texas Instruments.
All other trademarks are the property of their respective owners.

7.4 Electrostatic Discharge Caution

This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled with
appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

‘m ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may be more
susceptible to damage because very small parametric changes could cause the device not to meet its published specifications.
7.5 Glossary

SLYZ022 — Tl Glossary.
This glossary lists and explains terms, acronyms, and definitions.
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8 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
I Drawing Qty @ (6) (3) (4/5)
MSP430F2132QRHBREP ACTIVE VQFN RHB 32 3000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR  -40to 125 F2132Q Samnles
& no ShiBr) RHBEP P
MSP430F2132QRHBTEP ACTIVE VQFN RHB 32 250 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR  -40to 125 F2132Q Samnles
& no SbiBr) RHBEP P
V62/13624-01XE ACTIVE VQFN RHB 32 250 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR  -40to 125 F2132Q Samnles
& no SbiBr) RHBEP P
V62/13624-01XE-R ACTIVE VQFN RHB 32 3000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR  -40to 125 F2132Q Samnles
& no Sb/Br) RHBEP P

@ The marketing status values are defined as follows:
ACTIVE: Product device recommended for new designs.
LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.

PREVIEW: Device has been announced but is not in production. Samples may or may not be available.
OBSOLETE: Tl has discontinued the production of the device.

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

reference these types of products as "Pb-Free".

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

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

flame retardants must also meet the <=1000ppm threshold requirement.

® MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.

@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation

of the previous line and the two combined represent the entire Device Marking for that device.

® Lead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the finish

value exceeds the maximum column width.

Important Information and Disclaimer: The information provided on this page represents Tl's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
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continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.

OTHER QUALIFIED VERSIONS OF MSP430F2132-EP :
o Catalog: MSP430F2132

NOTE: Qualified Version Definitions:

o Catalog - Tl's standard catalog product
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
i |
& go W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O QfSprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 4
T
=
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
MSP430F2132QRHBREP| VQFN RHB 32 3000 330.0 12.4 5.3 5.3 15 8.0 12.0 Q2
MSP430F2132QRHBTEP| VQFN RHB 32 250 180.0 12.4 5.3 53 1.5 8.0 12.0 Q2

Pack Materials-Page 1
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TAPE AND REEL BOX DIMENSIONS
At
4
-
// S
/\g\ /)i\
. 7
\\ /
. P -
e e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
MSP430F2132QRHBREP VQFN RHB 32 3000 367.0 367.0 35.0
MSP430F2132QRHBTEP VQFN RHB 32 250 210.0 185.0 35.0

Pack Materials-Page 2



GENERIC PACKAGE VIEW
RHB 32 VQFN - 1 mm max height

5x 5, 0.5 mm pitch PLASTIC QUAD FLATPACK - NO LEAD

Images above are just a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.
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PACKAGE OUTLINE
RHBO0O32E VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

< 5.1 B
[A] ) s 8]
____A
PIN 1 INDEX AREA—]
5.1
4.9

}
1 MAX
+ o N e O e [P [ g P e N e e
0.05 J‘
0.00
2x[35
| H3.45£0.1 —= — 0.2) TYP
9 i 415 o | 16 EXPOSED ﬁ
28x[05] HRURURVHURUAUAH THERMAL PAD Dj
= 4 » 17
o | -
- ‘ -
2X
ay B2l e G spw
:) ! C
- ! - L 32 03
7 :7 | (s 0.1 [c[A[B
! &
! 0.050 [C
hnnnnnnn| cciil
32 w =
PIN 11D SYMM
(OPTIONAL) 12x 08 J *

4223442/A 11/2016

NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

2. This drawing is subject to change without notice.

3. The package thermal pad must be soldered to the printed circuit board for thermal and mechanical performance.

i
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EXAMPLE BOARD LAYOUT
RHBO0O32E VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

[3.45)
SYMM
32 25

~ 00800

1
1 |
32X (0.25) j 77777 o

|
j; #
28X (0.5) |

D
)
oy
Py 2
-
1)
i

24

(1.475)

(4.8)

(©0.2) TYP 92/

VIA [I]
1

17

|
|
|
|
|
|
| ‘
I

(R0.05) | ‘
TYP |
| | ‘
‘ 16 !
‘ (1.475) ‘ ‘
(4.8) |
LAND PATTERN EXAMPLE
SCALE:18X
0.07 MAX 0.07 MIN
ALL AROUND ALL AROUND
Pt SOLDER MASK
METAL | fOPENING
! 1
| |
| }
\SOLDER MASK l NMETAL UNDER
OPENING ~ 7 SOLDER MASK
NON SD%II_ZIIDI\IIESDMASK SOLDER MASK
DEFINED

(PREFERRED)
SOLDER MASK DETAILS

4223442/A 11/2016

NOTES: (continued)

4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature
number SLUA271 (www.ti.com/lit/slua271).

5. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown
on this view. It is recommended that vias under paste be filled, plugged or tented.
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EXAMPLE STENCIL DESIGN
RHBO0O32E VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

le— 4X (J1.49) —~

(R0.05) TYP (0 845)
o [ J G [ G D

- % | N CD24
32X(0.25)T@ ¢ ! C:j
| |
28X—4(OT ! ! ‘ (0.845)
EE}@, 331{}A*[IJSYMM
T
|
| |
L 0 —,
| | B
O B R0 iy e s a
i SYI‘\AM °
! ¢
B (4.9

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

EXPOSED PAD 33:

75% PRINTED SOLDER COVERAGE BY AREA UNDER PACKAGE
SCALE:20X

4223442/A 11/2016

NOTES: (continued)

6. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with TI products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, or other requirements. These resources are subject to change without notice. Tl grants you
permission to use these resources only for development of an application that uses the Tl products described in the resource. Other
reproduction and display of these resources is prohibited. No license is granted to any other Tl intellectual property right or to any third
party intellectual property right. Tl disclaims responsibility for, and you will fully indemnify Tl and its representatives against, any claims,
damages, costs, losses, and liabilities arising out of your use of these resources.

TI's products are provided subject to TI's Terms of Sale (www.ti.com/legal/termsofsale.html) or other applicable terms available either on
ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable
warranties or warranty disclaimers for TI products.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2019, Texas Instruments Incorporated
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