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Low Supply-Voltage Range, 1.8 V10 3.6 V

Ultralow-Power Consumption:

- Active Mode: 300 uA at 1 MHz, 2.2V
- Standby Mode: 1.1 uA

- Off Mode (RAM Retention): 0.1 uA

Five Power Saving Modes

Wake-Up From Standby Mode in Less
Than 6 us

16-Bit RISC Architecture,

125-ns Instruction Cycle Time
Single-Channel Internal DMA

12-Bit A/D Converter With Internal

Reference, Sample-and-Hold and
Autoscan Feature

16-Bit Timer_A With Three
Capture/Compare Registers

16-Bit Timer_B With Three
Capture/Compare-With-Shadow Registers
On-Chip Comparator

Serial Communication Interface (USART),

Select Asynchronous UART or
Synchronous SPI by Software

description

Brownout Detector

Supply Voltage Supervisor/Monitor With
Programmable Level Detection

Bootstrap Loader

Serial Onboard Programming,

No External Programming Voltage Needed
Programmable Code Protection by Security
Fuse

Integrated LCD Driver for Up to
128 Segments

Family Members Include:

- MSP430F438:
48KB+256B Flash Memory,
2KB RAM

- MSP430F439:
60KB+256B Flash Memory,
2KB RAM

For Complete Module Descriptions, See
The MSP430x4xx Family User’s Guide,
Literature Number SLAU056

The Texas Instruments MSP430 family of ultralow power microcontrollers consists of several devices featuring
different sets of peripherals targeted for various applications. The architecture, combined with five low-power
modes, is optimized to achieve extended battery life in portable measurement applications. The device features
a powerful 16-bit RISC CPU, 16-bit registers, and constant generators that contribute to maximum code
efficiency. The digitally controlled oscillator (DCO) allows wake-up from low-power modes to active mode in less
than 6us.

The MSP430F43x series are microcontroller configurations with two 16-bit timers, a high performance 12-bit
A/D converter, one universal synchronous/asynchronous communication interface (USART), DMA, 48 1/0O pins,
and a liquid crystal display (LCD) driver.

Typical applications for this device include analog and digital sensor systems, digital motor control, remote
controls, thermostats, digital timers, hand-held meters, etc.

A 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. ESD damage canrange

‘ fﬁ I\ 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. These devices have limited
built-in ESD protection.

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of Texas Instruments

y. Pr
testing of all parameters.

Copyright © 2010, Texas Instruments Incorporated
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AVAILABLE OPTIONS

PACKAGED DEVICES

Ta PLASTIC 80-PIN QFP
(PN)

MSP430F438IPN

-40°C to 85°C MSP430F4391PN

T For the most current package and ordering information, see the Package Option Addendum at the end

of this document, or see the Tl web site at www.ti.com.

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

pin designation, MSP430F438IPN, MSP430F439IPN

[] P1.7/CA1

] P2.0/TA2

[] P2.1/TBO

] P2.2/TB1

] P2.3/TB2

] P2.4/UTXDO

] P2.5/URXDO

] DVss2

] DVeee

] P5.7/R33

] P5.6/R23

] P5.5/R13

] RO3

] P5.4/COM3

] P5.3/COM2

] P5.2/COM1

[] cCOMO

] P3.0/STE0/S31
] P3.1/SIMO0/S30
] P3.2/SOMI0/S29
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functional block diagram

XIN  XOouT

DVeciz DVss12 AVee

AVgg

P1 P2 P3 P4 P5 P6

8 8 8 8 8 8
,_?_____ Ll __fe_ g e L e fE
- AcLk |

XT2IN —l-}— ,
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Flls 1L smewk Port 3 Port 4 Port 5 Port 6
| 60KB oKB 12-Bitt 81/0 8 1/0 |

MCLK 48KB 12 Channels Interrupt Interrupt 81/0 81/0 81/0 81/0
| <10us Conv. Capability | | Capability |
| 8 MHz MAB l
| CPU |
| incl. 16 |
| Registers MDB l
I |
| Mocklo. DMA Watchdog | Timer_B3 Basic LCD USARTO |

POR/ Timer Timer_A3 Timer 1
Controller Comparator | 128
| SVs/ woT 8 CC Reg A Segments | | UART Mode |
Brownout 1 Ghannel Shadow 3 CC Reg 1 Interrupt 1o 34 mux| | “sPI Mode
l JTAG 15/16-Bit Reg Vector _'” "~ l
| Interface |
f
I.________4______________________LCD__________.I
RST/NMI
lui
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Terminal Functions

TERMINAL
PN 1o DESCRIPTION
NAME NO.
DVeet 1 Digital supply voltage, positive terminal.
P6.3/A3 2 1/0 | General-purpose digital I/O / analog input a3—12-bit ADC
P6.4/A4 3 1/0 | General-purpose digital I/O / analog input a4—12-bit ADC
P6.5/A5 4 1/0 | General-purpose digital I/O / analog input a5—12-bit ADC
P6.6/A6 5 1/0 | General-purpose digital I/O / analog input a6—12-bit ADC
P6.7/A7/SVSIN 6 1/0 | General-purpose digital 1/0 / analog input a7—12-bit ADC / analog input to supply voltage
supervisor
VREE+ 7 O | Positive output terminal of the reference voltage in the ADC
XIN 8 | Input terminal of crystal oscillator XT1
XOouT 9 O | Output terminal of crystal oscillator XT1
VeRer: 10 1/0 | Positive input terminal for an external reference voltage to the 12-bit ADC
Vegr_/Verer. 11 | Negative terminal for the 1 2-bit ADC reference voltage for. both sources, the internal reference
voltage or an external applied reference voltage to the 12-bit ADC.

P5.1/S0/A12 12 1/0 | General-purpose digital I/O / LCD segment output 0/ analog input a12—12-bit ADC
P5.0/S1/A13 13 1/0 | General-purpose digital I/O / LCD segment output 1/ analog input a13—12-bit ADC
P4.7/S2/A14 14 1/0 | General-purpose digital /0 / LCD segment output 2/ analog input a14—12-bit ADC
P4.6/S3/A15 15 1/0 | General-purpose digital I/O / LCD segment output 3/ analog input a15—12-bit ADC
P4.5/S4 16 1/0 | General-purpose digital I/O / LCD segment output 4
P4.4/S5 17 1/0 | General-purpose digital I/O / LCD segment output 5
P4.3/S6 18 1/0 | General-purpose digital I/O / LCD segment output 6
P4.2/S7 19 1/0 | General-purpose digital I/O / LCD segment output 7
P4.1/S8 20 1/0 | General-purpose digital I/O / LCD segment output 8
P4.0/S9 21 1/0 | General-purpose digital I/O / LCD segment output 9
S10 22 O | LCD segment output 10
S11 23 O | LCD segment output 11
S12 24 O | LCD segment output 12
S13 25 O | LCD segment output 13
S14 26 O | LCD segment output 14
S15 27 O | LCD segment output 15
S16 28 O | LCD segment output 16
S17 29 O | LCD segment output 17
P2.7/ADC12CLK/S18 30 1/0 | General-purpose digital I/O / conversion clock—12-bit ADC / LCD segment output 18
P2.6/CAOUT/S19 31 1/0 | General-purpose digital I/O / Comparator_A output / LCD segment output 19
S20 32 O | LCD segment output 20
S21 33 O | LCD segment output 21
S22 34 O | LCD segment output 22
S23 35 O | LCD segment output 23
P3.7/S24 36 1/0 | General-purpose digital /0 / LCD segment output 24
P3.6/S25/DMAEO 37 1/0 | General-purpose digital /0 / LCD segment output 25/DMA Channel 0 external trigger
P3.5/S26 38 1/0 | General-purpose digital /0 / LCD segment output 26
P3.4/S27 39 1/0 | General-purpose digital /0 / LCD segment output 27
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Terminal Functions (Continued)

TERMINAL
PN 1o DESCRIPTION
NAME NO.

P3.3/UCLKO0/S28 40 /o /Gl_eggrzle-gumrsstsgftiéﬂtta;go / ext. clock i/p—USARTO/UART or SPI mode, clock o/p—USARTO/SPI mode
P3.2/SOMI0/S29 41 1/0 | General-purpose digital I/O / slave out/master in of USARTO/SPI mode / LCD segment output 29
P3.1/SIMO0/S30 42 1/0 | General-purpose digital I/O / slave out/master out of USARTO/SPI mode / LCD segment output 30
P3.0/STE0/S31 43 1/0 | General-purpose digital I/O / slave transmit enable-USARTO/SPI mode / LCD segment output 31
CcOoMo 44 O | Common output, COMO0-3 are used for LCD backplanes.
P5.2/COM1 45 1/0 | General-purpose digital I/0O / common output, COMO0-3 are used for LCD backplanes.
P5.3/COM2 46 1/0 | General-purpose digital I/O / common output, COMO0-3 are used for LCD backplanes.
P5.4/COM3 47 1/0 | General-purpose digital I/0O / common output, COMO0-3 are used for LCD backplanes.
R0O3 48 | Input port of fourth positive (lowest) analog LCD level (V5)
P5.5/R13 49 1/0 | General-purpose digital I/O / input port of third most positive analog LCD level (V4 or V3)
P5.6/R23 50 1/0 | General-purpose digital 1/0 / input port of second most positive analog LCD level (V2)
P5.7/R33 51 1/0 | General-purpose digital I/O / output port of most positive analog LCD level (V1)
DVceo 52 Digital supply voltage, positive terminal.
DVss» 53 Digital supply voltage, negative terminal.
P2.5/URXDO 54 1/0 | General-purpose digital I/O / receive data in—USARTO/UART mode
P2.4/UTXD0O 55 1/0 | General-purpose digital I/O / transmit data out—USARTO/UART mode
S B
P2.2/TB1 57 Vo gzgt?;fel:-%lgl)?zjjcd(l)?;tgl |Ir<gu/tT ::Tirr?a%z:cocu? -output
P2.1/TB0 % | 10| Copture: CLIOAIGOI0B inpu, compare: Ot cutput
P2OTA2 59 | 10 | C2otirer GCioA impet,compare: O output
P1.7/CA13 60 1/0 | General-purpose digital I/0 / Comparator_A input
P1.6/CA0 61 1/0 | General-purpose digital /0 / Comparator_A input
P1.5/TACLK/ 62 e General-purpos.e.digital I/0 / Timer_A, clock signal TACLK input /
ACLK ACLK output (divided by 1, 2, 4, or 8)
g;/i?:{rl(BCLK/ 63 1/0 | General-purpose digital I/0 / input clock TBCLK—Timer_B3 / submain system clock SMCLK output
P1.3/TBOUTH/ 64 e General-purpose digital /0 / switch all PWM digital output ports to high impedance—Timer_B3 TBO to TB2
SVSOUT / SVS: output of SVS comparator
P1.2/TA1 65 1/0 | General-purpose digital I/O / Timer_A, Capture: CCIHA, compare: Out1 output
P1.1/TAO/MCLK 66 /o gtnar}eéeéll-_pruerggiiz digital /0O / Timer_A. Capture: CCIOB / MCLK output. Note: TAQ is only an input on this
P1.0/TAO 67 1/0 | General-purpose digital I/O / Timer_A. Capture: CCIOA input, compare: Out0 output / BSL transmit
XT20UT 68 O | Output terminal of crystal oscillator XT2
XT2IN 69 | Input port for crystal oscillator XT2. Only standard crystals can be connected.
TDO/TDI 70 1/0 | Test data output port. TDO/TDI data output or programming data input terminal
TDI/TCLK 71 | Test data input or test clock input. The device protection fuse is connected to TDI/TCLK.
T™S 72 | Test mode select. TMS is used as an input port for device programming and test.
TCK 73 | Test clock. TCK is the clock input port for device programming and test.

‘9 TeEXAS
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Terminal Functions (Continued)

TERMINAL
PN 10 DESCRIPTION
NAME NO.
RST/NMI 74 | Reset or nonmaskable interrupt input
P6.0/A0 75 I/0 | General-purpose digital I/O / analog input a0 - 12-bit ADC
P6.1/A1 76 I/0 | General-purpose digital I/O / analog input a1 - 12-bit ADC
P6.2/A2 77 I/0 | General-purpose digital I/O / analog input a2 - 12-bit ADC
AVss 78 Analog supply Yoltagg, neggtivg terminal. Supplies SVS, brownout, oscillator, comparator_A, port 1,
and LCD resistive divider circuitry.
DVssq 79 Digital supply voltage, negative terminal.
AVoe 80 Analog supplly Yoltagg, posi.tive‘ter'minal. Supplies SVS, prownout, oscillator, comparator_A, port 1,
and LCD resistive divider circuitry; must not power up prior to DVc1/DVgge.
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short-form description

The MSP430 CPU has a 16-bit RISC architecture
that is highly transparent to the application. All
operations, other than program-flow instructions,
are performed as register operations in
conjunction with seven addressing modes for
source operand and four addressing modes for
destination operand.

The CPU is integrated with 16 registers that
provide reduced instruction execution time. The
register-to-register operation execution time is
one cycle of the CPU clock.

Four of the registers, RO to R3, are dedicated as
program counter, stack pointer, status register,
and constant generator respectively. The

| Program Counter PC/RO

| Stack Pointer SP/R1

| Status Register SR/CG1/R2
| Constant Generator CG2/R3

| General-Purpose Register R4

| General-Purpose Register R5

| General-Purpose Register R6

| General-Purpose Register R7

| General-Purpose Register | R8

remaining registers are general-purpose
registers. | General-Purpose Register | R9
Peripherals are connected to the CPU using data, | General-Purpose Register | R10
address, and control buses, and can be handled
with all instructions. | General-Purpose Register | R11
instruction set
| General-Purpose Register R12
The instruction set consists of 51 instructions with
three formats and seven address modes. Each | General-Purpose Register | R13
instruction can operate on word and byte data. -
Table 1 shows examples of the three types of | General-Purpose Register | Rta
instruction formats; Table 2 shows the address | General-Purpose Register | R15
modes.
Table 1. Instruction Word Formats
Dual operands, source-destination e.g. ADD R4,R5 R4 + R5 --->R5
Single operands, destination only e.g. CALL RS PC -->(TOS), R8--> PC
Relative jump, un/conditional e.g. JNE Jump-on-equal bit = 0
Table 2. Address Mode Descriptions
ADDRESS MODE |S |D SYNTAX EXAMPLE OPERATION
Register o MOV Rs,Rd MOV R10,R11 R10 —> R
Indexed o0 MOV X(Rn),Y (Rm) MOV 2(R5),6(R6) M(2+R5)—> M(6+R6)
Symbolic (PC relative) | @ | @ MOV EDE, TONI M(EDE) —> M(TONI)
Absolute ®|(®| MOV &MEM, &TCDAT M(MEM) —> M(TCDAT)
Indirect o MOV @Rn,Y(Rm) MOV @R10,Tab(R6) M(R10) —> M(Tab+R6)
Indirect M(R10) — R11
autoincrement o MOV @Rn+,Rm MOV @R10+,R11 R10 + 2—> R10
Immediate o MOV #X,TONI MOV #45,TONI #45 —> M(TONI)

NOTE: S = source

D = destination

‘4? TEXAS
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operating modes

The MSP430 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
® | ow-power mode 0 (LPMO)
- CPUis disabled
- ACLK and SMCLK remain active, MCLK is disabled
- FLL+ loop control remains active
® | ow-power mode 1 (LPM1)
- CPUis disabled
- FLL+ loop control is disabled
- ACLK and SMCLK remain active, MCLK is disabled
® [ow-power mode 2 (LPM2)
- CPUis disabled
- MCLK, FLL+ loop control, and DCOCLK are disabled
- DCO’s dc-generator remains enabled
- ACLK remains active
® | ow-power mode 3 (LPM3)
- CPUis disabled
- MCLK, FLL+ loop control, and DCOCLK are disabled
- DCO’s dc-generator is disabled
- ACLK remains active
® [ow-power mode 4 (LPM4)
- CPUis disabled
- ACLK s disabled
- MCLK, FLL+ loop control, and DCOCLK are disabled
- DCO’s dc-generator is disabled

- Crystal oscillator is stopped

‘4‘ TeEXAS
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interrupt vector addresses

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

INTERRUPT SOURCE INTERRUPT FLAG SYSTEM INTERRUPT WORD PRIORITY
ADDRESS
Power-Up WDTIFG Reset OFFFEh 15, highest
External Reset KEYV
Watchdog (see Note 1)
Flash Memory
NMI NMIIFG (see Notes 1 and 3) (Non)maskable
Oscillator Fault OFIFG (see Notes 1 and 3) (Non)maskable OFFFCh 14
Flash Memory Access Violation ACCVIFG (see Notes 1 and 3) (Non)maskable
Timer_B3 TBCCRO CCIFGO (see Note 2) Maskable OFFFAh 13
) TBCCR1 CCIFG1, TBCCR2 CCIFG2,
Timer_B3 TBIFG (see Notes 1 and 2) Maskable OFFF8h 12
Comparator_A CAIFG Maskable OFFF6h 11
Watchdog Timer WDTIFG Maskable OFFF4h 10
USARTO Receive URXIFGO Maskable OFFF2h 9
USARTO Transmit UTXIFGO Maskable OFFFOh 8
ADC12 ADC12IFG (see Notes 1 and 2) Maskable OFFEEh 7
Timer_A3 TACCRO CCIFGO (see Note 2) Maskable OFFECh 6
) TACCR1 CCIFG1 and TACCR2 CCIFG2,
Timer_A3 TAIFG (see Notes 1 and 2) Maskable OFFEAh 5
I/O Port P1 (Eight Flags) P1IFG.0 to P1IFG.7 (see Notes 1 and 2) Maskable OFFE8h 4
DMA DMAOIFG (see Notes 1 and 2) Maskable OFFE6h 3
OFFE4h 2
I/O Port P2 (Eight Flags) P2IFG.0 to P2IFG.7 (see Notes 1 and 2) Maskable OFFE2h 1
Basic Timer1 BTIFG Maskable OFFEOh 0, lowest

NOTES: 1. Multiple source flags
2. Interrupt flags are located in the module.
3. (Non)maskable: the individual interrupt-enable bit can disable an interrupt event, but the general-interrupt enable cannot disable
it.

‘4‘ TeEXAS
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special function registers

The MSP430 special function registers(SFR) are located in the lowest address space and are organized as byte
mode registers. SFRs should be accessed with byte instructions.

interrupt enable 1 and 2

Address 7 6 5 4 3 2 1 0
oh UTXIEO URXIEO ACCVIE NMIIE OFIE WDTIE
rw-0 rw-0 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 as a general-purpose timer.
OFIE: Oscillator fault interrupt enable
NMIIE: Nonmaskable interrupt enable
ACCVIE: Flash access violation interrupt enable
URXIEO: USARTO: UART and SPI receive-interrupt enable
UTXIEO: USARTO: UART and SPI transmit-interrupt enable
Address 7 6 5 4 3 2 1 0
o1h BTIE
rw-0
BTIE: Basic timer interrupt enable

interrupt flag register 1 and 2

Address 7 6 5 4 1 0
02h UTXIFGO | URXIFGO NMIIFG OFIFG WDTIFG
rw-1 rw-0 rw-0 rw-1 rw—(0)
WDTIFG:  Set on watchdog timer overflow (in watchdog mode) or security key violation
Reset on Vg power-on or a reset condition at the RST/NMI pin in reset mode

OFIFG: Flag set on oscillator fault

NMIIFG: Set via RST/NMI pin

URXIFGO: USARTO: UART and SPI receive flag

UTXIFGO: USARTO: UART and SPI transmit flag
Address 7 6 5 4 3 2 1 0
03h BTIFG

rw-0
BTIFG: Basic timer flag

‘4‘ TeEXAS
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module enable registers 1 and 2

Address 7 6 5 4 3 2 1 0
UTXEO URXEO
04h USPIEO
rw-0 rw-0
URXEQ: USARTO: UART mode receive enable
UTXEQO: USARTO: UART mode transmit enable
USPIEO: USARTO: SPI mode transmit and receive enable
Address 7 6 5 4 3 2 1 0
05h
Legend: rw: 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.
I:I SFR Bit Not Present in Device
memory organization
MSP430F438 MSP430F439
Memory Size 48KB 60KB
Main: interrupt vector Flash OFFFFh - OFFEOh OFFFFh - OFFEOh
Main: code memory Flash OFFFFh - 04000h OFFFFh - 01100h
Information memory Size 256 Byte 256 Byte
Flash 010FFh - 01000h 010FFh - 01000h
Boot memory Size 1KB 1KB
ROM OFFFh - 0C00h OFFFh - 0C00h
RAM Size 2KB 2KB
09FFh - 0200h 09FFh - 0200h
Peripherals 16-bit 01FFh - 0100h 01FFh - 0100h
8-bit OFFh - 010h OFFh - 010h
8-bit SFR OFh - 00h OFh - 00h

bootstrap loader (BSL)

The MSP430 bootstrap loader (BSL) enables users to program the flash memory or RAM using a UART serial
interface. Access to the MSP430 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 Memory Programming User’s

Guide (SLAU265).

BSL Function

PN Package Pins

Data Transmit 67 - P1.0
Data Receive 66 - P1.1
*i
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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 two segments of information memory (A and B) of
128 bytes each. Each segment in main memory is 512 bytes in size.

Segments 0 to n may be erased in one step, or each segment may be individually erased.

Segments A and B can be erased individually, or as a group with segments 0 to n.
Segments A and B are also called information memory.

New devices may have some bytes programmed in the information memory (needed for test during
manufacturing). The user should perform an erase of the information memory prior to the first use.

32KB 48KB 60KB
OFFFFh OFFFFh OFFFFh Segment 0
w/ Interrupt Vectors
OFEOOh OFEOOh OFE0Oh
OFDFFh OFDFFh OFDFFh Segment 1
OFCO0h OFCO00h OFCO00h
OFBFFh OFBFFh OFBFFh Segment 2
OFAO00h OFA00h OFA00h
OF9FFh OF9FFh OF9FFh Main
: Memory
- ° -
= 4 =
°

08400h 04400h 01400h
083FFh 043FFh 013FFh

Segment n-1
08200h 04200h 01200h
081FFh 041FFh 011FFh

Segment nt
08000h 04000h 01100h
010FFh 010FFh 010FFh

Segment A
01080h 01080h 01080h Information
0107Fh 0107Fh 0107Fh Memory
Segment B

01000h 01000h 01000h

T MSP430F439 flash segment n = 256 bytes.

12
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peripherals

Peripherals are connected to the CPU through data, address, and control busses and can be handled using
all instructions. For complete module descriptions, see the MSP430x4xx Family User’s Guide (SLAU056).

DMA controller

The DMA controller allows movement of data from one memory address to another without CPU intervention.
For example, the DMA controller can be used to move data from the ADC12 conversion memory to RAM. Using
the DMA controller can increase the throughput of peripheral modules. The DMA controller reduces system
power consumption by allowing the CPU to remain in sleep mode without having to awaken to move data to
or from a peripheral.

oscillator and system clock

The clock system in the MSP430F43x family of devices is supported by the FLL+ module that includes support
for a 32768-Hz watch crystal oscillator, an internal digitally-controlled oscillator (DCO), and a high-frequency
crystal oscillator. The FLL+ clock module is designed to meet the requirements of both low system cost and
low-power consumption. The FLL+ features digital frequency locked loop (FLL) hardware which in conjunction
with a digital modulator stabilizes the DCO frequency to a programmable multiple of the watch crystal frequency.
The internal DCO provides a fast turn-on clock source and stabilizes in less than 6 us. The FLL+ module
provides the following clock signals:

® Auxiliary clock (ACLK), sourced from a 32768-Hz watch crystal or a high-frequency crystal.
® Main clock (MCLK), the system clock used by the CPU.

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

® ACLK/n, the buffered output of ACLK, ACLK/2, ACLK/4, or ACLK/8.

brownout, supply voltage supervisor

The brownout circuit is implemented to provide the proper internal reset signal to the device during power-on
and power-off. The supply voltage supervisor (SVS) circuitry detects if the supply voltage drops below a user
selectable level and supports both supply voltage supervision (the device is automatically reset) and supply
voltage monitoring (SVM, the device is not automatically reset).

The CPU begins code execution after the brownout circuit releases the device reset. However, Ve may not
have ramped to Vocmin) at that time. The user must insure the default FLL+ settings are not changed until Ve
reaches Vccmin)- If desired, the SVS circuit can be used to determine when V¢ reaches Vg min)-

digital I/O

There are six 8-bit I/O ports implemented—ports P1 through P6:

® All individual I/O bits are independently programmable.

Any combination of input, output, and interrupt conditions is possible.
Edge-selectable interrupt input capability for all the eight bits of ports P1 and P2.
Read/write access to port-control registers is supported by all instructions.

Basic Timer1

The Basic Timer1 has two independent 8-bit timers which can be cascaded to form a 16-bit timer/counter. Both
timers can be read and written by software. The Basic Timer1 can be used to generate periodic interrupts and
clock for the LCD module.
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LCD drive

The LCD driver generates the segment and common signals required to drive an LCD display. The LCD
controller has dedicated data memory to hold segment drive information. Common and segment signals are
generated as defined by the mode. Static, 2-MUX, 3-MUX, and 4-MUX LCDs are supported by this peripheral.

watchdog timer

The primary function of the watchdog timer (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 configured as an interval timer and can generate
interrupts at selected time intervals.

USARTO

The MSP430F43x has one hardware universal synchronous/asynchronous receive transmit (USART)
peripheral module that is used for serial data communication. The USART supports synchronous SPI (3 or 4
pin) and asynchronous UART communication protocols, using double-buffered transmit and receive channels.

Timer_A3

Timer_AS3 is a 16-bit timer/counter with three capture/compare registers. Timer_A3 can support multiple
capture/compares, PWM outputs, and interval timing. Timer_A3 also has extensive interrupt capabilities.
Interrupts may be generated from the counter on overflow conditions and from each of the capture/compare

registers.
Timer_A3 Signal Connections
Input Pin Number Device Input Module Input Module Module Output | Output Pin Number
PN Signal Name Block Signal PN
62 -P1.5 TACLK TACLK
ACLK ACLK .
SMCLK SMCLK Timer NA
62 -P1.5 TACLK INCLK
67 - P1.0 TAO CCIOA 67 -P1.0
66 - P1.1 TAO CCloB
DVas GND CCRO TAO
DVce Vee
65-P1.2 TA1 CCHA 65-P1.2
CAOUT (internal) CCliB ADC12 (internal)
DVes GND CCR1 TA1
DVce Vee
59 - P2.0 TA2 CCI2A 59 - P2.0
ACLK (internal) CCl2B
DVas GND CCR2 TA2
DVce Vee
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Timer_B3

Timer_B3 is a 16-bit timer/counter with three capture/compare registers. Timer_B3 can support multiple
capture/compares, PWM outputs, and interval timing. Timer B3 also has extensive interrupt capabilities.
Interrupts may be generated from the counter on overflow conditions and from each of the capture/compare

registers.
Timer_B3 Signal Connections
Input Pin Number Device Input Module Input Module Module Output | Output Pin Number
PN Signal Name Block Signal PN
63-P1.4 TBCLK TBCLK
ACLK ACLK .
SMCLK SMCLK Timer NA
63-P1.4 TBCLK INCLK
58 - P2.1 TBO CCIOA 58 - P2.1
58 - P2.1 TBO CCloB ADC12 (internal)
Vs oD CCRO TBO
DVce Vee
57 -P2.2 TB1 CCHA 57 - P2.2
57 -P2.2 TB1 CCIiB ADC12 (internal)
Vs oND CCR1 TB1
DVcc Vee
56 - P2.3 TB2 CCI2A 56 - P2.3
56 - P2.3 TB2 CCI2B
Vs oD CCR2 TB2
DVcc Vee

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.

ADC12

The ADC12 module supports fast, 12-bit analog-to-digital conversions. The module implements a 12-bit SAR
core, sample select control, reference generator and a 16 word conversion-and-control buffer. The
conversion-and-control buffer allows up to 16 independent ADC samples to be converted and stored without

any CPU intervention.
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peripheral file map

PERIPHERALS WITH WORD ACCESS
Watchdog Watchdog timer control WDTCTL 0120h
Timer_B3 Capture/compare register 2 TBCCR2 0196h
Capture/compare register 1 TBCCR1 0194h
Capture/compare register 0 TBCCRO 0192h
Timer_B register TBR 0190h
Capture/compare control 2 TBCCTL2 0186h
Capture/compare control 1 TBCCTLA 0184h
Capture/compare control 0 TBCCTLO 0182h
Timer_B control TBCTL 0180h
Timer_B interrupt vector TBIV 011Eh
Timer_A3 Capture/compare register 2 TACCR2 0176h
Capture/compare register 1 TACCR1 0174h
Capture/compare register 0 TACCRO 0172h
Timer_A register TAR 0170h
Capture/compare control 2 TACCTL2 0166h
Capture/compare control 1 TACCTLA 0164h
Capture/compare control 0 TACCTLO 0162h
Timer_A control TACTL 0160h
Timer_A interrupt vector TAIV 012Eh
Flash Flash control 3 FCTL3 012Ch
Flash control 2 FCTL2 012Ah
Flash control 1 FCTL1 0128h
DMA DMA module control 0 DMACTLO 0122h
DMA module control 1 DMACTLA 0124h
DMA channel 0 control DMAOCTL 01EOh
DMA channel 0 source address DMAOSA 01E2h
DMA channel 0 destination address DMAODA 01E4h
DMA channel 0 transfer size DMA0SZ 01E6h
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peripheral file map (continued)

PERIPHERALS WITH WORD ACCESS (CONTINUED)

ADC12

See also Peripherals
with Byte Access

Conversion memory 15
Conversion memory 14
Conversion memory 13
Conversion memory 12
Conversion memory 11
Conversion memory 10
Conversion memory 9
Conversion memory 8
Conversion memory 7
Conversion memory 6
Conversion memory 5
Conversion memory 4
Conversion memory 3
Conversion memory 2
Conversion memory 1
Conversion memory 0

Inerrupt-flag register
Control register 1

Control register 0

Interrupt-vector-word register
Inerrupt-enable register

ADC12MEM15
ADC12MEM14
ADC12MEM13
ADC12MEM12
ADC12MEM11
ADC12MEM10
ADC12MEM9
ADC12MEMS8
ADC12MEM7
ADC12MEM6
ADC12MEM5
ADC12MEM4
ADC12MEM3
ADC12MEM2
ADC12MEM1
ADC12MEMO
ADC12lV
ADC12IE
ADC12IFG
ADC12CTL1
ADC12CTLO

015Eh
015Ch
015Ah
0158h
0156h
0154h
0152h
0150h
014Eh
014Ch
014Ah
0148h
0146h
0144h
0142h
0140h
01A8h
01A6h
01A4h
01A2h
01AOh
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peripheral file map (continued)

PERIPHERALS WITH BYTE ACCESS

LCD LCD memory 20 LCDM20 0A4h
LCD memory 16 LCDM16 0AOh
LCD memory 15 LCDM15 09Fh
LCD memory 1 LCDMH1 091h
LCD control and mode LCDCTL 090h
ADC12 ADC memory-control register 15 ADC12MCTL15 | 08Fh
(Memory control ADC memory-control register 14 ADC12MCTL14 | 08Eh
;igc'iesr)s require byte | A5G memory-control register 13 ADC12MCTL13 | 08Dh
ADC memory-control register 12 ADC12MCTL12 | 08Ch
ADC memory-control register 11 ADC12MCTL11 | 08Bh
ADC memory-control register 10 ADC12MCTL10 | 08Ah
ADC memory-control register 9 ADC12MCTL9 | 089h
ADC memory-control register 8 ADC12MCTL8 | 088h
ADC memory-control register 7 ADC12MCTL7 |[087h
ADC memory-control register 6 ADC12MCTL6 | 086h
ADC memory-control register 5 ADC12MCTL5 | 085h
ADC memory-control register 4 ADC12MCTL4 | 084h
ADC memory-control register 3 ADC12MCTL3 | 083h
ADC memory-control register 2 ADC12MCTL2 | 082h
ADC memory-control register 1 ADC12MCTL1 [ 081h
ADC memory-control register 0 ADC12MCTLO | 080h
USARTO Transmit buffer UOTXBUF 077h
(UART or SPI mode) | Receive buffer UORXBUF 076h
Baud rate UOBR1 075h
Baud rate UOBRO 074h
Modulation control UOMCTL 073h
Receive control UORCTL 072h
Transmit control UOTCTL 071h
USART control UOCTL 070h
Comparator_A Comparator_A port disable CAPD 05Bh
Comparator_A control 2 CACTL2 05Ah
Comparator_A control 1 CACTL1 059h
BrownOUT, SVS SVS control register (Reset by brownout signal) | SVSCTL 056h

18
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peripheral file map (continued)

PERIPHERALS WITH BYTE ACCESS (CONTINUED)

FLL+ Clock FLL+ Control 1 FLL_CTLA 054h
FLL+ Control O FLL_CTLO 053h
System clock frequency control SCFQCTL 052h
System clock frequency integrator SCFI1 051h
System clock frequency integrator SCFI0 050h
Basic Timer1 BT counter 2 BTCNT2 047h
BT counter 1 BTCNT1 046h
BT control BTCTL 040h
Port P6 Port P6 selection P6SEL 037h
Port P6 direction P6DIR 036h
Port P6 output PEOUT 035h
Port P6 input P6IN 034h
Port P5 Port P5 selection P5SEL 033h
Port P5 direction P5DIR 032h
Port P5 output P50UT 031h
Port P5 input P5IN 030h
Port P4 Port P4 selection P4SEL 01Fh
Port P4 direction P4DIR 01Eh
Port P4 output P40OUT 01Dh
Port P4 input P4IN 01Ch
Port P3 Port P3 selection P3SEL 01Bh
Port P3 direction P3DIR 01Ah
Port P3 output P30OUT 019h
Port P3 input P3IN 018h
Port P2 Port P2 selection P2SEL 02Eh
Port P2 interrupt enable P2IE 02Dh
Port P2 interrupt-edge select P2IES 02Ch
Port P2 interrupt flag P2IFG 02Bh
Port P2 direction P2DIR 02Ah
Port P2 output P20UT 029h
Port P2 input P2IN 028h
Port P1 Port P1 selection P1SEL 026h
Port P1 interrupt enable P1IE 025h
Port P1 interrupt-edge select P1IES 024h
Port P1 interrupt flag P1IFG 023h
Port P1 direction P1DIR 022h
Port P1 output P10OUT 021h
Port P1 input P1IN 020h
Special functions SFR module enable 2 ME2 005h
SFR module enable 1 MEH1 004h
SFR interrupt flag 2 IFG2 003h
SFR interrupt flag 1 IFG1 002h
SFR interrupt enable 2 IE2 001h
SFR interrupt enable 1 1E1 000h
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absolute maximum ratings over operating free-air temperature (unless otherwise noted)’

Voltage applied at Voo tO Vg - v v i v e -0.3Vto4.1V
Voltage applied to any pin (see Note) ... -0.3VtoVge+03V
Diode current at any device terminal . . ... .. e 2 mA
Storage temperature, Tgg: Unprogrammed device ... -55°C to 150°C

Programmed device ..............ci i -40°C to 85°C

T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE: AllvoltagesreferencedtoVgg The JTAG fuse-blow voltage, Vg, is allowed to exceed the absolute maximum rating. The voltage is applied

to the TDI/TCLK pin when blowing the JTAG fuse.

recommended operating conditions

MIN NOM MAX | UNITS
Supply voltage during program execution (see Note 1), Voc (AVee = DVgei2 = Vo) 1.8 3.6 \Y
Supply voltage during program execution, SVS enabled, PORON=1 5 36 Y
(see Note 1 and Note 2), Ve (AVee = DVec1/2 = Veo)
Supply voltage during flash memory programming (see Note 1), 57 36 Vv
Vee (AVee = DVeeiyz = Vec)
Supply voltage, Vss (AVss = DVss1/2 = Vss) 0 0 \Y
Operating free-air temperature range, Ta -40 85 °C
')‘(';gf:fflt_e:% Watch crystal 32.768 kHz
e ot gy T XTuseced | Geramic resonator | 450 w000 | v
g;jf:_‘ﬁ?d Crystal 1000 8000 | kHz
Ceramic resonator 450 8000
XT2 crystal frequency, fxTz) Crystal 1000 8000 kHz
Voo =18V DC 4.15
Processor frequency (signal MCLK), f(system) Voo =36V Do 8 MHz

NOTES: 1. Itis recommended to power AVgc and DVgc from the same source. A maximum difference of 0.3 V between AV and DV can
be tolerated during power up and operation.

2. The minimum operating supply voltage is defined according to the trip point where POR is going active by decreasing the supply
voltage. POR is going inactive when the supply voltage is raised above the minimum supply voltage plus the hysteresis of the SVS
circuitry.

3. In LF mode, the LFXT1 oscillator requires a watch crystal. In XT1 mode, LFXT1 accepts a ceramic resonator or a crystal.

A
f(system) MHz

8MHz —T|_. T T T
Supply voltage range, s
- upply voltage range, MSP430F43x,
MSP430F43x, dL.'”ng during flash memory programming
program execution
415 MHz T —

N\

I
1.8 27 3 3.6

Supply Voltage - V
Figure 1. Frequency vs Supply Voltage, Typical Characteristics
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electrical characteristics over recommended operating free-air temperature (unless otherwise

noted)
supply current into AVgc + DV¢cy12 excluding external current
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
;Active niofde, (see_N;)t:ML)Z Vo= 2.2V 300 370
XTS_FLL=0, SELM=(0,1) Vec=3V 470 570
- Vegc=22V 55 70
ILPHO.  (soe Note 1 and Note 4) Ta=-40°C1085°C [uE G % o] A
Lo e e, L e no
lLPM2)  f(AGLK) = 32,768 Hz, SCGO = 0 Ta=-40"Ct0 85°C nA
(see Note 2 and Note 4) Vec=3V 17 22
Ta=-40°C 1 20
Ta =25°C 1.1 2.0
Low-power mode, (LPM3) Ta=60°C Vec =22V 5 3
fimoLk) = fismeLk) = 0 MHz, -
(g (ACLQ = 32768 Hz, SCGO - 1 Ta=85C 35 6 WA
(see Note 2, Note 3, and Note 4) Ta = -40°C 1.8 2.8
Ta=25°C 1.6 2.7
T = 60°C Vec =3V 25 35
Ta =85°C 4.2 7.5
Tp = -40°C 0.1 0.5
Tp =25°C 0.1 0.5
T =60°C Vec=22V 07 1.
! ” o0 iz, (SIRAZT:L 0 MHz 1a=85°C LUANE B
(EP fEACLK)) 0 Hz, SCG0 = 1 (see Note 2 and Note 4) | TA=-40°C o1 os| "
Tp =25°C 0.1 0.8
T = 60°C Vec =3V 08 1.2
Tp = 85°C 19 35
NOTES: 1. Timer_Bis clocked by fipcocLk) = fipco) = 1 MHz. All inputs are tied to 0 V or to V¢c. Outputs do not source or sink any current.

o

4.

All inputs are tied to 0 V or to V. Outputs do not source or sink any current.
The current consumption in LPM3 is measured with active Basic Timer1 and LCD (ACLK selected). The current consumption of the

Comparator_A and the SVS module are specified in the respective sections. The LPM3 currents are characterized with a KDS

Daishinku DT-38 (6 pF) crystal and OSCCAPx=01h.

Current for brownout included.

Current consumption of active mode versus system frequency

Current consumption of active mode versus supply voltage

lam) = lam) [1 MHZ] x f(system) [MHZ]

I(AM) = I(AM) Bv]+ 175 uAV x (Vgc -3 V)
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electrical characteristics over recommended operating free-air temperature (unless otherwise
noted) (continued)

Schmitt-trigger inputs - Ports P1, P2, P3, P4, P5, and P6; RST/NMI; JTAG: TCK, TMS, TDI/TCLK, TDO/TDI

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
v b hreshold vol Vgg=22V 1.1 1.55 v
itive-going i tt t
T+ ositive-going input threshold voltage Vo3V s 198
Vgg=22V 0.4 0.9
ViT- Negative-going input threshold volt \%
T egative-going input threshold voltage Vo3V oo T3
v, Input voltage hysteresis (Vir, - V1) Vec=22V 03 L Y
nput voltage hysteresis -V
hys p ge hy: IT+ IT. Voo =3V 05 ]
inputs Px.x, TAx, TBx
PARAMETER TEST CONDITIONS Vee MIN TYP MAX | UNIT
E | interruot timi Port P1, P2: P1.x to P2.x, external trigger signal | 2.2V 62
tint) xternal interrupt timing for the interrupt flag, (see Note 1) 3V 50 ns
X Timer_A, Timer_B capture TAO, TA1, TA2 22V 62 o
(cap) timing TBO, TB1, TB2 3V 50
fraext) Timer_A, Timer_B clock 22V 8
frequency externally applied | TACLK, TBCLK, INCLK: ty) =t MHz
frBexty | to pin 3V 10
fraint Timer_A, Timer_B clock 2.2V 8
Al flmer_ » 1imer_5 cloc SMCLK or ACLK signal selected MHz
f(TBint) requency 3V 10

NOTES: 1. The external signal sets the interrupt flag every time the minimum t(i,y) parameters are met. It may be set even with trigger signals
shorter than tjny).

leakage current - Ports P1, P2, P3, P4, P5, and P6 (see Note 1)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Leakage
likg(Px.y) currenst] Port Px [ V(px.y) (see Note 2) Vec=2.2V/3V +50 nA

NOTES: 1. The leakage current is measured with Vgg or V¢ applied to the corresponding pin(s), unless otherwise noted.
2. The port pin must be selected as input.
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electrical characteristics over recommended operating free-air temperature (unless otherwise
noted) (continued)

outputs - Ports P1, P2, P3, P4, P5, and P6

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT

loHmax) = -1.5mMA,  Vec=22V, See Note 1 Vce-0.25 Vece
) lOH(max) = -6 MA, Vec=22V, See Note 2 Vce-0.6 Vece

Vo High-level output voltage loHmag = -15MA,  Voc=3V,  SeeNote1 | Vic-0.25 Voo |V
lOH(max) = -6 MA, Vec=3Y, See Note 2 Vce-0.6 Vece
loL(max) = 1.5 MA, Vec=22V, See Note 1 Vss Vgs+0.25

VoL Low-level output voltage loL(max) = 6 MA, Vec=22V, See Note 2 Vss Vss+0.6 v
loL(max) = 1.5 MA, Vec=3Y, See Note 1 Vss Vgs+0.25
loL(max) = 6 MA, Vec=3YV, See Note 2 Vss Vgg+0.6

NOTES: 1. The maximum total current, loHmax) @nd loL(max), for all outputs combined, should not exceed =12 mA to satisfy the maximum
specified voltage drop.

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

output frequency

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT

CL = 20 pF,
IL=+1.5mA

f(px_y) (1=x=<6, 0=<y=<7) Vec=22V /3V DC fSystem MHz

f(MCLK) P1.1/TAO/MCLK,
fismeLk) P1.4/TBCLK/SMCLK, CL=20pF fSystem MHz
f(ACLK) P1.5/TACLK/ACLK

P15TACLK/ACLK,  [factk) = fiexrt) = fixri) 40% 60%
CL=20pF fiacLk) = fiexr) = fur) 30% 70%
Vec=22V/3V flacLi) = furxT) 50%
P1.1/TAO/MCLK, foacLk = foxr) 40% 60%
t(xde) Duty cycle of output frequency | C| = 20 pF, ‘ _f 50%- 50% 50%+
Vec=22V/3V (MCLK) = {(DCOCLK) 15ns 15ns
P1.4/TBCLK/SMCLK, [ fsmoLk) = fixta) 40% 60%
Cy = 20 pF, . _ 50%- oo 50%-+
Voc=22V/3V (SMCLK) = T(DCOCLK) 15 ns 15 ns
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electrical characteristics over recommended operating free-air temperature (unless otherwise
noted) (continued)

outputs - Ports P1, P2, P3, P4, P5, and P6 (continued)

oL - Typical Low-level Output Current - mA

1oL - Typical High-level Output Current - mA

TYPICAL LOW-LEVEL OUTPUT CURRENT
VS
LOW-LEVEL OUTPUT VOLTAGE
16 T T
Vec =22V Ta =25°C
14 |- P2.7

12 /

Ta = 85°C
10

0.0 0.5 1.0 1.5 2.0 25
VoL - Low-Level Output Voltage - V

Figure 2

TYPICAL HIGH-LEVEL OUTPUT CURRENT
Vs
HIGH-LEVEL OUTPUT VOLTAGE

T
Vcc = 2.2 V
P2.7
-2

10 /

[ Tp=85°C rd
_——

Ta = 25°C
|

0.0 0.5 1.0 1.5 2.0 25
Von - High-Level Output Voltage - V

Figure 4

1oL - Typical Low-level Output Current - mA

oL - Typical High-level Output Current - mA

TYPICAL LOW-LEVEL OUTPUT CURRENT
Vs
LOW-LEVEL OUTPUT VOLTAGE

25 T T
Vec=3V .——l—— ‘
P2.7 " Tp=25C
20 / /" |
// Ta = 85°C
15 A
10 ,
0

0.0 0.5 1.0 1.5 2.0 25 3.0 35
VoL - Low-Level Output Voltage - V

Figure 3

TYPICAL HIGH-LEVEL OUTPUT CURRENT
VS
HIGH-LEVEL OUTPUT VOLTAGE
0 T
Vec=3V
P2.7

-5

/

J
/l

-15

20| _ Ta=85C A

Ta =25°C

-30 ‘ ‘
00 05 10 15 20 25 30 35

Vou - High-Level Output Voltage - V
Figure 5
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electrical characteristics over recommended operating free-air temperature (unless otherwise

noted)
wake-up LPM3
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
f=1MHz 6
ta(LPm3) Delay time f=2MHz Vec=22VRBYV 6 us
f=3MHz 6
RAM
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
VRAMh CPU halted (see Note 1) 1.6 V

NOTE 1: This parameter defines the minimum supply voltage when the data in program memory RAM remain unchanged. No program execution
should take place during this supply voltage condition.

LCD
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
V(33) Voltage at P5.7/R33 25 Vgg + 0.2
V(23) Voltage at P5.6/R23 [V(33)-V(03)] x 2/3 + V(03)
Analog voltage Vec=3V \%
Viis) nalog volage  Noitage at Ps.5/R13 | CC Vis3)-Vioa] x 1/3 + V(03)
V(33) - V(03) Voltage at R33 to R03 2.5 Voo + 0.2
I(RO3) R0O3 = Vsg No load at all =20
| P5.5/R13 = Vo3 segment and +20
(R13) Input leakage / ccf common lines, nA
l(R23) P5.6/R23 = 2 x Vgc/3 Ve =3V +20
V(sxx0) V(03) V(03) - 0.1
\Y i \Y \Y -0.1
(Sxx1) Selgt;ment line lissog = -3 BA, Voo =3V (13) (13) v
V(sxx2) voftage V(23) V(23) - 0.1
V(sx3) V(sg) V(33) + 0.1
¥ 7
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electrical characteristics over recommended operating free-air temperature (unless otherwise

noted) (continued)

Comparator_A (see Note 1)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
I CAON=1, CARSEL=0, CAREF Vog=22V 2 Sl N
=1, =0, =0
(C0) Voc =3V 45 60| *
CAON=1, CARSEL=0, CAREF=1/2/3, [Vcc=22V 30 50
| (Refladder/RefDiode) No load at P1.6/CA0 and uA
P1.7/CA1 Vec=3V 45 71
Voltage @ 0.25 Vs node | PCAQ=1, CARSEL=1, CAREF=1
cC : : , _
V(Ref02s) Voo No load at P1.6/CAO and P1.7/CA1 Vec=22V/3V | 023 024 025
Voltage @ 0.5 Vs node | PCAO=1, CARSEL=1, CAREF=2
cC : , , _
V(Refos0) Veo No load at P1.6/CA0 and P1.7/CAf Vec=22V/3V | 047 048 0.5
PCAO=1, CARSEL=1, CAREF=3, Voo =22V 390 480 540
V(RefvT) see Figure 6 and Figure 7 No load at P1.6/CAO0 and P1.7/CA1; mV
Tp=85°C Vec=3V 400 490 550
Common-mode input
Vic voltage range CAON=1 Vec=22V/3V 0 V-1 \Y
Vp-Vs Offset voltage See Note 2 Vgc=22V/3V -30 30| mVv
Vhys Input hysteresis CAON =1 Vec=22V/3V 0 0.7 1.4 mV
Ta = 25°C, Vec=22V 160 210 300
Overdrive 10 mV, without filter: CAF =0 | v =3V 80 150 240 ns
t
(resF’onse LH) TA — 2500 VCC =22V 14 1.9 3.4
Overdrive 10 mV, with filter: CAF = 1 Voo =3V 09 15 6| M
Ta = 25°C Vec=22V 130 210 300
Overdrive 10 mV, without filter: CAF =0 | v =3V 80 150 240 ns
t
(response HL) Tp = 25°C, Voo =22V 14 1.9 3.4
Overdrive 10 mV, with filter: CAF =1 [Veg =3V 09 15 26| "°

NOTES: 1.

The leakage current for the Comparator_A terminals is identical to lig(px.x) Specification.

2. 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.
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typical characteristics

VREf - Reference Voltage - mV
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Vs
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650 | |
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E
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N S 550 N
>
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oc
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[T
w
L 450
400
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Ta - Free-Air Temperature - °C Ta - Free-Air Temperature - °C

Figure 6. V(gesyT) VS Temperature Figure 7. V(geryT) VS Temperature
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| Modules

|
|
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Figure 8. Block Diagram of Comparator_A Module
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I N S
_i 400 mV f
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Figure 9. Overdrive Definition
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electrical characteristics over recommended operating free-air temperature (unless otherwise
noted)

POR/brownout reset (BOR) (see Note 1)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
td(BOR) 2000 us
Ve start) dVc/dt < 3 V/s (see Figure 10) 0.7x V@ 1T Vv
VB IT) Brownout dVgc/dt < 3 V/s (see Figure 10 through Figure 12) 1.71 \Y
Vhys@ IT-) (see Note 2) [ dVo/dt < 3 V/s (see Figure 10) 70 130 180 mV

Pulse length needed at RST/NMI pin to accepted reset internally,
t(reset) Vee=2.2V/3V 2 us

NOTES: 1. The current consumption of the brownout module is already included in the Igg current consumption data. The voltage level
VB_IT-) + Vhys®_IT-) is < 1.8V.
2. During power up, the CPU begins code execution following a period of tygor after Vcc = V(g_it-) + Vhysg_IT-)- The default
FLL+ settings must not be changed until Vee = Vegmin), Where Vogmin) is the minimum supply voltage for the desired
operating frequency. See the MSP430x4xx Family User’s Guide (SLAU056) for more information on the brownout/SVS circuit.

typical characteristics

A
Vee 7
VB_IT-)
Veestart)
>
A
1
0 >
> <« td(BOR)
Figure 10. POR/Brownout Reset (BOR) vs Supply Voltage
'
2 IO T T T T 330“ I‘ tpw—ﬂ
Vee=3V r—-m--mmm———== == -
Typical Conditions : :
> 18 T =] : :
1 /’ : :
s 1 | |
g I | I
3 / Vecrop) [~ ol -
> 0.5 / [ o
/| o o
I I I I
I I I I
| | | | -
0 1 (N »
0.001 1 1000 > >
- 1ns . 1ns
tpw - Pulse Width - us tow - Pulse Width - us

Figure 11. Vcc(drop) Level With a Square Voltage Drop to Generate a POR/Brownout Signal
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typical characteristics

VecdA e tow———»
2 [T T T 1T AT |
Vec=3V I
s 1.5 Typical Conditions X
1 N y |
a ,/ \\ // :
2 1 I
T

g / :
> / VCC(drop) - i | |
0.5 ! l !
| | |
| | |
l ti=t, l

0 : - : >
0.001 1 1000 «— g —PE— t, —>

tpw - Pulse Width - us tow - Pulse Width - us

Figure 12. Vcc(drop) Level With a Triangle Voltage Drop to Generate a POR/Brownout Signal

electrical characteristics over recommended operating free-air temperature (unless otherwise
noted)

SVS (supply voltage supervisor/monitor)

PARAMETER TEST CONDITIONS MIN NOM MAX UNIT
; dVge/dt > 30 V/ms (see Figure 13) 5 150 us
(SVSR) dVcc/dt < 30 V/ms 2000 us
td(svson) SVSon, switch from VLD=0to VLD = 0, Vgc =3 V 20 150 us
tsettle VLD = 0% 12 us
V(svsstar) VLD = 0, Vgc/dt < 3 V/s (see Figure 13) 1.55 1.7 \%
VLD = 1 70 120 155 mV
Vcc/dt <3V/s (see Figure 13) VLD =2 . 14 V(SVS_IT-) V(SVS_IT-)
Vhys(svs_n._) x 0.001 x 0.016
;/r?%/(?jt < 3 V/s (see Figure 13), external voltage applied VLD = 15 44 20 mv
VLD = 1 1.8 1.9 2.05
VLD =2 1.94 2.1 2.23
VLD =3 2.05 2.2 2.35
VLD =4 2.14 2.3 2.46
VLD =5 2.24 24 2.58
VLD =6 2.33 25 2.69
. VLD =7 2.46 2.65 2.84
Vc/dt < 3 V/s (see Figure 13)
Visvs 1T VLD =8 2.58 2.8 2,97 v
- VLD =9 2.69 29 3.10
VLD =10 2.83 3.05 3.26
VLD = 11 2.94 3.2 3.39
VLD =12 3.1 3.35 3.58t
VLD =13 3.24 3.5 3.73t
VLD = 14 3.43 3.7t 3.96t
;/r?%/(?jt < 3 V/s (see Figure 13), external voltage applied VLD = 15 1.1 12 13
'éé’ésﬁs&e " VLD = 0, Vg = 2.2 V/3 V 10 15 uA

T The recommended operating voltage range is limited to 3.6 V.

¥ tgetyie is the settling time that the comparator o/p needs to have a stable level after VLD is switched VLD = 0 to a different VLD value somewhere
between 2 and 15. The overdrive is assumed to be > 50 mV.

NOTE 1: The current consumption of the SVS module is not included in the Igc current consumption data.
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4 Software Sets VLD>0:
Vee - _;V __________ SVS is Active
d_ _vYhys(SVS IT-)_ _~_ _ _ _ _ ON . — — — ____ A N _
Visvs_IT-)3 = -+ e gt * et it —
V(svsstart) - '"&'\r,;{,‘s'(g' 7 T s e 0 N i
[ /(= 5 Y e S S i
ST
VCC(start) N ad e A A R V- AR
Brown- >
Brownout
4" Region ™ I ROu_t g
Brownout egion
1
0 I — > v
SVS t t
o:t d(BOR) <€— SVS Circuit is Active From VLD > to V¢ < V(g_iT-) > d(BOR)
0 Il 1. .
| ->|—|<—td o
SVSon
Set POR ( ) | |ld(SVSR)
1 —
undefined
0 >
|
Figure 13. SVS Reset (SVSR) vs Supply Voltage
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Figure 14. Vccarop) With a Square Voltage Drop and a Triangle Voltage Drop to Generate an SVS Signal
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electrical characteristics over recommended operating free-air temperature (unless otherwise
noted)

DCO
PARAMETER TEST CONDITIONS Vee MIN TYP MAX | UNIT
N(DCO)=01 Eh, FN_8=FN_4=FN_3=FN_2=0, D = 2; DCOPLUS= 0,
fiococLk) forystal = 32.738 kHz 2.2V/3V 1 MHz

22v| 03 065 1.25
fpco-2) FN_8=FN_4=FN_3=FN_2=0 ; DCOPLUS = 1 v o5 oo 3| MHe
22v| 25 56 105
fpco=27) FN_8=FN_4=FN_3=FN_2=0; DCOPLUS = 1 v o a1 3| MHe
22v| 07 13 23

fpco-2) FN_8=FN_4=FN_3=0, FN_2=1; DCOPLUS = 1 v o o ac| MHe

22V 57 10.8 18

fpco=27) FN_8=FN_4=FN_3=0, FN_2=1; DCOPLUS = 1 Vi YRR o] MHz
22v| 1.2 2 3

fpco-=2) FN_8=FN_4=0, FN_3= 1, FN_2=x; DCOPLUS = 1 v s s ao| MHe
22V 9 155 25

fpco=27) FN_8=FN_4=0, FN_3= 1, FN_2=x; DCOPLUS = 1 MHz

3v| 103 179 285

22V 1.8 2.8 4.2

fpco-=2) FN_8=0, FN_4= 1, FN_3= FN_2=x; DCOPLUS = 1 v o s s MHe

22V| 135 215 33

fipbco=27) FN_8=0, FN_4=1, FN_3= FN_2=x; DCOPLUS = 1 3V 6 266 2 MHz

22v| 28 42 62
fpco-2) FN_8=1, FN_4=FN_3=FN_2=x; DCOPLUS = 1 v 22 s s MHe

22V 21 32 46

fpco=27) FN_8=1,FN_4=FN_3=FN_2=x; DCOPLUS = 1 v 30 a6 o] MHe

s Step size between adjacent DCO taps: 1<TAP<20 | 1.06 1.11
n Sn = foco(Tap n+1) / foco(rap n) (see Figure 16 for taps 21 to 27) TAP=27 | 1.07 117
D Temperature drift, Nipco) = 01Eh, FN_8=FN_4=FN_3=FN_2=0, 22V| -02 -03 -04 %G
t D =2; DCOPLUS =0 3v| 02 03 04|
Drift with Vg variation, Nipco) = 01Eh, FN_8=FN_4=FN_3=FN_2=0,
Dv D 2 DCORLUS =0 22vi3v| o 5 15| %N
f f
(DCO) (DCO) \
fibcoav) fibcozo°c) |
\ |
1.0——(15___7_;4 1.0 I —=— L
| |
| |
| |
| |
| |
I R R A A [ [ N R R R R R A
39 > | B e I O R o
0 18 2.4 3.0 3.6 -40 -20 0 20 40 60 85
Vee -V Ta-°C

Figure 15. DCO Frequency vs Supply Voltage Vcc and vs Ambient Temperature
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electrical characteristics over recommended operating free-air temperature (unless otherwise

noted) (continued)

11971 — — — — — — —

S,, - Stepsize Ratio between DCO Taps

I

1

DCO Tap

Figure 16. DCO Tap Step Size

fioco)

FN_2=0 FN_2=1 FN_2=x
FN_3=0 FN_3=0 FN_3=1
FN_4=0 FN_4=0 FN_4=0
FN_8=0 FN_8=0 FN_8=0

FN_2=x
FN_3=x
FN_4=1
FN_8=0

FN_2=x
FN_3=x
FN_4=x
FN_8=1

Legend
Tolerance at Tap 27

DCO Frequency
Adjusted by Bits
29 to 25 in SCFI1 {Nypcoy}

Tolerance at Tap 2

Overlapping DCO Ranges:
Uninterrupted Frequency Range

Figure 17. Five Overlapping DCO Ranges Controlled by FN_x Bits
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electrical characteristics over recommended operating free-air temperature (unless otherwise

noted)
crystal oscillator, LFXT1 oscillator (see Notes 1 and 2)
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
OSCCAPx =0h,Vgc=22V/3V 0
Cxn Integrated input capacitance OSCCAPx = 1h, Vcc=2.2V/3V 10 oF
(see Note 4) OSCCAPx = 2h, Vg =22V /3V 14
OSCCAPx =3h,Vgc=22V/3V 18
OSCCAPx =0h,Vgc=22V/3V 0
Crour Integrated output capacitance | OSCCAPX = 1h, Vgc =22V /3V 10 oF
(see Note 4) OSCCAPx = 2h, Vg =22V /3V 14
OSCCAPx =3h,Vgc=22V/3V 18
ViL Vss 0.2xVge
Vi Input levels at XIN Voc =2.2V/3V (see Note 3) 0.8xVoc Voo \%
NOTES: 1. The parasitic capacitance from the package and board may be estimated to be 2 pF. The effective load capacitor for the crystal is

(Cxin X CxourT) / (Cxin + Cxout)- This is independent of XTS_FLL.
2. Toimprove EMI onthe low-power LFXT1 oscillator, particularly in the LF mode (32 kHz), the following guidelines should be observed.

- Keep the trace between the MSP430 device and the crystal as short as possible.
- Design a good ground plane around the oscillator pins.
- Prevent crosstalk from other clock or data lines into oscillator pins XIN and XOUT.
= Avoid running PCB traces underneath or adjacent to the XIN and XOUT pins.

- Use assembly materials and praxis to avoid any parasitic load on the oscillator XIN and XOUT pins.

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

= 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.
3. Applies only when using an externallogic-level clock source. XTS_FLL must be set. Not applicable when using a crystal or resonator.

4. External capacitance is recommended for precision real-time clock applications; OSCCAPx = Oh.

crystal oscillator, XT2 oscillator (see Note 1)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
CxT2IN Integrated input capacitance Vec=22V/A3YV pF
CxTo0UT Integrated output capacitance | Vgg=2.2V/3V pF
ViL Vss 0.2 x Veg \Y
Input levels at XT2IN Voo =2.2V/3V (see Note 2)
ViH 0.8 x Voo Vee \Y
NOTES: 1. The oscillator needs capacitors at both terminals, with values specified by the crystal manufacturer.
2. Applies only when using an external logic-level clock source. Not applicable when using a crystal or resonator.
USARTO (see Note 1)
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
; USARTO: deafitch fime Voc =2.2V, SYNC =0, UART mode 200 430 800 ns
® g Ve =3V, SYNC = 0, UART mode 150 280 500
NOTES: 1. The signal applied to the USARTO receive signal/terminal (URXDO) should meet the timing requirements of t(;) to ensure that the

URXS flip-flop is set. The URXS flip-flop is set with negative pulses meeting the minimum-timing condition of t(). The operating
conditions to set the flag must be met independently from this timing constraint. The deglitch circuitry is active only on negative

transitions on the URXDO line.
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electrical characteristics over recommended operating free-air temperature (unless otherwise

noted) (continued)

12-bit ADC, power supply and input range conditions (see Note 1)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
AVic and DV are connected together
AVce Analog supply voltage AVgg and DVgg are connected together 2.2 3.6 \Y
Viavss) = Vpvss) =0V
Analog input voltage All external Ax terminals. Analog inputs
V(P6.x/Ax) range (see Note 2) selected in ADC12MCTLx register and P6Sel.x=1 0 Vavce \Y
V(avss) = Vax = Vavco)
Operating supply current | fapciocLk = 5.0 MHz Veg=22V 0.65 1.3
lapci2 into AVc terminal ADC120N =1, REFON =0 mA
(see Note 3) SHT0=0, SHT1=0, ADC12DIV=0 Vec =3V 0.8 1.6
fapci2cik = 5.0 MHz
_ ADC120N =0, Vec =3V 0.5 0.8 mA
Operating supply current | REFON = 1, REF2_5V = 1
IREE+ into AVgc terminal
(see Note 4) fapc12cLk = 5.0 MHz Vec=22V 05 0.8
ADC120N =0, mA
REFON = 1, REF2_5V = 0 Vec=3V 05 0.8
. Only one terminal can be selected
C Input capacitance at one time, Ax Vogg=22V 40 pF
R Input MUX ON resistance | OV =< Vay < Vavcc Vec=3V 2000 Q
NOTES: 1. The leakage current is defined in the leakage current table with Ax parameter.

The analog input voltage range must be within the selected reference voltage range Vg, to VR_ for valid conversion results.

1
2.
3. The internal reference supply current is not included in current consumption parameter Iapc12-
4

The internal reference current is supplied via terminal AVgg. Consumption is independent of the ADC120N control bit, unless a

conversion is active. The REFON bit enables to settle the built-in reference before starting an A/D conversion.

12-bit ADC, external reference (see Note 1)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
v Positive external VeREF+ > VREF-/VeREF- 14 Y Vv
eREF+ reference voltage input | (see Note 2) : AVCC
vV v Negative external VeReF+ > VREF-/VeREF- 0 12 Vv
REF-/VeREF- reference voltage input | (see Note 3) :
(VeREF+ - Differential external VeReF:+ > VREF-/VeREF- 14 Y Vv
VREF-/VeREF-) reference voltage input | (see Note 4) ’ AVCC
I\eREF+ Static input current 0V =VgRrer: = Vavce Vo =2.2V/3V +1 uA
lVREF-/VeREF- Static input current 0V = Vgrer- = Vavce Vec=22V/3V +1 uA
NOTES: 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 12-bit accuracy.
2. The accuracy limits the minimum positive external reference voltage. Lower reference voltage levels may be applied with reduced
accuracy requirements.
3. Theaccuracy limits the maximum negative external reference voltage. Higher reference voltage levels may be applied with reduced
accuracy requirements.
4. The accuracy limits minimum external differential reference voltage. Lower differential reference voltage levels may be applied with
reduced accuracy requirements.
"Ji TEXAS
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electrical characteristics over recommended operating free-air temperature (unless otherwise

noted) (continued)

12-bit ADC, built-in reference

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
REF2_5V =1 for25V . Voo =3V o4 o5 26
v Positive built-in reference | IVREF+Max < lvReF.< lvReF:Min v
REF+ voltage output REF2_5V =0for 1.5V
IVREF+_maX < lyREF.< WREF,MIN Vgc=22V/3V 1.44 1.5 1.56
AVCC minimum voltage, REF2_5V =0, lygepsmax = lyrer+= lVRepsMin 2.2
AV (min) Positive built-in reference | REF2_5V =1, lyggg,min = lygegs= -0.5mA 2.8 \V]
active REF2_5V =1, lygrepsmin = lygepsz -1TMA 2.9
| Load current out of VRgr. Vgg =22V 0.01 -0.5 A
VREF+ terminal Vec=3V 0.01 N
lvRrer+ = 500 uA +/- 100 uA VCC =22V +2
Analog input voltage ~0.75 V; LSB
| Load-current regulation REF2_5V =0 Voc =3V =2
L(VREF)+ VRer+ terminal lvRrer+ = 500 A = 100 uA
Analog input voltage ~1.25 V; Vec=3V +2 LSB
REF2_5V =1
Load current regulation lvRer: =100 LA — 900 uA,
IDLVREF) +  v/or. terminal Cvrer+=5 uF, ax ~0.5 X VRer, Vec =3V 20| ns
REF+ Error of conversion result < 1 LSB
Capacitance at pin VgRgr, | REFON =1, _
CvReF+ (see Note 1) 0 MA = lyrgg; =< lvrersmax Veg=22VBV 5 10 uF
Temperature coefficient of | lyrer; is a constant in the range of _ o
TREF+ built-in reference 0 mA = lygers < 1 MA Veg =22VBV =100 | ppm/°C
Settle time of internal
tREFON reference voltage (see {\/REF*__ 105 \Tf‘/ CVRE_FE ; 1/0 uF 17| ms
Figure 18 and Note 2) REFy = 19 1 TAVCC = =
NOTES: 1. The internal buffer operational amplifier and the accuracy specifications require an external capacitor. All INL and DNL tests uses

two capacitors between pins VReg, and AVsg and VReg-/Vereg- and AVgs: 10 uF tantalum and 100 nF ceramic.
2. The condition is that the error in a conversion started after tggpop is less than 0.5 LSB. The settling time depends on the external

capacitive load.

CvReF: 4
100 uF T
1 tRerFoN = .66 X Cyrer. [ms] with Cyggf, in uF
10 uF
1uF T
1ms 10 ms 100 ms tREFON

Figure 18. Typical Settling Time of Internal Reference tgeron VS External Capacitor on VRgg+
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AD DVcei/2

From >
Power _|_+_/
Supply =
> — DVssip2
10 uF 100 nF
-
AV
cc MSP430F43x
> AvVgg
10 uF 100 nF
Apply External Reference [Verer.] >
or Use Internal Reference [VRgr.] —  VREF: O VeReF+
10uF 100 nF
Apply

External VREF-/VeREF-

Reference

10uF 100 nF

Figure 19. Supply Voltage and Reference Voltage Design VRer-/Verer- External Supply

From | /JD DVCC1/2
Power _L-l-./,_c
Supply [F
> — DVgs1)2
10 uF 100 nF
>
AV
cc MSP430F43x
D) AVSS

10uF 100 nF
Apply External Reference [Verer.] -
or Use Internal Reference [VRer.] o

= VREF: OF VeREF+

10uF 100 nF

Reference Is Internally —p- VREF-/VeREF-
Switched to AVgg

Figure 20. Supply Voltage and Reference Voltage Design VRer_/Verer- = AVss, Internally Connected
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electrical characteristics over recommended operating free-air temperature (unless otherwise

noted) (continued)

12-bit ADC, timing parameters

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
For specified performance of Voe =
fapcracLi ADC12 linearity parameters 2.2V/[3V 045 5 63| MHz
Internal ADC12 ADC12DIV=0, Vee =
fapcizosc oscillator fanci2cLk=fabci120sc 22V/3V 8.7 5 63 MHz
CvReF+ = 5 uF, Internal oscillator, Ve =
fADC120sG = 3.7 MHz 10 6.3 MHz ~ |22Vv/3v | 206 351 ws
t C ion ti
CONVERT onversion ime External fapc12cLk from ACLK, MCLK or SMCLK: 13xADC12DIVx
ADC12SSEL = 0 1/ADG120LK us
Turn on settling time of
tADC120N the ADC 9 (see Note 1) 100 ns
Rg =400 Q, R;= 1000 Q, Vec=3V | 1220
tsample Sampling time C;=30pF, t=[Rs+ R]xC Ve = 1400 ns
(see Note 2) 22V

NOTES: 1. Theconditionis thatthe errorin a conversion started after tapc120n is less than £0.5 LSB. The reference and input signal are already

settled.

2. Approximately ten Tau (t) are needed to get an error of less than 0.5 LSB:
tsample = In2"+1) x (Rg + R)) x Cj+ 800 ns where n = ADC resolution = 12, Rg = external source resistance.

12-bit ADC, linearity parameters

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
1.4V < (VepeF+ - VREF-/VeRer-) Min< 1.6V Vge = +2
E, Integral linearity error - LSB
1.6 V < (VeReF+ - VREF-/VeRrEF-) Min = [Vavccl 22VBV +1.7
E Differential linearity | (Verer+ - VREF-/VeREF-)min = (VeReF+ - VREF-/VeREF-), Vee = 4| LsB
D error CvRer: = 10 uF (tantalum) and 100 nF (ceramic) 22V@EV -
(VereF+ - VREF-/VeREF-)min = (VeREF+ ~ VREF-/VeREF-), Ve =
Epo  Offset error Internal impedance of source Rg < 100 , 220\//3 v +2 +4 LSB
CvRer: = 10 uF (tantalum) and 100 nF (ceramic) ’
- (VeReF+ - VREF-/VeREF-)min < (VeREF+ = VREF-/VeREF-), Vee =
Ea  Gain error Curer. = 10 uF (tantalum) and 100 nF (ceramic) 22V/3V =11 2| LsB
.  Total unadjusted (VereF+ - VREF-/VeREF-)min = (VeREF+ - VREF-/VeREF-), Vee = w2 5| LsB
T error CvRer+ = 10 uF (tantalum) and 100 nF (ceramic) 22V/3V -
‘Ui TEXAS
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electrical characteristics over recommended operating free-air temperature (unless otherwise

noted) (continued)

12-bit ADC, temperature sensor and built-in Viyp

PARAMETER TEST CONDITIONS Vece MIN TYP MAX [ UNIT
| Operating supply current into | REFON = 0, INCH = 0Ah, 22V 40 120 A
SENSOR AV terminal (see Note 1) | ADC120N=NA, Ta = 25°C 3V 60 160] M
ADC120N = 1, INCH = 0Ah, 2.2V/
VSENSOR (see Note 2) Tp=0°C 3V 986 mV
2.2V/
TCsENSOR ADC120N = 1, INCH = 0Ah 3V 3.55+3% mV/°C
t Sampietme eauectaocreon—r.mon-o, {22V | @ :
SENSOR(sample) ; w,
(see Note 3) Error of conversion result < 1 LSB 3V 30
Current into divider at 22V NA
vmip channel 11 (see Note 4) ADC120N =1, INCH = 0Bh, 3V NA nA
ADC120N = 1, INCH = 0Bh, 22V 1.1 1.120.04
V AV ivi t ch 111 ) \Y
MID ce divider at channe Vmip is ~0.5 x Vavce 3V 1.5 1.50x0.04
tvMID(sample) f:;:\;;l:l t;T?sr:glitfngf ADC120N = 1, INCH = 0Bh, 22l | M ns
VMID(sample f
(see Note 5) Error of conversion result<1LSB | 5, 1220
NOTES: 1. The sensor current Isensor is consumed if (ADC120N = 1 and REFON=1), or (ADC120N=1 AND INCH=0Ah and sample signal

is high). When REFON = 1, IsensoR is already included in Iggf,.

2. The temperature sensor offset can be as much as +20°C. A single-point calibration is recommended in order to minimize the offset
error of the built-in temperature sensor.

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

No additional current is needed. The Vyp is used during sampling.

5. The on-time tymip(on) is included in the sampling time tymipsample); NO additional on time is needed.

>
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electrical characteristics over recommended operating free-air temperature (unless otherwise

noted)
flash memory
PARAMETER TEST '/ MIN TYP MAX | UNIT
CONDITIONS cc
V
CoPamy Program and Erase supply voltage 2.7 3.6 \%
ERASE)
frra Flash Timing Generator frequency 257 476 kHz
Ipam Supply current from DV ¢ during program 27V/3.6V 3 5 mA
IERASE Supply current from DV during erase 27V/3.6V 3 7 mA
topT Cumulative program time see Note 1 27V/3.6V 10 ms
tCMErase Cumulative mass erase time see Note 2 27V/36V 200 ms
Program/Erase endurance 104 105 cycles
tRetention Data retention duration Ty=25°C 100 years
tword Word or byte program time 35
tBlock, 0 Block program time for 1t byte or word 30
tBlock, 1-63 Block program time for each additional byte or word 21
— see Note 3 trrg
tBlock, End Block program end-sequence wait time 6
tMass Erase Mass erase time 5297
tSeq Erase Segment erase time 4819
NOTES: 1. Thecumulative 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.
2. The mass erase duration generated by the flash timing generator is at least 11.1ms ( = 5297x1/frrg,max = 5297x1/476kHz). To

achieve the required cumulative mass erase time the Flash Controller’s mass erase operation can be repeated until this time is met.

(A worst case minimum of 19 cycles are required).

3. These values are hardwired into the Flash Controller’s state machine (tetg = 1/fe1G)-

JTAG interface

PARAMETER COJIEI?TONS Vece MIN TYP MAX| UNIT
22V 5| MHz
frok TCK input frequency see Note 1 3v 0 MHz
Rinternal Internal pull-up resistance on TMS, TCK, TDI/TCLK | see Note 2 22V/3V 25 60 90 kQ
NOTES: 1. frgk may be restricted to meet the timing requirements of the module selected.
2. TMS, TDI/TCLK, and TCK pull-up resistors are implemented in all versions.
JTAG fuse (see Note 1)
PARAMETER COJIEI?TONS Vece MIN TYP MAX| UNIT
Vee(es) Supply voltage during fuse-blow condition Ta=25°C 25 \%
VEB Voltage level on TDI/TCLK for fuse-blow: F versions 7 \%
IFB Supply current into TDI/TCLK during fuse blow 100 mA
trB Time to blow fuse 1 ms
NOTES: 1. Once thefuseis blown, no further access to the MSP430 JTAG/Test and emulation features is possible. The JTAG block is switched

to bypass mode.
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APPLICATION INFORMATION

input/output schematic

port P1, P1.0 to P1.5, input/output with Schmitt trigger

:- Pad Logic 1
DVSS | |
DVSS : D@ :
CAPD.x i |
P1SEL.x : | o Input |
P1DIR.x | 1: Output |
Direction Control 1 * [ |
From Module | L 2 |
P10UTX ? ! L
Module X OUT ! Bus | '
| Keeper, | P1.0/TAO
P1.1/TAO/MCLK
| vy ‘ | P1.2/TA1
P1INX < | W | P1.3/TBOUTH/SVSOUT
P1.4/TBCLK/SMCLK
— | . | P1.5/TACLK/ACLK
‘ > |
Module X IN 4— <] D !_ JI
— P1IE.x
P1IRQ.x Q EN Interrupt
P1IFG.x Edge
Set |« Select
P1IES.x  P1SEL.x
Note:0<x=<5
Note: Port function is active if CAPD.x = 0
Dir. Control Module X
PnSEL.x| PnDIR.x from module PnOUT.x ouT PnIN.x | Module X IN| PnIE.x PnIFG.x PnIES.x

T
P1SEL.0 | P1DIR.0 P1DIR.0 P10UTO OutO sig. P1IN.O CCloA P1IE.0 P1IFG.0 P1IES.0

P1SEL.1 | P1DIR.1 P1DIR.1 P10UT.1 MCLK P1IN.1 CCIOBJr P1IE.A P1IFG.1 P1IES.A

P1SEL.2 | P1DIR.2 P1DIR.2 P10UT.2 Out1 sig.Jr P1IN.2 CCI1AJr P1IE.2 P1IFG.2 P1IES.2

T
P1SEL.3 | P1DIR.3 P1DIR.3 P10UT.3 | SVSOUT P1IN.3 TBOUTH P1IE.3 P1IFG.3 P1IES.3

t
P1SEL.4 | P1DIR.4 P1DIR.4 P10UT.4 SMCLK P1IN.4 TBCLK P1IE.4 P1IFG.4 P1IES.4

PISEL5 | P1DIR5 P1DIRS P1OUT.5 ACLK P1IN.5 TACLK' | P1IES P1IFG.5 P1IES.5

T Timer_A
* Timer_B
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input/output schematic (continued)

port P1, P1.6, P1.7, input/output with Schmitt trigger

9

1l | |

"r 1

il ! %: !

U] T T
Note: Port function is active if CAPD.6 = 0 | |

CAPD.6 I— _|

P1SEL.6 ) | 0: Input |
P1DIR.6 ; N ! 1: Output | P1.6/
P1DIR.6 Jo J it | cAo

P10UT.6 | _
1 }
DVgs —0 [ Bus | |
Keeper
P1IN.6 | Va |
™ I I
| ¢ ¢ I
unused < D | :) > |
L - |
L —P1IE.7
P1IRQ.07 <—C EN[ Interrupt
P1IFG.7 Edge
Set}—«¢ Select
P1IESx  P1SELX
r—-—————— — — — — — — A
| Comparator_A P2CA |
| AVee  GAREF l cAEX |
I I I I CAO
| CAF 1 i
Of
I v $ |
cClB -—Y—
< i | __IfVW_r |~ I CAT1
to Timer_Ax ol |
L — o—
I L = Ca I
2
: CAREF ——Xq{ Reference Block :
L 4
0 :_ Pad Logic |
"y T
0 | I>kI |
ll T T
Note: Port function is active if CAPD.7 = 0 I I
CAPD.7
I_E _ I, _______ _
P1SEL.7 0 I 0: input I
P1DIR.7 _ | 1: output |
P1DIR.7 1o 14 | I;g/

P10OUT7 ; I _ I

DVss —0 I/ I Bus I I

P1IN.7 I keeper I
— I d I
I I
unused < D : _:Di :
L _
— P1IE7

P1IRQ.07 <—C o BN Interrupt

P1IFG.7 Edge

Setl—« Select

P1IES.7 P1SEL.7
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input/output schematic (continued)

port P2, P2.0, P2.4 to P2.5, input/output with Schmitt trigger

:- Pad Logic 1
DVSS | |
DVSS | D% |
I |
1 I
P2SEL.x 0 I 0: Input I
P2DIR.X N [ 1: Output |
Direction Control 1 5 | |
From Module | L |
P20UTx ? . L
Module X OUT I Bus [ !
| Keeper, | P2.0/TA2
| T ‘ | P2.4/UTXDO
P2IN.X | T | P2.5/URXDO
| . |
EN | i >7 |
| |
Module X IN €4— <l D - - ]
— P2IE.x
P2IRQ.x <—C Q EN— Interrupt
P2IFG.x Edge
Set |-« Select
P2IES.x  P2SEL.x
Note: x{0,4,5}
Dir. Control Module X
PnSel.x PnDIR.x from module PnOUT.x ouT PnIN.x | Module X IN| PnIE.x PnIFG.x PnIES.x
P2Sel.0 P2DIR.0 P2DIR.0 P20UT.0 Out2 sig. T P2IN.O ccl2at P2IE.O P2IFG.0 P2IES.0
3
P2Sel.4 P2DIR.4 DvVCC P20UT.4 UTXDO P2IN.4 unused P2IE.4 P2IFG.4 P2IES.4
P2Sel.5 P2DIR.5 DVSS P20UT.5 DVSS P2IN.5 URXDOt P2IE.5 P2IFG.5 P2IES.5
TTimer_A
*USARTO
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input/output schematic (continued)

port P2, P2.1 to P2.3, input/output with Schmitt trigger

r—-————————————N
| Pad Logic |
DVSS |
DVSS : M :
FeT T T T T 1 | |
Module IN of pin |
| P13TBOUTHSVSOUT _ I : :
=D O D
| P1SEL.3 — | | |
b d | |
| |
I~ |
P2SEL.x . | 0: Input |
P2DIR.x = | 1: Output |
Direction Control 1 | - |
From Module *
P20UT.x | |
Module X OUT ! | Bus | |
| Keeper | P2.1/TBO
| o ‘ | P2.2/TB1
P2IN.x < | W | P2.3/TB2
| i |
EN i ) Smmm—
| |
Module X IN <— =] D !_ J
| P2IEX
P2IRQ.x EN Interrupt
Q Edge
P2IFG.x 9
Set}—« Select
P2IESx P2SELx
Note: 1<x<3
PnSelx | PnDIRx | Dir-Control | o nyry | ModuleX | 5 iNx | Module XIN| PnlEx | PnlIFGx | PnlESx
from module ouT
P2Seli | P2DIR1 | P2DIR1 | P20UTA | Outosig.T| P2iN.1 gg'lg’é t] P2E1 | PaFG1 | P2IESA
-t CCHA 1
P2Sel2 | P2DIR2 | P2DIR2 | P2ouT2 | Outisig.T| Pain2 ScHB PE2 | P2IFG.2 P2IES.2
. CCI2A +
P2Sel.3 | P2DIR3 | P2DIR3 | P20UT3 | oOutzsig.T| P2iN3 &lian P2IE3 | P2IFG.3 P2IES.3
tTimer_B
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input/output schematic (continued)

port P2, P2.6 to P2.7, input/output with Schmitt trigger

0: Port active
- 1: Segment xx function active I Pad Logic A
Port/LCD# ] |
Segment xx* | &4 |
| |
1 I
P2SEL.x 0 I 0: Input I
P2DIR x . | 1: Output |
Direction Control 1 | |
From Module | L 2 |
P20UTxX 0 ! |
1 | |
Module X OUT I Bus L~ ’j | P2.6/CAOUT/S19
P2.7/ADC12CLK/S18
| I
P2IN.x | W |
| L9 . |
D
Module X IN <] D I I
L J
L P2IE.x
P2IRQ.x <—C R ENj=—! Interrupt
P2IFG.x Edge
Set|l«¢ Select
P2IESx  P2SELx
Note: 6<x<7
PnSel.x | PnDIR.x | Dir-Control | o 7y | ModuleX | 5 iNx |Module XIN| PnlEx | PnlFGx | PnlESx | Port/LCD
from module ouT
P2Sel.6 | P2DIR.6 P2DIR6 | P20UT6 | CAOUTT | P2iN6 | unused PolE6 | poiFGs | P2IESS6 | 0:LCDM<40h
P2Sel.7 | P2DIR.7 P2DIR.7 | P20UT.7 | ADC12CLKS| P2IN.7 | unused P2IE7 | P2IFG.7 | P2IES.7 | 0:LCDM<40h

T Comparator_ A
§ ADC12
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input/output schematic (continued)

port P3, P3.0 to P3.3, input/output with Schmitt trigger

LlcoMs4——3Y~ _i MSP430x43xIPN (80-Pin) Only
LCDM.6 | 0: Port active ) )
_____ 1: Segment xx function active __
LCDM.7 [ Y :_ Pad Logic
b 4 | I
x43xIPZ and x44xIPZ have not segment | % |
Segment xx Function on Port P3: Both lines are low. | |
D] |
r—J 1
P3SEL.x o | 0: Input |
P3DIR.x _ | 1: Output
Direction Control 15 T |
From Module || |
P30UT.x ; | . |
Module X OUT o [ | Bus [ |
| Keeper | P3.0/STE0/S31
| | P3.1/SIMO0/S30
P3IN.X < P3.2/SOMI0/S29
ST : : P3.3/UCLK0/S28
I j > I
L - |
Module X IN €— < D
Note: 0 =<x =<3
Direction
PnSelx | PnDIRx | Control | PnouTx | Modue X[ oonx | Module X IN
From Module out
P3Sel.0 | P3DIR.0 DVss P30OUT.0 DVss P3IN.O STEO(in)
P3Sel.1 P3DIR.1 DCM_SIMOO| P30OUT.1 SIMOO(out)| P3IN.1 SIMOO(in)
P3Sel.2 | P3DIR.2 | DCM_SOMIO| P3OUT.2 | SOMIO(out) P3IN.2 SOMIO(in)
P3Sel.3 P3DIR.3 DCM_UCLKO| P3OUT.3 | UCLKO(out)] P3IN.3 UCLKO(in)
T T T T T T e L e armmmm v Ll | N
| Direction Control for SIMOO and UCLKO | | Direction Control for SOMIO |
SYNC SYNC }
I DCM_SIMOO (I I
| MM } DCM_UCLKO | | MM DCM_SOMIo |
| STC | | STC |
| STE | | STE |
b o o o J b e e e e J
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input/output schematic (continued)

port P3, P3.4 to P3.7, input/output with Schmitt trigger

0: Port active
1: Segment xx function active :' Pad Logic il
LCDM.7 } |
Segment xx | &4 |
| |
1 I
P3SEL.x 0 I 0: Input I
P3DIR x . | 1: Output |
Direction Control 1 | |
From Module | L 2 |
P30UTxX 0 ! |
|
Module X OUT : Bus | ’j : P3.4/S27
Keeper, P3.5/S26
| 4 ‘ | P3.6/S25/DMAEQ
P3IN.x | W | P3.7/S24
| L9 . |
| j > |
Module X IN <] D !_ ____________ JI
Note: 4<x<7
PnSelx | PnDIRx | Pir-Control | o 5y | ModuleX | 5iNx | Module X IN
from module ouT
P3SEL.4 | P3DIR4 | P3DIR.4 | P30UT4 DVSS P3IN.4 | unused
P3SEL.5 | P3DIR5 | P3DIR5 | P30OUTS DVSS P3IN.5 | unused
P3SEL.6 | P3DIR.6 P3DIR.6 | P3OUT6 DVSS P3IN.6 | DMAEO
P3SEL.7 | P3DIR.7 P3DIR.7 | P3OUT.7 DVSS P3IN.7 | unused

46
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input/output schematic (continued)

port P4, P4.0 to P4.5, input/output with Schmitt trigger

o: port gctive
1: Segment xx function active r ) 7
Port/LCD | Pad Logic |
Segment xx : % :
| \HJ : |
P4SEL.x | 0: Input |
P4DIR.x ! 1: Output |
Direction Control I |
From Module | q |
P40UTx l |
Module X OUT Bus [
| Keeper | P4.0/S9
I I P4.1/S8
| | P4.2/S7
P4IN.x ¢ | | P4.3/S6
| L] hd | P4.4/S5
| :Di | P4.5/4
Module X IN d D b—————————— 4

Note: O0<x<5

Direction Module X
PnSEL.x| PnDIR.x Control PnOUT.x PnIN.x | Module X IN
From Module out
P4SEL.0 | P4DIR.O P4DIR.0 P40UT.0 DVSS P4IN.O unused
P4SEL.1 | P4DIR.1 P4DIR.1 P40UT A DVSS P4IN.1 unused
P4SEL.2 | P4DIR.2 P4DIR.2 P40UT.2 DVSS P4IN.2 unused
P4SEL.3 | P4DIR.3 P4DIR.3 P40UT.3 DVSS P4IN.3 unused
P4SEL.4 | P4DIR.4 P4DIR.4 P40OUT.4 DVSS P4IN.4 unused
P4SEL.5 | P4DIR.5 P4DIR.5 P40OUT.5 DVSS P4IN.5 unused
DEVICE PORT BITS PORT FUNCTION LCD SEG. FUNCTION
F43xIPN 80-pin QFP P4.0 to P4.5 LCDM < 020h LCDM = 020h
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input/output schematic (continued)

port P4, P4.6, input/output with Schmitt trigger

INCH=15%
ats #
0: Segment S3 disabled

1: Segment S3 enabled =

1, if LCDM > 020h ﬁ) Pad Logic
Segment S3 _D—l {>‘|<}
— 1
0: input

P4DIR.6 —% - 1: output
Direction Control 1
From Module 'L
’ <
l/ Bus l/

P40UT.6
Module XOUT 1||— —o0
keeper P4.6/S3/A15
P4IN.6 «¢
Module X IN Q—%

# Signal from or to ADC12

P4SEL.6

Direction Module X

PnSELx| PnDIRX |  Control | PNOUTxX PnINx | Module X IN
From Module out
P4SEL6| P4DIR6| P4DIR6 | P4OUT6| Dvss P4IN.6 unused
DEVICE PORT BITS PORT FUNCTION LCD SEG. FUNCTION
F43xIPN 80-pin QFP P4.6 LCDM < 020h LCDM = 020h
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input/output schematic (continued)

port P4, P4.7, input/output with Schmitt trigger

OAADCO —qﬁ .

INCH=14* LJ

at4#
0: Segment S2 disabled
1: Segment S2 enabled = -
—D Fad Logic
Segment S2 ‘D_l %
S
P4SEL.7 R 0: input
P4DIR.7 . d 1: output
Direction Control o *
From Module : 'L
P40UT.7 % .
Module XOUT 1 [— ! |V Bue |V <
keeper g P4.7/S2/A14
P4IN.7 <
Module X IN Q—%
# Signal from or to ADC12
Direction Module X
PnSel.x | PnDIR.x Control PnOUT.x PnIN.x | Module X IN
From Module out
P4Sel.7 P4DIR.7 P4DIR.7 P40UT.7 DVsg P4IN.7 Unused
DEVICE PORT BITS PORT FUNCTION LCD SEG. FUNCTION
F43xIPN 80-pin QFP P4.7 LCDM < 020h LCDM = 020h
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input/output schematic (continued)

port P5, P5.0, input/output with Schmitt trigger

INCH=13*

a3 #

1, if LCDM > 020h ﬁ:}

OAADCO —qD

0: Segment S1 disabled
1: Segment S1 enabled

Pad Logic

D

Segment S1 —D_l
S
P5SEL.0 .
. o 0 input
P5DIR.0 1: output
Direction Control 1 * ’_Dﬂ\
From Module 'L
P5OUT0 . .
Module XOUT 1j— ! L~ Bus L~ ~
keeper g P5.0/S1/A13
P5IN.0 «¢
Module X IN Q—%
# Signal from or to ADC12
Direction Module X
PnSEL.x| PnDIR.x Control PnOUT.x PniIN.x Module X IN
From Module] out
P5SEL.0| P5DIR.0 P5DIR.0 P50UT.0 DVSS P5IN.O unused
DEVICE PORT BITS PORT FUNCTION LCD SEG. FUNCTION
F43xIPN 80-pin QFP P5.0 LCDM < 020h LCDM = 020h
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input/output schematic (continued)

port P5, P5.1, input/output with Schmitt trigger

INCH=15
a12#

0: Segment SO disableq

- 1: Segment SO enable:
1, if LCDM > 020h Pad Logic

D —
!

P5SEL.1

P5DIR.1 —ﬁ
Direction Control
From Module

P50UT.1
Module XOUTl}

P5IN.1 < +

Module X IN < D

0: input
1: output

<>

P5.1/S0/A12

Bus
keeper

# Signal from or to ADC12

Function | Description P5SEL.1 LCDM
ADC12 Channel 12, A12 1 X
LCD Segment SO, initial state 0 = 20h
Port P5.1 0 < 20h
PnSEL.x PnDIR.x Dir. Control PnOUT.x Module X PniN.x Module X Segment Port/LCD
from Module ouT IN
P5SEL.1 P5DIR.1 P5DIR.1 P50UT. 1 DVSS P5IN.1 Unused S0 0: LCDM<20h
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input/output schematic (continued)

port P5, P5.2 to P5.4, input/output with Schmitt trigger

0: Port active r————-—-—-—-—--——— — 1
_ 1: LCD function active | Pad Logic
Port/LCD | |
LCD signal | M |
| |
1] J
P5SEL.X . I 0: Input |
P5DIR.x | 1: Output |
Direction Control 1 ® | i ' |
From Module L |
P50UT.x I
1 & i Y r Y i
Module X OUT Bus L~
| Keeper | P5.2/COM1
| >—Q | P5.3/COM2
P5IN.x < | W | P5.4/COM3
| L . |
| j > |
Module X IN <] D !_ _!
Note: 2<x<4
Dir. Control Module X . 5
PnSel.x PnDIR.x from module PnOUT.x ouT PnIN.x | Module X IN LCD signal Port/LCD
P5Sel.2 P5DIR.2 P5DIR.2 P50UT.2 DVSS P5IN.2 Unused COM1 P5SEL.2
P5Sel.3 P5DIR.3 P5DIR.3 P50UT.3 DVSS P5IN.3 Unused CcOoM2 P5SEL.3
P5Sel.4 P5DIR.4 P5DIR.4 P50UT.4 DVSS P5IN.4 Unused com3 P5SEL.4
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MIXED SIGNAL MICROCONTROLLER
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input/output schematic (continued)

port P5, P5.5 to P5.7, input/output with Schmitt trigger

0: Port active

— 1: LCD function active :- Pad Logic 1
Port/LCD | |
LCD signal | &4 |
| |
1| J
P5SEL.x . | 0: Input |
P5DIR.x | 1: Output |
Direction Control 1 ® [ i ’ |
From Module L |
P50UT.x I
1 * L 1
Module X OUT
| Keoper ’j | P5.5/R13
P5.6/R23
| ’—@ | P5.7/R33
P5IN.x < I w I
| [ . I
| :) >7 I
Module X IN <] D !_ _!
Note: 5<x<7
Dir. Control Module X . S
PnSel.x | PnDIR.x from module PnOUT.x ouT PnIN.x | Module X IN| LCD signal Port/LCD
P5Sel.5 P5DIR.5 P5DIR.5 P50UT.5 DVSS P5IN.5 Unused R13 P5SEL.5
P5Sel.6 P5DIR.6 P5DIR.6 P50UT.6 DVSS P5IN.6 Unused R23 P5SEL.6
P5Sel.7 P5DIR.7 P5DIR.7 P50UT.7 DVSS P5IN.7 Unused R33 P5SEL.7
‘Ui TEXAS
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input/output schematic (continued)

port P6, P6.0, P6.2, and P6.4, input/output with Schmitt trigger

1, #
INCH=x .
ax
t .
PGSEL'XT 0 input Pad Logic
Di l'on’?tl):)r:t’sn'))l( output
Irecti
From ModuIeT —°
P6OUTX —% »
Module XOUT if— |V Bus | <
keeper P6.0/A0
P6.2/A2
PGIN.X| ¢ P6.4/A4
Module X INTﬂ—%
tx={0,2, 4}
# Signal from or to ADC12
PnSel.x PnDIR.x Dir. Control PnOUT.x Module X OUT PniIN.x Module X IN
From Module
P6Sel.0 P6DIR.0 P6DIR.0 P60OUT.O0 DVss P6IN.O unused
P6Sel.2 P6DIR.2 P6DIR.2 P60OUT.2 DVss P6IN.2 unused
P6Sel.4 P6DIR.4 P6DIR.4 P60OUT.4 DVss P6IN.4 unused
NOTE: The signal at pins P6.x/Ax is used by the 12-bit ADC module.
"Ji TEXAS
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MSP430F43x
MIXED SIGNAL MICROCONTROLLER
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input/output schematic (continued)

port P6, P6.1, input/output with Schmitt trigger

INCH=1#
al # w

P6SEL.1 \ g - Pad Logic
N 0 0: input
o F(’_?DIR.: ol output
irection Control 15
From Module 'L
0
P6OUT.1
Module XOUT ff————— 1 1o | Bus <
keeper P6.1/A1
P6IN.1 <
Module X IN E

# Signal from or to ADC12

PnSel.x PnDIR.x Dir. Control PnOUT.x Module X OUT PniN.x Module X IN
From Module
P6Sel.1 P6DIR.1 P6DIR.1 P60UT.A1 DVss P6IN. 1 unused

NOTE: The signal at pins P6.x/Ax is used by the 12-bit ADC module.
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input/output schematic (continued)

port P6, P6.3, input/output with Schmitt trigger

INCH=3*

a3 #

A

P6SEL.3

P6DIR.3 »
Direction Control

i >O Pad Logic
Bus

From Module
P6OUT.3
Module XOUT -||— <>
keeper P6.3/A3
P6IN.3 <
Module X IN ﬂ—%
# Signal from or to ADC12
PnSel.x PnDIR.x Dir. Control PnOUT.x Module X OUT PniIN.x Module X IN
From Module
P6Sel.3 P6DIR.3 P6DIR.3 P60OUT.3 DVss P6IN.3 unused
NOTE: The signal at pins P6.x/Ax is used by the 12-bit ADC module.
ol
EXAS
INSTRUMENTS
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input/output schematic (continued)

port P6, P6.5, input/output with Schmitt trigger

INCH=5"
P6SEL.5 . d - Pad Logic
0 0: input
Direc F(,'?DltR'f -[ _1: output
Irection Contro 1
From Module —
P60OUT.5 &
Module XOUT jf——— 1 o | Bus <
keeper P6.5/A5
P6IN5 <
Module X IN ﬂ—%
# Signal from or to ADC12
PnSel.x PnDIR.x Dir. Control PnOUT.x Module X OUT PniIN.x Module X IN
From Module
P6Sel.5 P6DIR.5 P6DIR.5 P60OUT.5 DVsg P6IN.5 unused

NOTE: The signal at pins P6.x/Ax is used by the 12-bit ADC module.
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input/output schematic (continued)

port P6, P6.6, input/output with Schmitt trigger

0: Port active, T-Switch off
1: T-Switch is on, Port disabled

INCH=6" L
P6SEL.6 S 0: input Pad Logic
P6DIR.6 N 1: output
P6DIR.6 1o IL .,_Dﬂ\
P6OUT.6 S
1 -
pvss - - oot - P6.6/A6
-
P6IN.6
LY
‘_%
#  Signal from or to ADC12
PnSel.x PnDIR.x F?érhcn‘;g::lle PnOUT.x Module X OUT PniIN.x Module X IN
P6Sel.6 P6DIR.6 P6DIR.6 P60OUT.6 DVss P6IN.6 unused

NOTE: The signal at pins P6.x/Ax is used by the 12-bit ADC module.

58

‘4‘ TeEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265
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MIXED SIGNAL MICROCONTROLLER

SLAS713 - JUNE 2010

input/output schematic (continued)

port P6, P6.7, input/output with Schmitt trigger

To SVS Mux (15) $ —<

0: Port active, T-Switch off

1: T-Switch is on, Port disabled
INCH=7# -
1, ifVLD=15"——————} "\ =
* i Pad Logic
P6SEL.7 —48M / 0 0: input
P6DIR.7 - 1: output
P6DIR.7 do
P6OUT.7 g N
DVSS ) | Bus |l
keeper P6.7/A7/SVSIN
PEIN.7 <
‘_%
# Signal from or to ADC12
$  Signal to SVS block, selected if VLD=15
* VLD control bits are located in SVS
Dir. Control
PnSel.x PnDIR.x PnOUT.x Module X OUT PnIN.x Module X IN
From Module
P6Sel.7 P6DIR.7 P6DIR.7 P60OUT.7 DVgs P6IN.7 unused

NOTE: The signal at pins P6.x/Ax is used by the 12-bit ADC module.
The signal at pin P6.7/A7/SVSIN is also connected to the input multiplexer in the module brownout/supply voltage supervisor.
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input/output schematic (continued)

JTAG pins TMS, TCK, TDI/TCLK, TDO/TDI, input/output with Schmitt trigger or output

E»%———£>

I

I

I

|_@_I— I
Controlled by JTAG |

|

I
I
I
I
I
| [ _
| JTAG TDO/TDI
| | Controlled | v |
| | by JTAG PVec |
| |
I |
I I |
I | { |
I [ |
| |4 — Burn and Test |
| | | Fuse |
I [ T I
| | Lt - — —— — — — — — — — — TDI/TCLK— -
| Test | '— - - -] _l
DV,
L <
| Emulation || TMS |
| Module T < T |
| | - - —— ™s —-
| | ro—o————----"-">""—-"—-"—-""—-"—-""—-— |
| ] DVee |
| 1 o |
| T
| | b TCK —-
L 4

TCK {>O G |
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JTAG fuse check mode

MSP430 devices that have the fuse on the TDI/TCLK 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 (Iirr)) of 1 mA at 3 V can flow from the TDI/TCLK 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.
Activation of the fuse check mode occurs with the first negative edge on the TMS pin after power up or if the
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 only flows when the fuse check mode is active and the TMS pin is in a low state (see
Figure 21). Therefore, the additional current flow can be prevented by holding the TMS pin high (default
condition). The JTAG pins are terminated internally and therefore do not require external termination.

Time TMS Goes Low After POR —¢
™S L

IRy —
IroiTeLk Syl ——

Figure 21. Fuse Check Mode Current
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Revision History

Literature
Number

Summary

SLAS713

Production Data release

NOTE: Page and figure numbers refer to the respective document revision.
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Corrections to MSP430F438, MSP430F439 Data Sheet

Manual Update Sheet
SLAZ560—-December 2013

(SLAS713)

Document Being Updated: MSP430F438, MSP430F439 Mixed Signal Microcontroller
Literature Number Being Updated: SLAS713

Page
44

45

46

47

48

49

50

51

Change or Add

In both entries in the "Port/LCD" column of the table:
0: LCDM < 40h should be changed to 0: LCDPx < 02h.

In the top left of the figure:

LCDM.5 should be changed to bit 0 of LCDPx, which is bit 5 of the LCDCTL register.
LCDM.6 should be changed to bit 1 of LCDPx, which is bit 6 of the LCDCTL register.
LCDM.7 should be changed to bit 2 of LCDPx, which is bit 7 of the LCDCTL register.

In the top left of the figure:

LCDM.7 should be changed to bit 2 of LCDPx, which is bit 7 of the LCDCTL register.

In the table at the bottom of the page:

LCDM < 020h should be changed to LCDPx < 01h.
LCDM = 020h should be changed to LCDPx 2 01h.

In the top left of the figure:

LCDM = 020h should be changed to LCDPx 2 01h.

In the table at the bottom of the page:

LCDM < 020h should be changed to LCDPx < 01h.
LCDM = 020h should be changed to LCDPx 2 01h.

In the top left of the figure:

LCDM = 020h should be changed to LCDPx 2 01h.

In the table at the bottom of the page:

LCDM < 020h should be changed to LCDPx < 01h.
LCDM = 020h should be changed to LCDPx 2 01h.

In the top left of the figure:
LCDM = 020h should be changed to LCDPx 2 01h

In the table at the bottom of the page:

LCDM < 020h should be changed to LCDPx < 01h.
LCDM = 020h should be changed to LCDPx 2 01h.

In the top left of the figure:

LCDM = 020h should be changed to LCDPx 2 01h.

In the first table on the page:

The LCDM column heading should be changed to LCDPx.

= 20h should be changed to 2 01h.
< 20h should be changed to < 01h.

In the "Port/LCD" column of the table on the bottom of the page:

0: LCDM < 20h should be changed to 0: LCDPx < 01h.

SLAZ560—December 2013

Submit Documentation Feedback
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)

MSP430F438IPN Active Production LQFP (PN) | 80 119 | JEDEC Yes NIPDAU Level-3-260C-168 HR -40to 85 M430F438
TRAY (10+1)

MSP430F438IPN.A Active Production LQFP (PN) | 80 119 | JEDEC Yes NIPDAU Level-3-260C-168 HR -40to 85 M430F438
TRAY (10+1)

MSP430F438IPNR Active Production LQFP (PN) | 80 1000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40to 85 M430F438

MSP430F438IPNR.A Active Production LQFP (PN) | 80 1000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40to 85 M430F438

MSP430F439IPN Active Production LQFP (PN) | 80 119 | JEDEC Yes NIPDAU Level-3-260C-168 HR -40 to 85 M430F439
TRAY (10+1)

MSP430F439IPN.A Active Production LQFP (PN) | 80 119 | JEDEC Yes NIPDAU Level-3-260C-168 HR -40to 85 M430F439
TRAY (10+1)

MSP430F439IPNR Active Production LQFP (PN) | 80 1000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40to 85 M430F439

MSP430F439IPNR.A Active Production LQFP (PN) | 80 1000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 85 M430F439

@ status: For more details on status, see our product life cycle.

@ material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the TI RoHS Statement for additional information and value definition.

@ | ead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

© part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the previous line and the two
combined represent the entire part marking for that device.
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Important Information and Disclaimer:The information provided on this page represents TI'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 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.
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TAPE AND REEL INFORMATION

REEL DIMENSIONS TAPE DIMENSIONS

L |+ KO |4 P1—»]
DO OO0 OO T
o| |e &|( o W
Rl |
L & Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A
W

Overall width of the carrier tape
i P1 | Pitch between successive cavity centers

T Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE

O O O O OO0 OO0

| |
I I
| R N R —

Sprocket Holes

| |
Q3 1 Q4 Q3 | User Direction of Feed

[ & |

T T

AN

Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)

MSP430F438IPNR LQFP PN 80 1000 330.0 24.4 15.0 | 15.0 2.1 20.0 | 24.0 Q2
MSP430F439IPNR LQFP PN 80 1000 330.0 24.4 15.0 | 15.0 2.1 20.0 | 24.0 Q2
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TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
MSP430F438IPNR LQFP PN 80 1000 367.0 367.0 45.0
MSP430F439IPNR LQFP PN 80 1000 367.0 367.0 45.0
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PACKAGE MATERIALS INFORMATION

I3 TEXAS
INSTRUMENTS
www.ti.com 23-May-2025
TRAY
L - Outer tray length without tabs KO -
< > Outer
tray
++++++++++++++ 4+ heignt
- A
++++++++++++++ +
| W -
1 e e e e e e i e e i e i o [ PO
— tra
[+ +++++++++++++ +[{0
++++++++++++++ 4+
> | |
{F+++++4F+++++++
{ ‘— [ i
|
P1 - Tray unit pocket pitch
CW - Measurement for tray edge (Y direction) to corner pocket center
— CL - Measurement for tray edge (X direction) to corner pocket center
Chamfer on Tray corner indicates Pin 1 orientation of packed units.
*All dimensions are nominal
Device Package | Package | Pins | SPQ |Unit array Max L (mm)] W KO P1 CL Ccw
Name Type matrix [temperature (mm) | (um) [ (mm) | (mm) [ (mm)
(69
MSP430F438IPN PN LQFP 80 119 717 180 315 | 135.9| 7620 | 179 | 14.3 | 13.95
MSP430F438IPN.A PN LQFP 80 119 7xX17 180 315 | 135.9| 7620 | 179 | 14.3 | 13.95
MSP430F439IPN PN LQFP 80 119 7x17 180 315 | 1359 7620 | 17.9 | 14.3 | 13.95
MSP430F439IPN.A PN LQFP 80 119 717 180 315 | 135.9| 7620 | 17.9 | 14.3 | 13.95
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PNOOSOA

PACKAGE OUTLINE
LQFP - 1.6 mm max height

PLASTIC QUAD FLATPACK

12.2

PIN 11D

11.8

61

1

NN RRN RN R RTAAAR

N\

1 %HHHHHHHHHHHHHHHHHHH

N

AU R

14.2

138 TYP

V4

76X -

NI ITTTUTTUOUUUIIU

4X|9.5

41

| o027
80X 517

[ Jo.080 [c|A[B]

— 1.6 MAX

(0.13) TYP ;/ [

UL S,

SEATING PLANE

L 0.05 MIN

DETAIL A

TYPICAL

4215166/A 08/2022

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. Reference JEDEC registration MS-026.
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EXAMPLE BOARD LAYOUT
PNOOSOA LQFP - 1.6 mm max height

PLASTIC QUAD FLATPACK

SYMM

oxan—1 ORI :

11

— ==
80X (0.3) T % ! %
|
|

-

——
==
76X (0.5) r

(R0.05) TYP — &

(13.4)

e
—
==
=
D
=
a
—
8
|
JLA
|
.

|
|
|
|
|
L (13.4)

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:6X

0.05 MAX
EXPOSED METAL ALL AROUND EXPOSED METAL 0.05 MIN
\\ ALL AROUND
777777777777 {

N
METAL SOLDER MASK SOLDER MASKJ XMETAL UNDER
OPENING SOLDER MASK
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED

SOLDER MASK DETAILS

4215166/A 08/2022

NOTES: (continued)

4. Publication IPC-7351 may have alternate designs.
5. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
6. For more information, see Texas Instruments literature number SLMAO04 (www.ti.com/lit/sima004).
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EXAMPLE STENCIL DESIGN
PNOOSOA LQFP - 1.6 mm max height

PLASTIC QUAD FLATPACK

S\((LMM
80 | 61
oves - HHHREREHORAA - ——— T
Ll% | 60
80X (0.3)T % i %
JE== i ==
76X (0.5) T % 77777777 - % 778EMM
(13.4)

(R0.05) TYP — %
——

=
=
==
—
-
==

|
.

B

|
|
|
|
| |
L (13.4) 4

SOLDER PASTE EXAMPLE
BASED ON 0.1 mm THICK STENCIL
SCALE:6X

4215166/A 08/2022

NOTES: (continued)

7. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
8. Board assembly site may have different recommendations for stencil design.
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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 Tl 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, regulatory 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 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, TI's General Quality Guidelines, 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 Tl products. Unless Tl explicitly designates a product as custom or customer-specified, TI products
are standard, catalog, general purpose devices.

Tl objects to and rejects any additional or different terms you may propose.

Copyright © 2025, Texas Instruments Incorporated
Last updated 10/2025
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