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MIXED SIGNAL MICROCONTROLLER

Check for Samples: MSP430F2274-EP

FEATURES
* Low Supply Voltage Range 1.8 Vto 3.6 V » 10-Bit, 200-ksps A/D Converter With Internal
« Ultralow-Power Consumption Reference, Sample-and-Hold, and Autoscan

and Data Transfer Controller
» Two Configurable Operational Amplifiers
« Brownout Detector

Serial Onboard Programming, No External
Programming Voltage Needed Programmable

— Active Mode: 270 yA at 1 MHz, 2.2 V
— Standby Mode: 0.7 pA
— Off Mode (RAM Retention): 0.1 yA
» Ultrafast Wake-Up From Standby Mode in Less

than 1 us 4 .
. . . Code Protection by Security Fuse
» 16-Bit RISC Architecture, 62.5 ns Instruction B Load
Cycle Time ootstrap Loader

* On-Chip Emulation Logic

* Family Members Include the MSP430F2274
With 32KB + 256B Flash Memory, 1KB RAM

* Available in 40-Pin QFN Package and 38-Pin
Thin Shrink Small-Outline DA Package

* For Complete Module Descriptions, Refer to
the MSP430x2xx Family User'sGuide

» Basic Clock Module Configurations

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

— Internal Very Low Power LF Oscillator

— 32-kHz Crystal
(Available Only from -55°C to 105°C)

— High-Frequency Crystal up to 16 MHz

(Available Only from -55°C to 125°C) SUPPORTS DEFENSE, AEROSPACE,
— Resonator AND MEDICAL APPLICATIONS
— External Digital Clock Source « Controlled Baseline
— External Resistor « One Assembly/Test Site
» 16-Bit Timer_A With Three Capture/Compare « One Fabrication Site
Registers

* Available in Military (-55°C/125°C)
Temperature Range®

+ Extended Product Life Cycle
+ Extended Product-Change Notification
* Product Traceability

» 16-Bit Timer_B With Three Capture/Compare
Registers
» Universal Serial Communication Interface
— Enhanced UART Supporting
Auto-Baud-Rate Detection (LIN)
— IrDA Encoder and Decoder
— Synchronous SPI

— 1’Cc™ (1) Custom temperature ranges available

DESCRIPTION

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 attribute to maximum code efficiency.
The digitally controlled oscillator (DCO) allows wake-up from low-power modes to active mode in less than 1 ps.

The MSP430F2274M series is an ultralow-power mixed signal microcontroller with two built-in 16-bit timers, a
universal serial communication interface, 10-bit A/D converter with integrated reference and data transfer
controller (DTC), two general-purpose operational amplifiers in the MSP430F2274M devices, and 32 I/O pins.

A 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.
All trademarks are the property of their respective owners.

PRODUCTION DATA information is current as of publication date. Copyright © 2008-2011, Texas Instruments Incorporated
Products conform to specifications per the terms of the Texas !

Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.
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Typical applications include sensor systems that capture analog signals, convert them to digital values, and then
process the data for display or for transmission to a host system. Stand-alone RF sensor front end is another
area of application.

Table 1. ORDERING INFORMATION®

Ta PACKAGE®@ ORDERABLE PART NUMBER
QFN (RHA) MSP430F2274MRHATEP
DA (TSSOP) MSP430F2274MDATEP

-55°C to 125°C

(1) 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.

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

DEVICE PINOUTS

RHA PACKAGE

(TOP VIEW)
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DVSS [? 30 || P1.1/TAO
XOUT /P2.7 [| 2 29 [ P1.0/TACLK /ADC10CLK
XIN/P2.6 [| 3 28 || P2.4/TA2/A4/VREF +/VeREF +/OA 110
Dvss [ 4 27 || P2.3/TA1/A3/VREF -/VeREF -/OA111/0A10
RST/NMI/SBWTDIO [| 5 26 || P3.7/A7/0A 112
P2.0/ACLK/A0/OAOIO [| 6 25 || P3.6/A6/0A 012
P2.1/TAINCLK /SMCLK /A1/0A00 [| 7 24 || P3.5/UCA ORXD /UCA 0SOMI
P2.2/TAO/A2/0A0I [| 8 23 || P3.4/UCA 0TXD /UCA0SIMO
P3.0/UCBOSTE /UCAOCLK/AS5 [| 9 22 || P4.7/TBCLK
P3.1/UCBOSIMO /UCBOSDA || 1 | P4.6/TBOUTH /A15/0A 113
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AVSS
AVCC
P4.0/TBO
P4.1/TB1
P4.2/TB2

P3.2/UCBOSOMI/UCBOSCL
P3.3/UCBOCLK/UCAOSTE
P4.3/TB0/A12/0A00
P4.4/TB1/A13/0A10
P4.5/TB2/A14/0A0I3

TI=TI

O M4F2274 YM = YEAR/MONTH
MRHATEP LLLL = LOT TRACE CODE
TI YMS S = ASSEMBLY SITE CODE
LLLLG4 G4 = RoHS with underscore

O = PIN 1 indicator

2 Copyright © 2008-2011, Texas Instruments Incorporated
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DA PACKAGE
(TOP VIEW)
TesT/sBwTcK [I[ 1 O 38[) P1.7/TA2TDO/TDI
pvee [I] 2 37[1] P1.6/TA1/TDI
P2.5/Rosc [[] 3 36[1] P1.5/TAO/TMS
pvss [[] 4 35[]] P1.4/SMCLK/TCK
xoutp2.7 L] 5 34[T] P1.3/TA2
XIN/P2.6 [T] 6 33[]] P1.2/TA1
RST/NMI/SBWTDIO [[| 7 32[T] p1.1/TA0
P2.0/ACLK/A0/0A0I0 [[] 8 31[1] P1.0/TACLK/ADC 10CLK
P2.1/TAINCLK/SMCLK/A1/0A00 [I] 9 30 (1] P2.4/TA2/A4/VREF+/VeREF+/OA110
P2.2/TA0/A2/0A0I1 [T] 10 29 [T] P2.3/TA1/A3/VREF-/VeREF-/OA111/0A10
P3.0/UCB 0STE/UCA 0CLK/A5 ] 11 28[[] P3.7/A7/0A112
P3.1/UCB 0SIMO/UCB 0SDA [[] 12 27[1] p3.6/A6/0A012
P3.2/UCB 0SOMIUCB 0SCL [[] 13 26 [T] P3.5/UCAORXD/UCAOSOMI
P3.3/UCB 0CLK/UCA 0STE [[| 14 25(1] p3.4/UCAOTXD/UCAOSIMO
Avss [[] 15 24([l p4.7/TBCLK
Avcc [I] 16 23 ([] P4.6/TBOUTH/A15/0A113
Pa.0rBo [[] 17 22(T] p4.5/TB2/A14/0A113
Pa.1TB1[I] 18 21[]] Pa.4/TB1/A13/0A10
pa.2rrB2 (L] 19 20[1] P4.3/TBO/A12/0A00
FUNCTIONAL BLOCK DIAGRAM
VCC VSS P1.x/P2.x P3.x/P4.x

RST/NMI

NOTE: See port schematics section for detailed 1/O information.

»
:

»

H ' ACLK ADC1‘O Ports P1/P2

H Basic Clock Flash RAM 10-Bit Ports P3/P4
’ System+ OA0, OAL 2x8 110

: - SMCLK 32kB 1kB 12 Interrupt 2x8 110

: 16kB 512B Channels, 2 Op Amps capability, | Jpull-up/down
H MCLK 8kB 512B Autoscan, pull-up/down resistors
: DTC resistors

;

H 16MHz MAB

: CPU

] incl. 16

H .

: Registers MDB

»

1]

]

: Emulation

H (2BP) Timer_B3

H | .
' Watchdog Timer_A3 LLJJ Asg-lmﬁ?\,
» JTAG Brownout WDT+ 3CC IrDA, SPI
: Interface Protection 3CC Registers,

: 15/16-Bit | | Registers srgggw USSPCiITZBg:
H Spy-Bi Wire

:

]

»,
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TERMINAL FUNCTIONS®

TERMINAL
DA RHA e} DESCRIPTION
NAME NO. NO.
General-purpose digital /O pin
P1.0/TACLK/ADC10CLK 31 29 I/0O | Timer_A, clock signal TACLK input
ADC10, conversion clock
General-purpose digital /O pin
P1.1/TAO 32 30 I/O | Timer_A, capture: CCIOA input, compare: OUTO output/BSL
transmit
General-purpose digital /O pin
P1.2[TAL 33 sl Vo Timer_A, capture: CCI1A input, compare: OUT1 output
General-purpose digital I/O pin
P1.3/TA2 34 32 Vo Timer_A, capture: CCI2A input, compare: OUT2 output
P1.4/SMCLK/TCK 35 33 /o General-pu_rpose digital ‘I/O pln/SMCL_K signal output
Test Clock input for device programming and test
General-purpose digital /0 pin/Timer_A, compare: OUTO output
P15/TAOITMS 36 34 Vo Test Mode Select input for device programming and test
General-purpose digital 1/0 pin/Timer_A, compare: OUT1 output
PL6/TALTDITCLK 37 35 Vo Test Data Input or Test Clock Input for programming and test
@ General-purpose digital /0 pin/Timer_A, compare: OUT2 output
PL7/TA2[TDO/TDI 38 36 Vo Test Data Output or Test Data Input for programming and test
General-purpose digital 1/0 pin/ACLK output
P2.0/ACLKIAQ/OACIO 8 6 Vo ADC10, analog input A0 / OAO, analog input 10
General-purpose digital I/O pin/Timer_A, clock signal at INCLK
P A/TAINCLKISMCLKIAL! 9 7 IO | SMCLK signal output
ADC10, analog input A1/OAO, analog output
General-purpose digital I/O pin
P2 2/TAO/A2/OAOIL 10 8 /o ZLT;Jt_A, capture: CCIOB input/BSL receive, compare: OUTO
ADC10, analog input A2/OAQ, analog input 11
General-purpose digital /O pin
P2.3/TA1/A3INVRer—~/Verer-/ 29 27 o) Timer_A, capture CCI1B input, compare: OUT1 output
OA1I1/0A10 ADCI10, analog input A3 / negative reference voltage output/input
OAL1, analog input I11/0A1, analog output
General-purpose digital /0 pin/Timer_A, compare: OUT2 output
P2.4/TA2/A4IN Rep+/Verer+/OALI0 30 28 I/0 | ADC10, analog input A4/positive reference voltage output/input
OAL1, analog input 10
General-purpose digital I/O pin
P2.5/Rosc 3 40 Vo Input for external DCO resistor to define DCO frequency
XIN/P2.6 6 3 /o Input terminal of cr_ys_tal oscillgtor
General-purpose digital I/O pin
Output terminal of crystal oscillator
XouT/p2.7 5 2 Vo General-purpose digital 1/0 pin
General-purpose digital /O pin
P3.0/UCBOSTE/UCAOCLK/A5 11 9 I/0 | USCI_BO slave transmit enable/USCI_AO clock input/output
ADC10, analog input A5
General-purpose digital /O pin
P3.1/UCBOSIMO/UCBOSDA 12 10 I/0 | USCI_BO slave in/master out in SPI mode, SDA I12C data in 12C
mode
General-purpose digital /O pin
P3.2/UCB01SOMI/UCBOSCL 13 11 I/0O | USCI_BO slave out/master in SPI mode, SCL I°C clock in 12C
mode
General-purpose digital /O pin
P3.3/UCBOCLK/UCAOSTE 14 12 Vo USCI_BO clock input/output/USCI_AO slave transmit enable
General-purpose digital /O pin
P3.4/UCAOTXD/UCAOSIMO 25 23 I/0 | USCI_AO transmit data output in UART mode, slave in/master out
in SPI mode

(1) If XOUT/P2.7ca? is used as an input, excess current flows until P2SEL.7 is cleared. This is due to the oscillator output driver connection

to this pad after reset.

(2) TDO or TDI is selected via JTAG instruction.

4
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TERMINAL FUNCTIONS® (continued)

TERMINAL
DA RHA lfe} DESCRIPTION
NAME NO. NO.

General-purpose digital /O pin

P3.5/UCAORXD/UCAO0SOMI 26 24 /0 | USCI_AO receive data input in UART mode, slave out/master in in
SPI mode
General-purpose digital /O pin

P3.6/A6/O0A0I2 21 25 Vo ADC10 analog input A6/OAO analog input 12
General-purpose digital 1/0 pin

P3.7IATIOALI2 28 26 Vo ADC10 analog input A7/OA1 analog input 12
General-purpose digital /O pin

P4.0/TBO v 15 Vo Timer_B, capture: CCIOA input, compare: OUTO output
General-purpose digital 1/0 pin

P4.1/TB1 18 16 Vo Timer_B, capture: CCI1A input, compare: OUT1 output
General-purpose digital /O pin

P4.2/TB2 19 1 Vo Timer_B, capture: CCI2A input, compare: OUT2 output
General-purpose digital 1/0 pin

P4.3/TB0/A12/OA00 20 18 /O | Timer_B, capture: CCIOB input, compare: OUTO output
ADC10 analog input A12/0OA0 analog output
General-purpose digital 1/0 pin

P4.4/TB1A13/0A10 21 19 /O | Timer_B, capture: CCI1B input, compare: OUT1 output
ADC10 analog input A13/0OA1 analog output
General-purpose digital 1/0 pin

P4.5/TB2A14/0A013 22 20 /O | Timer_B, compare: OUT2 output
ADC10 analog input A14/OA0 analog input 13
General-purpose digital 1/0 pin

P4.6/TBOUTHA15/0A1I3 23 21 I/O | Timer_B, switch all TBO to TB3 outputs to high impedance
ADC10 analog input A15/0A1 analog input 13
General-purpose digital 1/0 pin

P4.7ITBCLK 24 22 Vo Timer_B, clock signal TBCLK input
Reset or nonmaskable interrupt input

RST/NMI/SBWTDIO 7 5 ! Spy-Bi-Wire test data input/output during programming and test
Selects test mode for JTAG pins on Portl. The device protection

TEST/SBWTCK 1 37 | | fuse is connected to TEST.
Spy-Bi-Wire test clock input during programming and test

DVce 2 38, 39 Digital supply voltage

AVcce 16 14 Analog supply voltage

DVss 4 1,4 Digital ground reference

AVss 15 13 Analog ground reference

QFN Pad NA Paf,';ﬁge NA | QFN package pad connection to DVgg recommended.

Copyright © 2008-2011, Texas Instruments Incorporated



http://focus.ti.com/docs/prod/folders/print/msp430f2274-ep.html
http://www.ti.com

MSP430F2274-EP

SLAS614D —SEPTEMBER 2008-REVISED MAY 2011

13 TEXAS
INSTRUMENTS

www.ti.com

SHORT-FORM DESCRIPTION

CPU

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

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

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

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

Instruction Set

The instruction set consists of 51 instructions with
three formats and seven address modes. Each
instruction can operate on word and byte data.
Table 2 shows examples of the three types of
instruction formats; the address modes are listed in
Table 3.

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

R9

General-Purpose Register

R10

General-Purpose Register

R11

General-Purpose Register

R12

General-Purpose Register

R13

General-Purpose Register

R14

| General-Purpose Register

General-Purpose Register

R15

|R8

Table 2. Instruction Word Formats

Dual operands, source-destination e.g., ADD R4,R5

R4 + R5 - R5

Single operands, destination only e.g., CALL R8

PC — (TOS), R8 — PC

Relative jump, un/conditional e.g., INE

Jump-on-equal bit = 0

Table 3. Address Mode Descriptions

ADDRESS MODE s | p@ SYNTAX EXAMPLE OPERATION
Register . . MOV Rs,Rd MOV R10,R11 R10 — R11
Indexed . . MOV X(Rn),Y(Rm) MOV 2(R5),6(R6) M(2+R5) — M(6+R6)

Symbolic (PC relative) . . MOV EDE,TONI M(EDE) — M(TONI)

Absolute

MOV &MEM,&TCDAT

M(MEM) — M(TCDAT)

Indirect

MOV @Rn,Y(Rm)

MOV @R10,Tab(R6)

M(R10) — M(Tab+R6)

Indirect autoincrement

MOV @Rn+,Rm

MOV @R10+,R11

M(R10) — R11
R10 + 2 — R10

Immediate

MOV #X,TONI

MOV #45,TONI

#45 — M(TONI)

(1) S =source
(2) D = destination

Copyright © 2008-2011,

Texas Instruments Incorporated
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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.
* Low-power mode 0 (LPMO)
— CPU is disabled.
ACLK and SMCLK remain active. MCLK is disabled.
* Low-power mode 1 (LPM1)
— CPU is disabled ACLK and SMCLK remain active. MCLK is disabled.
DCO's dc-generator is disabled if DCO not used in active mode.
* Low-power mode 2 (LPM2)
— CPU is disabled.
MCLK and SMCLK are disabled.
DCO's dc-generator remains enabled.
ACLK remains active.
* Low-power mode 3 (LPM3)
— CPU is disabled.
MCLK and SMCLK are disabled.
DCO's dc-generator is disabled.
ACLK remains active.
* Low-power mode 4 (LPM4)
— CPU is disabled.
ACLK is disabled.
MCLK and SMCLK are disabled.
DCO's dc-generator is disabled.
Crystal oscillator is stopped.

Copyright © 2008-2011, Texas Instruments Incorporated 7
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Interrupt Vector Addresses

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

If the reset vector (located at address OFFFEh) contains OFFFFh (e.g., flash is not programmed), the CPU goes

into LPM4 immediately after power up.

SYSTEM
INTERRUPT SOURCE INTERRUPT FLAG INTERRUPT WORD ADDRESS PRIORITY
Power up PORIFG
External reset RSTIFG
Watchdog WDTIFG Reset OFFFEh 31, highest
Flash key violation KEYV
PC out-of-range® @
NMI NMIIFG (non)-maskable,
Oscillator fault OFIFG (non)-maskable, OFFFCh 30
Flash memory access violation ACCVIFG @ @ (non)-maskable
Timer_B3 TBCCRO CCIFG® maskable OFFFAh 29
' TBCCR1 and TBCCR2
Timer_B3 CCIFGs, TBIFG® @ maskable OFFF8h 28
OFFF6h 27
Watchdog Timer WDTIFG maskable OFFF4h 26
Timer_A3 TACCRO CCIFG®™ maskable OFFF2h 25
TACCR1 CCIFG,
Timer_A3 TACCR2 CCIFG, maskable OFFFOh 24
TAIFG @ @
USCI_AO/USCI_BO Receive UCAORXIFG, UCBORXIFG® maskable OFFEEh 23
USCI_AO/USCI_BO Transmit UCAOTXIFG, UCBOTXIFG®@ maskable OFFECh 22
ADC10 ADC10IFG®™ maskable OFFEAh 21
OFFESh 20
I/0 Port P2 (eight flags) P2IFG.6 to P2IFG.7() ) maskable OFFE6h 19
1/0 Port P1 (eight flags) P1IFG.0 to P1IFG.7® @) maskable OFFE4h 18
OFFE2h 17
OFFEOh 16
©) OFFDEh 15
® OFFDCh ... OFFCOh | 14 ... 0, lowest

(1) Avresetis generated if the CPU tries to fetch instructions from within the module register memory address range (Oh—01FFh) or from

within unused address range.
(2) Multiple source flags

(3) (non)-maskable: the individual interrupt-enable bit can disable an interrupt event, but the general interrupt enable cannot.
Nonmaskable: neither the individual nor the general interrupt-enable bit disables an interrupt event.
(4) Interrupt flags are located in the module.
(5) This location is used as bootstrap loader security key (BSLSKEY). A 0AA55h at this location disables the BSL completely. A zero (0h)
disables the erasure of the flash if an invalid password is supplied.
(6) The interrupt vectors at addresses OFFDCh to OFFCOh are not used in this device and can be used for regular program code if

necessary.

Copyright © 2008-2011, Texas Instruments Incorporated
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Special Function Registers

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

Interrupt Enable 1 and 2

Address 7 6 5 4 3 2 1 0
] 00h | | | accvie | ~mie | | | ofFE | woTE |
rw-0 rw-0 rw-0 rw-0
WDTIE: Watchdog Timer interrupt enable. Inactive if watchdog mode is selected. Active if Watchdog Timer
is configured in interval timer mode.
OFIE: Oscillator fault enable
NMIIE: (Non)maskable interrupt enable

ACCVIE: Flash access violation interrupt enable

Address 7 6 5 4 3 2 1 0
\ 01h | | | | UCBOTXIE | UCBORXIE | UCAOTXIE | UCAORXIE
rw-0 rw-0 rw-0 rw-0

UCAORXIE USCI_AO receive-interrupt enable
UCAOTXIE USCI_AO transmit-interrupt enable
UCBORXIE USCI_BO receive-interrupt enable
UCBOTXIE USCI_BO transmit-interrupt enable

Interrupt Flag Register 1 and 2

Address 7 6 5 4 3 2 1 0
\ 02h | | | | NMIFG | RSTIFG | PORIFG | OFIFG | WDTIFG |
rw-0 rw-(0) rw-(1) rw-1 rw-(0)

WDTIFG: Set on Watchdog Timer overflow (in watchdog mode) or security key violation.
Reset on V¢ power-up or a reset condition at RST/NMI pin in reset mode.

OFIFG:  Flag set on oscillator fault

RSTIFG: External reset interrupt flag. Set on a reset condition at RST/NMI pin in reset mode. Reset on V¢
power up.

PORIFG: Power-On Reset interrupt flag. Set on V¢ power up.
NMIIFG: Set via RST/NMI-pin

Address 7 6 5 4 3 2 1 0
03h uUCBO UCBO UCAO UCAOQ
TXIFG RXIFG TXIFG RXIFG
rw-1 rw-0 rw-1 rw-0

UCAORXIFG USCI_AO receive-interrupt flag
UCAOTXIFG USCI_AO0 transmit-interrupt flag
UCBORXIFG USCI_BO receive-interrupt flag
UCBOTXIFG USCI_BO0 transmit-interrupt flag

Copyright © 2008-2011, Texas Instruments Incorporated 9
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Legend:
rw:
rw-0, 1:
rw-(0), (1):

Memory Organization

Bit can be read and written.

Bit can be read and written. It is Reset or Set by PUC.

Bit can be read and written. It is Reset or Set by POR.

SFR bit is not present in device.

MSP430F223x MSP430F225x MSP430F227x
Memory Size 8KB Flash 16KB Flash 32KB Flash
Main: interrupt vector Flash OFFFFh—OFFCOh OFFFFh—OFFCOh OFFFFh—-OFFCOh
Main: code memory Flash OFFFFh—-0E000Nh OFFFFh—-0CO000h OFFFFh-08000h
Information memor Size 256 Byte 256 Byte 256 Byte
y Flash 010FFh-01000h 010FFh-01000h 010FFh—01000h
Size 1KB 1KB 1KB
Boot memory ROM OFFFh—0C00h OFFFh-0CO0h OFFFh—-0C00h
. 512 Byte 512 Byte 1KB
RAM Size 03FFh-0200h 03FFh-0200h 05FFh—0200h
16-bit 01FFh—-0100h 01FFh—-0100h 01FFh-0100h
Peripherals 8-bit OFFh-010h OFFh-010h OFFh-010h
8-bit SFR OFh—00h O0Fh—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 application report, Features of the MSP430
Bootstrap Loader, Tl literature number SLAA089.

Flash Memory

BSL Function

DA Package Pins

RHA Package Pins

Data Transmit

32-P11

30-P1.1

Data Receive

10 - P2.2

8§-P2.2

The flash memory can be programmed via the Spy-Bi-Wire/JTAG port, or in-system by the CPU. The CPU can
perform single-byte and single-word writes to the flash memory. Features of the flash memory include:

* Flash memory has n segments of main memory and four segments of information memory (A to D) of 64

bytes each. Each segment in main memory is 512 bytes in size.

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

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

required.

10
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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, refer to the MSP430x2xx Family User's Guide.

Oscillator and System Clock

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

» Auxiliary clock (ACLK), sourced either from a 32768-Hz watch crystal or the internal LF oscillator for -55°C to

105°C operation. For > 105°C, use external clock source.
* Main clock (MCLK), the system clock used by the CPU

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

DCO Calibration Data (provided from factory in flash info memory segment A)

DCO Frequency Calibration Register Size Address
CALBC1_1MHZ byte 010FFh

1 MHz =
CALDCO_1MHZ byte 010FEh
CALBC1_8MHZ byte 010FDh

8 MHz =
CALDCO_8MHZ byte 010FCh
CALBC1_12MHZ byte 010FBh

12 MHz —
CALDCO_12MHZ byte 010FAh
CALBC1_16MHZ byte 010F9h

16 MHz —
CALDCO_16MHZ byte 010F8h

Brownout

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

Digital I/O

There are four 8-bit I/O ports implemented — ports P1, P2, P3, and P4:

« All individual I/O bits are independently programmable.

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

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

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

WDT+ 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 disabled or configured as an interval timer and can
generate interrupts at selected time intervals.

Copyright © 2008-2011, Texas Instruments Incorporated 11
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Timer_A3

Timer_A3 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.

www.ti.com

Timer_A3 Signal Connections
Input Pin Number Device Module Module Output Pin Number
Module
Input Input Block Output
DA RHA Signal Name Signal DA RHA
31-P1.0 | 29-P1.0 TACLK TACLK
ACLK ACLK .
Timer NA
SMCLK SMCLK
9-P21 7-P2.1 TAINCLK INCLK
32-P11 | 30-P11 TAO CCIOA 32-P11 | 30-P1.1
10-P2.2 | 8-P22 TAO CCloB 10-P2.2 | 8-P2.2
CCRO TAO
Vssg GND 36-P15 | 34-P15
Vee Vee
33-P12 | 31-P1.2 TAl CCI1A 33-P1.2 | 31-P1.2
29-P2.3 | 27-P23 TAl CClI1B 29-P2.3 | 27 -P23
CCR1 TAl
Vssg GND 37-P16 | 35-P1.6
Vee Vee
34-P13 | 32-P13 TA2 CCI2A 34-P13 | 32-P13
ACLK cci2B 30-P2.4 | 28-P2.4
(internal) CCR2 TA2
Vss GND 38-P1.7 | 36 - P17
Vee Vec

12
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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.

USCI

Timer_B3 Signal Connections
Input Pin Number Device Module Module Output Pin Number
Module
Input Input Block Output
DA RHA Signal Name Signal DA RHA
24 -PAT7 | 22 - P47 TBCLK TBCLK
ACLK ACLK .
Timer NA
SMCLK SMCLK
24 -PAT7 | 22 - P47 TBCLK INCLK
17 -P4.0 | 15-P4.0 TBO CCIOA 17 -P4.0 | 15-P4.0
20-P4.3 | 18-P4.3 TBO CCloB 20-P4.3 | 18-P4.3
CCRO TBO
Vss GND
Vee Vee
18-P4.1 | 16-P4.1 TB1 CCI1A 18-P4.1 | 16-P4.1
21-P4.4 | 19-P44 TB1 CCl1B 21-P4.4 | 19-P44
CCR1 TB1
Vss GND
Vee Vee
19-P4.2 | 17 -P4.2 TB2 CCI2A 19-P4.2 | 17 -P4.2
ACLK ccize 22-P45 | 20-PAS
(internal) CCR2 TB2
Vss GND
Vee Vee

The universal serial communication interface (USCI) module is used for serial data communication. The USCI
module supports synchronous communication protocols like SPlI (3 or 4 pin), 12C and asynchronous
communication protocols like UART, enhanced UART with automatic baud-rate detection (LIN), and IrDA.

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

ADC10

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

The MSP430F2274M has two configurable low-current general-purpose operational amplifiers. Each OA input
and output terminal is software-selectable and offer a flexible choice of connections for various applications. The
OA op amps primarily support front-end analog signal conditioning prior to analog-to-digital conversion.

OAO Signal Connections
Analog Input
Pin Number Device Input Signal Module Input Name
DA RHA
8-A0 6 - A0 OAO0IO OAXIO
10 - A2 8-A2 OAO0I1 OAO0I1
10 - A2 8-A2 OAO0I1 OAxI1
27 -A6 | 25- A6 OAO0I2 OAXIA
22 -Al4 | 20 - Al4 OAO0I3 OAXxIB
OA1 Signal Connections
Analog Input
Pin Number Device Input Signal Module Input Name
DA RHA
30-A4 | 28-A4 OAO0IO OAXIO
10 - A2 8- A2 OAO0I1 OAO0I1
29-A3 | 27-A3 OAO0I1 OAxI1
28 - A7 | 26 - A7 OAO0I2 OAXIA
23-Al15| 21 -A15 OAO0I3 OAXxIB

14
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Peripheral File Map

PERIPHERALS WITH WORD ACCESS

ADC10 ADC data transfer start address ADC10SA 1BCh
ADC memory ADC10MEM 1B4h
ADC control register 1 ADC10CTL1 1B2h
ADC control register 0 ADC10CTLO 1BOh
ADC analog enable 0 ADC10AEO 04Ah
ADC analog enable 1 ADC10AE1l 04Bh
ADC data transfer control register 1 ADC10DTC1 049h
ADC data transfer control register 0 ADC10DTCO 048h
Timer_B Capture/compare register TBCCR2 0196h
Capture/compare register TBCCR1 0194h
Capture/compare register TBCCRO 0192h
Timer_B register TBR 0190h
Capture/compare control TBCCTL2 0186h
Capture/compare control TBCCTL1 0184h
Capture/compare control TBCCTLO 0182h
Timer_B control TBCTL 0180h
Timer_B interrupt vector TBIV 011Eh
Timer_A Capture/compare register TACCR2 0176h
Capture/compare register TACCR1 0174h
Capture/compare register TACCRO 0172h
Timer_A register TAR 0170h
Capture/compare control TACCTL2 0166h
Capture/compare control TACCTL1 0164h
Capture/compare control TACCTLO 0162h
Timer_A control TACTL 0160h
Timer_A interrupt vector TAIV 012Eh
Flash Memory Flash control 3 FCTL3 012Ch
Flash control 2 FCTL2 012Ah
Flash control 1 FCTL1 0128h
Watchdog Timer+ Watchdog/timer control WDTCTL 0120h

Copyright © 2008-2011, Texas Instruments Incorporated
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PERIPHERALS WITH BYTE ACCESS

OAl Operational Amplifier 1 control register 1 OA1CTL1 0C3h
Operational Amplifier 1 control register 1 OALCTLO 0C2h
OAO0 Operational Amplifier O control register 1 OAOCTL1 0C1h
Operational Amplifier O control register 1 OAOCTLO 0COh
USI_BO USCI_BO transmit buffer UCBOTXBUF | 06Fh
USCI_BO receive buffer UCBORXBUF | 06Eh
USCI_BO status UCBOSTAT 06Dh
USCI_BO bit rate control 1 UCBOBR1 06Bh
USCI_BO bit rate control 0 UCBOBRO 06Ah
USCI_BO control 1 UCBOCTL1 069h
USCI_BO control 0 UCBOCTLO 068h
USCI_BO 12C slave address UCBOSA 011Ah
USCI_BO 12C own address UCBOOA 0118h
USI_AO USCI_AO transmit buffer UCAOTXBUF | 067h
USCI_AO receive buffer UCAORXBUF | 066h
USCI_AOQ status UCAOSTAT 065h
USCI_AO modulation control UCAOMCTL 064h
USCI_AO baud rate control 1 UCAOBR1 063h
USCI_AO baud rate control 0 UCAOBRO 062h
USCI_AOQ control 1 UCAOCTL1 061h
USCI_AOQ control 0 UCAOCTLO 060h
USCI_AO IrDA receive control UCAOIRRCTL | O5Fh
USCI_AO IrDA transmit control UCAOIRTCTL |O5Eh
USCI_AOQ auto baud rate control UCAOABCTL | 05Dh
Basic Clock System+ Basic clock system control 3 BCSCTL3 053h
Basic clock system control 2 BCSCTL2 058h
Basic clock system control 1 BCSCTL1 057h
DCO clock frequency control DCOCTL 056h
Port P4 Port P4 resistor enable PAREN 011h
Port P4 selection PASEL 01Fh
Port P4 direction P4ADIR 01Eh
Port P4 output P40OUT 01Dh
Port P4 input P4IN 01Ch
Port P3 Port P3 resistor enable P3REN 010h
Port P3 selection P3SEL 01Bh
Port P3 direction P3DIR 01Ah
Port P3 output P30UT 019h
Port P3 input P3IN 018h
Port P2 Port P2 resistor enable P2REN 02Fh
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 P20OUT 029h
Port P2 input P2IN 028h
Port P1 Port P1 resistor enable P1REN 027h
Port P1 selection P1SEL 026h
Port P1 interrupt enable PlIE 025h
Port P1 interrupt edge select P1lIES 024h
Port P1 interrupt flag P1IFG 023h
Port P1 direction P1DIR 022h
Port P1 output P1OUT 021h
Port P1 input P1IN 020h
Special Function SFR interrupt flag 2 IFG2 003h
SFR interrupt flag 1 IFG1 002h
SFR interrupt enable 2 IE2 001h
SFR interrupt enable 1 IE1 000h
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Absolute Maximum Ratings®

VALUE UNIT
Voltage applied at V¢ to Vsg -0.3t0 4.1 \%
Voltage applied to any pin® —0.3t0 Ve + 0.3 \Y%
Diode current at any device terminal +2 mA
Storage temperature, Tgy (Unprogrammed device(3)) -55 to 150 °C
Storage temperature, Tgq (programmed device (3)) -55to0 125 °C

(1) Stresses beyond those listed under absolute maximum ratings may cause permanent damage to the device. These are stress ratings
only, and functional operation of the device at these or any other conditions beyond those indicated under recommended operating

conditions is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) All voltages referenced to VSS. The JTAG fuse-blow voltage, Vg, is allowed to exceed the absolute maximum rating. The voltage is

applied to the TEST pin when blowing the JTAG fuse.

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

Copyright © 2008-2011, Texas Instruments Incorporated
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Recommended Operating Conditions® @

MIN NOM  MAX| UNIT
Vee Supply voltage during program execution 1.8 3.6 \%
Supply voltage during program/erase flash memory 2.2 3.6 \%
Vss  Supply voltage 0 \%
Ta Operating free-air temperature range -55 125 °C
Processor frequency fsysrew Vce = 1.8V, Duty Cycle = 50% +£10% dc 4.15
(Maximum MCLK frequency)® @ Vce = 2.7V, Duty Cycle = 50% +10% dc 12| MHz
(see Figure 1) Vee 2 3.3 V, Duty Cycle = 50% +10% de 16

(1) The MSP430 CPU is clocked directly with MCLK. Both the high and low phase of MCLK must not exceed the pulse width of the

specified maximum frequency.

(2) Modules might have a different maximum input clock specification. Refer to the specification of the respective module in this data sheet.

A

Legend:

16 MHz
N
T
% 12 MHz
>
(8]
c
Q
>
o
o
L 7.5MHz
IS
2
2
>
N 4.15MHz

>

1.8V 22V 27V 33V 36V

Supply Voltage -V

Supply voltage range,
during flash memory
programming

Supply voltage range,
during program execution

NOTE: Minimum processor frequency is defined by system clock. Flash program or erase operations require a minimum Vcc

of 2.2 V.

Figure 1. Operating Area

18
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Active-Mode Su
Characteristics

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

Bpgzl}/ Current (Into DV + AVc) Excluding External Current — Electrical

PARAMETER

TEST CONDITIONS

Ta

Vee

MIN  TYP

MAX

UNIT

Iam, 1MHz

Active-mode (AM)
current (1 MHz)

foco = fucik = fsmerk = 1 MHz,
fACLK = 32,768 Hz,

Program executes in flash,
BCSCTL1 = CALBC1_1 MHZ,
DCOCTL = CALDCO_1 MHZ,
CPUOFF =0, SCG0 =0, SCG1 =0,
OSCOFF =0

22V

270

390

-55°C to 125°C

3V

390

550

HA

Iam, 1MHz

Active-mode (AM)
current (1 MHz)

foco = fucik = fsmerk = 1 MHz,
fACLK = 32,768 Hz,

Program executes in RAM,
BCSCTL1 = CALBC1_1 MHZ,
DCOCTL = CALDCO_1 MHZ,
CPUOFF =0, SCG0 =0, SCG1 =0,
OSCOFF =0

22V

240

3V

340

HA

IaM, akHz

Active-mode (AM)
current (4 kHz)

fMCLK = fSMCLK = fACLK = 32,768 Hz/8 = 4,096
Hz,

foco = 0 Hz,

Program executes in flash,

SELMx =11, SELS =1,

DIVMx = DIVSx = DIVAx = 11,

CPUOFF =0, SCG0 =1, SCG1 =0,
OSCOFF =0

-55°C to 85°C

9

125°C

22V

18

-55°C to 85°C

10

125°C

3V

20

WA

laM, 100kHz

Active-mode (AM)
current (100 kHz)

fmeLk = fsmerk = foco(o, 0y * 100 kHz,
facLk = 0 Hz,

Program executes in flash,

RSELx = 0, DCOx =0,

CPUOFF =0, SCG0 =0, SCG1 =0,
OSCOFF =1

-55°C to 85°C

60

85

125°C

22V

95

-55°C to 85°C

72

95

125°C

3V

125

WA

1)
@

All inputs are tied to 0 V or V. Outputs do not source or sink any current.
For Tp < 105°C, the currents are characterized with a Micro Crystal CC4V-T1A SMD crystal with a load capacitance of 9 pF.

The internal and external load capacitance is chosen to closely match the required 9 pF. For T5 > 105°C, the currents are characterized
using a 32-kHz external clock source for ACLK..

Typical Characteristics — Active-Mode Supply Current (Into DV + AVc)

8.0

7.0

6.0

5.0

4.0

3.0

Active Mode Current — mA

2.0

1.0

0.0

Figure 2. Active-Mode Current vs V¢, Tp = 25°C

| 5.0
foco = 16 MHz Tpo=85°C
// 4.0
< Ta=25°C
foco = 12 MHz E
_ -
g 30
5
< Vec =3V
f =8 MHz ] cc=
~ DCO/ g To=85°C
-~ = 20
(0]
_— ;- /) e
-
1.0
Vee =22V
cho =1 MHz cc
| 0.0
1.5 2.0 2.5 3.0 35 4.0 0.0 4.0 8.0 12.0 16.0

Ve — Supply V oltage - V

foco — DCO Frequency — MHz

Figure 3. Active-Mode Current vs DCO Frequency
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Low-Power-Mode Supply Currents (Into DV + AVc) Excluding External Current — Electrical
Characteristics® @

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

PARAMETER TEST CONDITIONS Ta Vce MIN  TYP MAX| UNIT
fMCLK =0 MHz, 22V 75 90
;SMCLK :3f2DC88: 1 MHz,
. AcLK = 32,768 Hz,
ILpMo, 1MHz (LI_C’;"M%C)"’Z?”Q?:(‘S 0 |BGSCTLL = CALBCL_ 1 MHZ, -55°C to 125°C pA
DCOCTL = CALDCO_1 MHZ, 3V 90 120
CPUOFF =1, SCG0 =0, SCG1 =0,
OSCOFF =0
fMCLK =0 MHz, 22V 37 60
o ;SMCLK :OfDCO(O, 0) * 100 kHz,
Low-power mode 'AcLk = 0 Hz, _Ero o
lpmo, 100kHz (| pMO) current® RSELx = 0, DCOx = 0, SHCw125°C | o a7 MA
CPUOFF =1, SCG0 =0, SCG1 =0,
OSCOFF =1
fMCLK = fSMCLK =0 MHz, fDCO =1 MHz, -55°C to 85°C 22 29
fACLK = 32,768 Hz, 125°C 2.2V 40
| Low-power mode 2 BCSCTL1 = CALBC1_1 MHZ, A
LPM2 (LPM2) current™ DCOCTL = CALDCO_1 MHZ, -55°C to 85°C 25 32| M
CPUOFF =1, SCG0 =0, SCG1 =1, R 3V
OSCOFF =0 125°C 45
-55°C 0.7 1.4
25°C 0.7 1.4
22V
¢ ¢ ; 0 MH 85°C 2.8 4.5
DCO = IMCLK = TsmMCLK = Z, o
| Low-power mode 3 | fac k = 32,768 Hz, 125°C 6 18 A
LPM3LFXTL (| pM3) current® CPUOFF = 1, SCGO0 = 1, SCG1 = 1, _55°C 09 15| "
OSCOFF =0
25°C 0.9 15
3V
85°C 3.0 5.0
125°C 6.5 19
-55°C 04 1.0
25°C 0.5 1.0
22V
¢ ¢ ; 0 MH 85°C 2.2 4.2
DCO = IMCLK = TsMCLK = Z, o
| Low-power mode 3 | facix from internal LF oscillator (VLO), 125°C 5.7 18 A
LPM3,VLO current, (LPM3) @ | CPUOFF = 1, SCGO0 = 1, SCG1 = 1, _55°C 05 12| "
OSCOFF =0
25°C 0.6 1.2
3V
85°C 2.5 4.5
125°C 6.0 19
¢ ¢ ; 0 MH -55°C 0.1 0.5
DCO = IMCLK = TsmMCLK = Z, S
| Low-power mode 4 | facix = O Hz, 25°C 2.2V/ 01 05 A
LPM4 (LPM4) current®) CPUOFF =1, SCG0 =1, SCG1 =1, 85°C 3v 19 a0/ "
OSCOFF =1
125°C 55 16

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

(2) For Tp < 105°C, the currents are characterized with a Micro Crystal CC4V-T1A SMD crystal with a load capacitance of 9 pF.
The internal and external load capacitance is chosen to closely match the required 9 pF. For Tp > 105°C, ACLK was sourced from an
external clock source.

(3) Current for brownout and WDT clocked by SMCLK included.

(4) Current for brownout and WDT clocked by ACLK included.

(5) Current for brownout included.

20
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Schmitt-Trigger Inputs (Ports P1, P2, P3, P4, and RST/NMI®) — Electrical Characteristics
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Ta Vce MIN  TYP MAX/| UNIT
" o 22V | 100 1.65
Vir+ Positive-going input threshold voltage -55°C to 125°C \Y
3V 1.35 2.25
) o 22V .55 1.20
Vir—  Negative-going input threshold voltage -55°C to 125°C \Y
3V 75 1.65
V, Input voltage hysteresis (Vr+ — Vi1_) 55°C to 125°C 22V 02 L0 v
nput voltage hysteresis - Vi ~ (o}
hys p ge ny: IT+ IT- 3v 03 10
For pullup: V|y = Vss;
Rpyr Pullup/pulldown resistor For pulldown: -55°C to 125°C 20 35 50| kQ
Vin = Ve
C Input capacitance Vin = Vss Or Ve 5 pF

(1) RST/NMI limit values specified for -55°C to 125°C.

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

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

tiny  External interrupt timing -55°C to 125°C 2.2VI3V 20 ns

1) At? exterrr:al signal sets the interrupt flag every time the minimum interrupt pulse width t;,) is met. It may be set even with trigger signals
shorter than t(int)-

Leakage Current (Ports P1, P2, P3 and P4) — Electrical Characteristics
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Ta Vee | MIN MAX| UNIT
| High-impedance leakage W -55°C 10 125°C | 2.2 VI3V +100| nA
ka(Pxx)  current : -

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

(2) The leakage of the digital port pins is measured individually. The port pin is selected for input and the pullup/pulldown resistor is
disabled.
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Outputs (Ports P1, P2, P3, and P4) — Electrical Characteristics
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Ta Vee MIN MAX | UNIT
loH(max) = —1.5 mA (@ —55°C to 125°C oy Vce - 0.25 Vee
v High-level output loH(max) = —6 MA @) —55°C to 125°C - Vec - 0.6 Vee|
OH " voltage loH(max = —1.5 MA® -55°C to 125°C gy | Voc—025 Vee
lom(max) = =6 MA® —55°C to 125°C Ve — 0.6 Vee
loL(max) = 1.5 mA® —55°C to 125°C oy Vss Vsst+0.25
v Low-level output loL(max = 6 MA® —55°C to 125°C Vss  Vsst06|
oL voltage loL(max) = 1.5 MA® -55°C to 125°C oy Vss Vsst+0.25
lo (max) = 6 MA® —55°C to 125°C Vss  Vsst0.6

(1) The maximum total current, lopmax) @nd loLmax), for all outputs combined, should not exceed +12 mA to hold the maximum voltage drop
specified.
(2) The maximum total current, lopmax) @nd loLmax), for all outputs combined, should not exceed +48 mA to hold the maximum voltage drop
specified.

Output Frequency (Ports P1, P2, P3, and P4) — Electrical Characteristics

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

PARAMETER TEST CONDITIONS Ta Vee MIN MAX | UNIT
Port output frequency | P1.4/SMCLK, C, = 20 pF, R, = 1 kQ against o o 22V 10
fpry (with load) VCC/Z(l) %) 55°C to 125°C 3V 12 MHz
Clock output _ @ ero R 22V 12
frort_cLk frequency P2.0/ACLK, P1.4/SMCLK, C, = 20 pF 55°C to 125°C 3V 6 MHz

(1) A resistive divider with 2 times 0.5 kQ between V¢ and Vsg is used as load. The output is connected to the center tap of the divider.
(2) The output voltage reaches at least 10% and 90% V¢ at the specified toggle frequency.

22
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Typical Characteristics — Outputs

TYPICAL LOW-LEVEL OUTPUT CURRENT
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POR/Brownout Reset (BOR) — Electrical Characteristics® @
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

TEST
PARAMETER CONDITIONS Ta Vee MIN TYP MAX| UNIT
. 0.7 x
Veestart) See Figure 8 dVec/dt < 3 Vis Ve i \
Ve i See Figure 8 through Figure 10 dVcc/dt £ 3 Vis —-55°C to 125°C 171 \%
Viys o) See Figure 8 dVcc/dt £ 3 Vis —55°C to 125°C 70 130 210 mVv
taBoR) See Figure 8 —55°C to 125°C 2000 us
Pulse length needed at RST/NMI o o

Yresen) pin to accepted reset internally —55°C10125°C | 22VI3V 2 bs

(1) The current consumption of the brownout module is already included in the Icc current consumption data. The voltage level Vg 1) +
Vhys(@ T yis=18V. . . . .
(2) During power up, the CPU begins code execution following a period of tygor) after Vec = V(g_i1-) + Vhysg_i1-)- The default DCO settings
must not be changed until Vcc 2 Vecminy, Where Veemin is the minimum supply voltage for the desired operating frequency.

4

Vee

V(B_IT—;

VCC(start)

v

> <« t d(BOR)

Figure 8. POR/Brownout Reset (BOR) vs Supply Voltage

v
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Typical Characteristics - POR/Brownout Reset (BOR)

V | l
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Y EERALLLSURRLLS R 3V -k '4__ pw __;'
VCC =3v 0o e e YT YT T
Typical Conditions | |
> 15 = | I
| al I I
— / | |
g f | |
5 1 | |
D’ 1\ |
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) 1ns ) 1ns
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Figure 9. Vccrop) Level With a Square Voltage Drop to Generate a POR/Brownout Signal
Veca ! t !
“———pw ———»
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< 1.5 Typical Conditions !
f\ L™\ 1
s A N :
) 1 |
3 / .
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| | |
| | |
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0 : ' : >
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Figure 10. Vccarop) LeVel With a Triangle Voltage Drop to Generate a POR/Brownout Signal
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Main DCO Characteristics

» All ranges selected by RSELx overlap with RSELx + 1: RSELx = 0 overlaps RSELx = 1, ... RSELx = 14
overlaps RSELx = 15.

* DCO control bits DCOx have a step size as defined by parameter Spco.

* Modulation control bits MODx select how often focorseL,pco+1) IS used within the period of 32 DCOCLK
cycles. The frequency focorseL,pcoy is used for the remaining cycles. The frequency is an average equal to:

32 x fDCO(RSEL,DCO) X fDCO(RSEL,DCO + 1)

faverage =

DCO Frequency — Electrical Characteristics

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

MOD x fDCO(RSEL,DCO) + (32 — MOD) x fDCO(RSEL,DCO + 1)

PARAMETER TEST CONDITIONS Ta Vee MIN TYP MAX| UNIT
RSELx < 14 _55°C to 125°C 18 3.6
Vee Supply voltage range RSELx = 14 -55°C to 125°C 2.2 3.6 \%
RSELx = 15 _55°C to 125°C 3.0 3.6
focopo) ~ DCO frequency (0,0) | o X = % PCOX =0, _55°C to 125°C 22VBV | 006 0.14| MHz
focops ~ DCO frequency (0,3) | pox = % DCOX=3, _55°C to 125°C 22VBV | 007 017| MHz
focos ~ DCO frequency (1,3) | poox = L PCOX =3, _55°C to 125°C 22VAV | 010 0.20| MHz
foco@s  DCO frequency (2, 3) ,\R/I%ED';(X::OZ' DCOx =3, —55°C to 125°C 22VI3V 0.14 0.28| MHz
focops ~ DCO frequency (3,3) | poox = 3 DCOX =3, _55°C to 125°C 22VAV | 020 0.40| MHz
focos ~ DCO frequency (4,3) | RO = 4 DCOX=3, _55°C to 125°C 22VBV | 028 054| MHz
focoss  DCO frequency (5,3) | oo~ > PCOX =3 _55°C to 125°C 22VBV | 039 0.77| MHz
focops ~ DCO frequency (6,3) | o= % PCOX=3 _55°C to 125°C 22VI3V | 054 1.06| MHz
focoms ~ DCO frequency (7,3) | oo X = nDCOX =3, _55°C to 125°C 22V3V | 080 150| MHz
foco@s  DCO frequency (8, 3) ,\R/I%ED';(X::O& DCOx =3, —55°C to 125°C 22VI3V 1.10 2.10| MHz
focows ~ DCO frequency (9,3) | poox = 5 PCOX =3, _55°C to 125°C 22VBV | 1.60 3.00| MHz
focouos ~ DCO frequency (10, 3) | ROELX = 10, DCOX=3, _55°C to 125°C 22VBV | 250 430| MHz
focoury ~ DCO frequency (11,3) | RoELX = 11 DCOX=3, _55°C to 125°C 22VAV | 3.00 550| MHz
focouzy ~ DCO frequency (12, 3) | ROELX = 12/ DCOX=3, _55°C to 125°C 22VBV | 430 7.30| MHz
focousy ~ DCO frequency (13, 3) | ROELX = 13, DCOX=3, _55°C to 125°C 22VAV | 6.00 9.60| MHz
focouss ~ DCO frequency (14, 3) | RoOELX = 14, DCOX=3, _55°C to 125°C 22V3V | 860 13.9| MHz
focousy ~ DCO frequency (15, 3) | ROULX = 19, DCOX=3, _55°C to 125°C 3v 12.0 185| MHz
focous  DCO frequency (15, 7) | ROELX = 19, DCOX=1, _55°C to 125°C 3V 16.0 26.0| MHz
Frequency step S - .
SRrsEL between range RSEL | ¢ RSEL it —55°C to 125°C 22VI3V 1.55| ratio
and RSEL+1 pco(rseL+1,0co)/focorsEL,DCO)
26 Copyright © 2008-2011, Texas Instruments Incorporated
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DCO Frequency — Electrical Characteristics (continued)
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

Copyright © 2008-2011, Texas Instruments Incorporated

PARAMETER TEST CONDITIONS Ta Vce MIN  TYP MAX| UNIT
Frequency step s _
Sbco between tap DCO and | ¢ pco = p -55°C to 125°C 2.2VI3V 1.05 1.08 1.12| ratio
DCO+1 DCO(RSEL,DCO+1)/ IDCO(RSEL,DCO)
Duty cycle Measured at P1.4/SMCLK -55°C to 125°C 22VI3V 40 50 60 %
27
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Calibrated DCO Frequencies (Tolerance at Calibration) — Electrical Characteristics
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Ta Vee MIN TYP MAX | UNIT

Frequency tolerance at calibration 25°C 3V -1 10.2 1 %
BCSCTL1 = CALBC1_1MHZ,

feaL( MHz) 1-MHz calibration value DCOCTL = CALDCO_1MHZ, 25°C | 3V | 0.990 1 1.010| MHz
Gating time: 5 ms
BCSCTL1 = CALBC1_8MHZ,

fecaLe MHz) 8-MHz calibration value DCOCTL = CALDCO_8MHZ, 25°C 3V 7.920 8 8.080| MHz
Gating time: 5 ms
BCSCTL1 = CALBC1_12MHZ,

fcaLa2 mHz)  12-MHz calibration value | DCOCTL = CALDCO_12MHZ, 25°C | 3V | 11.88 12 12.12| MHz
Gating time: 5 ms
BCSCTL1 = CALBC1_16MHZ,

fcaLas mHz)  16-MHz calibration value | DCOCTL = CALDCO_16MHZ, 25°C | 3V | 15.84 16  16.16| MHz
Gating time: 2 ms

Calibrated DCO Frequencies (Tolerance Over Temperature) — Electrical Characteristics

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

PARAMETER TEST CONDITIONS Ta Vee MIN TYP MAX UNIT
1-MHz tolerance over temperature -55°Cto 125°C | 3V -25 105 25 %
8-MHz tolerance over temperature -55°Cto 125°C | 3V -2.5 +1.0 2.5 %
12-MHz tolerance over temperature -55°Cto 125°C | 3V -25 £10 25 %
16-MHz tolerance over temperature -55°Cto 125°C | 3V -3.0 $20 3.0 %

BCSCTL1 = CALBC1_1MHz, 22V | 0.970 1 1.030
fcaLamnz  1-MHz calibration value DCOCTL = CALDCO_1MHZ, |-55°Cto125°C | 3V | 0.975 1 1.025| MHz
Gating time: 5 ms 36V | 0970 1 1.030
BCSCTL1 = CALBC1_8MHZ, 22V | 7.760 8 8.400
fcaLemHz)  8-MHz calibration value DCOCTL = CALDCO_8MHZ, |-55°Ct0125°C | 3V | 7.800 8 8200 MHz
Gating time: 5 ms 36V | 7.600 8 8240
BCSCTL1 = CALBC1_12MHZ, 22V | 11.70 12 12.30
feaLammz)  12-MHz calibration value DCOCTL = CALDCO_12MHZ, | -55°Cto 125°C | 3V | 11.70 12 1230 MHz
Gating time: 5 ms 36V | 1170 12 1230
BCSCTL1 = CALBC1_16MHZ, 3V 15.52 16 16.48
fcaLembz)  16-MHz calibration value DCOCTL = CALDCO_16MHZ, | -55°C to 125°C MHz
Gating time: 2 ms 36V | 15.00 16  16.48

28
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Calibrated DCO Frequencies (Tolerance Over Supply Voltage Vc) — Electrical Characteristics
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Ta Vee MIN TYP MAX UNIT
1-MHz tolerance over V¢ 25°C 18Vto36V -3 12 3 %
8-MHz tolerance overVcc 25°C 18Vto3.6V -3 12 3 %
12-MHz tolerance over Ve 25°C 22Vto36V -3 12 3 %
16-MHz tolerance over Ve 25°C 3Vto36V -6 12 3 %

1-MHz BCSCTL1 = CALBC1_1MHZ,
feALAMHD)  Salibration value DCOCTL = CALDCO_IMHZ, 25°C 1.8Vto3.6V | 0.970 1 1.030| MHz
Gating time: 5 ms
8-MHz BCSCTL1 = CALBC1_8MHZ,
feaLEBMHD)  calibration value DCOCTL = CALDCO_8MHZ, 25°C 1.8Vto3.6V | 7.760 8 8.240| MHz
Gating time: 5 ms
12-MHz BCSCTL1 = CALBC1_12MHZ,
feAL(12MHz) vz DCOCTL = CALDCO_12MHZ, 25°C 22Vto3.6V | 11.64 12 12.36| MHz
calibration value : .
Gating time: 5 ms
16-MHz BCSCTL1 = CALBC1_16MHZ,
feAL(16MH2) VT DCOCTL = CALDCO_16MHZ, 25°C 3Vto3.6V 15.00 16  16.48| MHz
calibration value - .
Gating time: 2 ms
Calibrated DCO Frequencies (Overall Tolerance) — Electrical Characteristics
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Ta Vee MIN TYP MAX | UNIT
1-MHz tolerance -55°C 10 125°C | 1.8V 10 3.6 V 5 2 +5) %
over temperature
8-MHz tolerance o ° o
over temperature —55°C to 125°C 18Vto 3.6V -5 12 +5 %
12-MHz tolerance -55°C 10 125°C | 2.2V 10 3.6V 5 2 +5) %
over temperature
16-MHz tolerance o ° o
over temperature -55°C to 125°C 3Vto3.6V -6 13 +6 %

1-MHz BCSCTL1 = CALBC1_1MHZ,
fCAL(lMHZ) calibration value DCOCTL = CALDCO_1MHZ, -55°C to 125°C 18Vto3.6V .950 1 1.050| MHz
Gating time: 5 ms
8-MHz BCSCTL1 = CALBC1_8MHZ,
fcaL@MHD)  calibration value DCOCTL = CALDCO_8MH?Z, -55°C to 125°C | 1.8V t0 3.6V 7.6 8 8.4| MHz
Gating time: 5 ms
12-MHz BCSCTL1 = CALBC1_12MHZ,
feaLaoMi)  Satibration value DCOCTL = CALDCO_12MHZ, -55°Cto 125°C | 22Vto3.6V | 11.4 12 12.6| MHz
Gating time: 5 ms
16-MHz BCSCTL1 = CALBC1_16MHZ,
fCAL(mMHZ) calibration value DCOCTL = CALDCO_16MHZ, -55°C to 125°C 3Vto36V 15.00 16 17.00| MHz
Gating time: 2 ms
Copyright © 2008-2011, Texas Instruments Incorporated 29
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Typical Characteristics — Calibrated 1-MHz DCO Frequency
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Figure 11. Calibrated 1-MHz Frequency vs
Temperature

1.03
1.02
N
N 1.01 \\\ Ta=125°C
I
= \\
- Tp=85°C
g 1.0 - ‘
£ Ta=25°C
'
C 0.99
~—_
Ta=-40 °C
0.98
0.97
15 2.0 2.5 3.0 3.5 4.0

Vce - Suppl y Voltage - V

Figure 12. Calibrated 1-MHz Frequency vs Vcc

Wake-Up From Lower-Power Modes (LPM3/4) — Electrical Characteristics
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER

TEST CONDITIONS

Ta

Vee

MIN

TYP  MAX| UNIT

tbco,LPm3ia

DCO clock wake-up time
from LPM3/4 )

BCSCTL1 =
CALBC1_1MHZ,
DCOCTL =
CALDCO_1MHZ,

-55°C to 125°C

22VI3V

BCSCTL1 =
CALBC1_8MHZ,
DCOCTL =

CALDCO_8MHZ,

-55°C to 125°C

2.2VIBV

15

BCSCTL1 =
CALBC1_12MHZ,
DCOCTL =
CALDCO_12MHZ,

-55°C to 125°C

3V

us

BCSCTL1 =
CALBC1_16MHZ,
DCOCTL =
CALDCO_16MHZ,

-55°C to 125°C

3V

tcpu,LPM3/4

CPU wake-up time from
LPM3/4®?

K +
tclock,L
PM3/4

(1) The DCO clock wake-up time is measured from the edge of an external wake-up signal (e.g., port interrupt) to the first clock edge
observable externally on a clock pin (MCLK or SMCLK).
(2) Parameter applicable only if DCOCLK is used for MCLK.

30
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Typical Characteristics — DCO Clock Wake-Up Time From LPM3/4

DCO Wake Time — us

10.001\
RSELx =0...11
1.00}— AN RSELx = 12...15
0.10 IR EEER |
0.10 1.00 10.00

DCO Frequency — MHz

Figure 13. Clock Wake-Up Time From LPM3 vs DCO Frequency

DCO With External Resistor Rogc — Electrical Characteristics®
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Vce TYP| UNIT

. DCOR = 1, RSELx = 4, DCOx = 3, MODx = 0, 22V 18
focorosc DCO output frequency with Rosc Tp = 25°C 3V 105 MHz
Dy Temperature drift DCOR =1, RSELx = 4, DCOx = 3, MODx =0 22VI3V +0.1| %/°C
Dy Drift with Ve DCOR =1, RSELx = 4, DCOx = 3, MODx = 0 2.2VI3V 10| %/V

(1) Rosc = 100kQ. Metal film resistor, type 0257. 0.6 watt with 1% tolerance and Tk = £50ppm/°C

Copyright © 2008-2011, Texas Instruments Incorporated
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Typical Characteristics - DCO With External Resistor Rogc
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Crystal Oscillator (LFXT1) Low-Frequency Modes — Electrical Characteristics® @
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Ta Vce MIN TYP MAX | UNIT
LFXT1 oscillator _55°C to
fiexti,Le crystal frequency, LF | XTS =0, LEXT1Sx =0 or 1 105°C 1.8Vto3.6V 32,768 Hz
mode 0, 1
LFXT1 oscillator
firxTiLr,  logic-level XTS = 0, LFXT1Sx = 3 —S5°Cto 1.8V 1036V 10,000 32,768 50,000| Hz
logic square-wave input 125°C
frequency, LF mode
XTS =0, LFXT1Sx = 0; °
fLFXTl,LF = 32,768 kHz, _i(S)SE:CfO 500
OA Oscillation allowance | CuLett = 6 pF KO
L for LF crystals XTS = 0, LFXT1Sx = 0; _esec 1o
fLFXTl,LF = 32,768 kHz, 105°C 200
Cleff = 12 pF
XCAPx =0 1
Integrated effective B XCAPx = 1 _55°C to 55
Cleff load capacitance, XTS=0 105°C pF
LF mode(s) XCAPx =2 8.5
XCAPx =3 11
XTS =0, Measured at o
Uy LFmode P1.4/ACLK, A 22V3V 30 50 70| %
4 fLFXTl,LF = 32,768 Hz
Oscillator fault _55°C to
fraurLe  frequency threshold, | XTS =0, LFXT1Sx = 3®) 125°C 2.2VI3V 10 10,000| Hz
LF mode ¥

(1) To improve EMI on the LFXT1 oscillator the following guidelines should be observed:

(a) Keep as short of a trace as possible between the device and the crystal.

(b) Design a good ground plane around the oscillator pins.
(c) Prevent crosstalk from other clock or data lines into oscillator pins XIN and XOUT.

(d) Avoid running PCB traces underneath or adjacent to the XIN and XOUT pins.
(e) Use assembly materials and praxis to avoid any parasitic load on the oscillator XIN and XOUT pins.
(f) If conformal coating is used, ensure that it does not induce capacitive/resistive leakage between the oscillator pins.
(g9) Do not route the XOUT line to the JTAG header to support the serial programming adapter as shown in other documentation. This
signal is no longer required for the serial programming adapter.
(2) Use of the LFXT1 Crystal Oscillator with T > 105°C is not guaranteed. It is recommended that an external digital clock source or the
internal DCO is used to provide clocking.
(3) Includes parasitic bond and package capacitance (approximately 2 pF per pin). Since the PCB adds additional capacitance it is
recommended to verify the correct load by measuring the ACLK frequency. For a correct setup the effective load capacitance should
always match the specification of the used crystal.
(4) Frequencies below the MIN specification set the fault flag, frequencies above the MAX specification do not set the fault flag.
Frequencies in between might set the flag.
(5) Measured with logic-level input frequency, but also applies to operation with crystals with To < 105°C.

Internal Very-Low-Power, Low-Frequency Oscillator (VLO) — Electrical Characteristics
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

TEST
PARAMETER CONDITIONS Ta Vce MIN  TYP MAX| UNIT
-55°C to 85°C 2.2VI3V 4 12 20
fuLo VLO frequency kHz
125°C 2.2VI3V 22
dfyo/dT  VLO frequency temperature drift @ —-55°C to 125°C 22 VI3V 0.5 %/°C
dfyo/dVee VLO frequency supply voltage drift | @ 25°C lf 6\</_ 4 %IV
(1) Calculated using the box method:
| Version: [MAX(=55...85°C) — MIN(=55...85°C)]J/MIN(55—...85°C)/[85°C — (-55°C)]
T Version: [MAX(-55...125°C) — MIN(=55...125°C)}/MIN(=55...125°C)/[125°C — (~55°C)]
(2) Calculated using the box method: [MAX(1.8...3.6 V) — MIN(1.8...3.6 V)]/MIN(1.8...3.6 V)/(3.6 V- 1.8 V)
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Crystal Oscillator (LFXT1) High Frequency Modes — Electrical Characteristics® @
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Ta Vee MIN TYP MAX|UNIT
fipxry,  LFXT1 oscillator crystal frequency, | yrq_ 1 | px18x= 0 ~55°C 10 125°C | 1.8V103.6V | 0.4 1| MHz
HEo HF mode 0 ' : : :
fipxrs,  LEXT1 oscillator lerystal frequency, | yrq — 1 | px15x = 1 -55°C 10 125°C | 1.8V 10 3.6 V 1 4| MHz
HEL HF mode 1 ! ’ :

1.8V103.6V 2 10
fipxrs,  LFXT1 oscillator crystal frequency, | yrq _ 9 | pxTiSx=2 | —55°Ct0125°C | 2.2V 10 3.6 V 2 12| MHz
HE2 HF mode 2 ! . .

3Vt03.6V 2 16
f LFXT1 oscillator logic-level 18Vt036V 04 10
LFXTL, square-wave input frequency, XTS =1, LFXT1Sx = 3 -55°Ct0125°C | 22Vto36V | 04 12| MHz
HEloge HF mode 3Vto36V | 04 16

XTS =0, LFXT1Sx = 0;

fLextine = 1 MHz, 2700
CpLeff = 15 pF
Oscillation allowance for HF XTS =0, LFXT1Sx =1
OAxE crystals fLexT1,HF = 4 MHz, -55°C to 125°C 800 Q
(see Figure 18 and Figure 19) CLef = 15 pF
XTS =0, LFXT1Sx =2
fLFXTl,HF =16 MHz, 300
CpLeff = 15 pF
Integrated effective load
Cleft capacitance, XTS=1@ -55°C to 125°C 1 pF
HF mode®
XTS = 1, Measured at
P1.4/ACLK, -55°C to 125°C 40 50 60
f =10 MHz
DUy HE mode LFXTLHE 22V3V %
Cycle XTS =1, Measured at
P1.4/ACLK, -55°C to 125°C 40 50 60
fLexT,HE = 16 MHZ
fraupe  poinator fault frequency, HFE mode | g - 1 | FxT1sx =30 | —55°C to 125°C 22V3V 30 300| kHz

(1) To improve EMI on the LFXT1 oscillator the following guidelines should be observed:

@)
©)
(4)
®)
(6)

(a) Keep as short of a trace as possible between the device and the crystal.

(b) Design a good ground plane around the oscillator pins.

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

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

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

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

(g9) Do not route the XOUT line to the JTAG header to support the serial programming adapter as shown in other documentation. This
signal is no longer required for the serial programming adapter.

Use of the LFXT1 Crystal Oscillator with T4 > 105°C is not guaranteed. It is recommended that an external digital clock source or the

internal DCO is used to provide clocking.

Includes parasitic bond and package capacitance (approximately 2 pF per pin). Since the PCB adds additional capacitance it is

recommended to verify the correct load by measuring the ACLK frequency. For a correct setup the effective load capacitance should

always match the specification of the used crystal.

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

Frequencies below the MIN specification set the fault flag, frequencies above the MAX specification do not set the fault flag.

Frequencies in between might set the flag.

Measured with logic-level input frequency, but also applies to operation with crystals
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Typical Characteristics — LFXT1 Oscillator in HF Mode (XTS = 1)
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Figure 18. Oscillation Allowance vs Crystal

Crystal Frequency — MHz

Frequency, C_ ¢ = 15 pF, Tp = 25°C

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

800.0
LFXT1Sx =3
700.0 4
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500.0 /
400.0 //
300.0 /
200.0 //}Fle =2
100.0 e
LFEXT1Sx =1
0.0 ‘
0.0 4.0 8.0 12.0 16.0 20.0

Crystal Frequency — MHz

Frequency, C_ ¢ = 15 pF, Tp = 25°C

Figure 19. XT Oscillator Supply Current vs Crystal

PARAMETER TEST CONDITIONS Ta Vce MIN  MAX| UNIT
Internal: SMCLK, ACLK, 22V 10
fra Timer_A clock frequency External: TACLK, INCLK, -55°C to 125°C MHz
Duty cycle = 50% + 10% 3V 16
tracap Timer_A, capture timing TAO, TAL, TA2 -55°C to 125°C 2.2VI3V 20 ns
Timer_B — Electrical Characteristics
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
PARAMETER TEST CONDITIONS Ta Vce MIN  MAX| UNIT
Internal: SMCLK, ACLK, 22V 10
fre Timer_B clock frequency External: TBCLK, -55°C to 125°C MHz
Duty Cycle = 50% * 10% 3v 16
trecap TiMmer_B, capture timing TBO, TB1, TB2 -55°C to 125°C 2.2VI3V 20 ns
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USCI (UART Mode) — Electrical Characteristics
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Ta Vce MIN  TYP MAX | UNIT
Internal: SMCLK, ACLK, .
fuscr  USCI input clock frequency External: UCLK; —-55°C to 125°C SYSTE | MHz
Duty cycle = 50% * 10% M

BITCLK clock frequency

feImcLk  (equals baud rate in MBaud) —55°C10125°C | 22VBV 1| MHz
. . . 1 22V 50 150 600
t UART receive deglitch time® -55°C to 125°C ns
3V 50 150 600

(1) Pulses on the UART receive input (UCxRX) shorter than the UART receive deglitch time are suppressed. To ensure that pulses are
correctly recognized, their width should exceed the maximum specification of the deglitch time.

USCI (SPI Master Mode) — Electrical Characteristics

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted) (see Figure 20 and
Figure 21)

PARAMETER TEST CONDITIONS Ta Vee MIN MAX | UNIT
fusci USCI input clock frequency SZ/LSESCKQC:L;(O% +10% -55°C to 125°C fsystem | MHz
_ _ . . 22V 110
tsumi SOMI input data setup time -55°C to 125°C ns

3V 75
. . 22V 0
thp, M SOMI input data hold time -55°C to 125°C 3v 0 ns
- UCLK edge to SIMO valid 22V 30
t SIMO output data valid time ' -55°C to 125°C ns
VALID,MO p C_ =20 pF 3V 20

USCI (SPI Slave Mode) — Electrical Characteristics

over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted) (see Figure 22 and
Figure 23)

PARAMETER TEST CONDITIONS Ta Vee MIN  TYP MAX| UNIT
STE lead time,
ISTELEAD  STE Jow to clock 22VI3V 50 ns
STE lag time, o °
tSTE,LAG Last clock to STE hlgh —-55°C to 125°C 2.2VI3V 10 ns
STE access time,
ISTEACC  STE low to SOMI data out 22VI3V 50 ns
STE disable time,
tstepis  STE high to SOMI high 2.2VI3V 50 ns
impedance
X . 22V 20
tsu s SIMO input data setup time -55°C to 125°C ns
' 3V 15
X . 22V 10
tHp.sI SIMO input data hold time -55°C to 125°C ns
' 3V 10
o UCLK edge to SOMI valid 22V 75 110
t SOMI output data valid time ’ -55°C to 125°C ns
VALID,SO p C_ =20 pF 3V 50 75
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Figure 20. SPI Master Mode, CKPH =0
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Figure 21. SPI Master Mode, CKPH =1
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USCI (12C Mode) — Electrical Characteristics
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted) (see Figure 24)

PARAMETER TEST CONDITIONS Ta Vce MIN TYP MAX| UNIT
Internal: SMCLK, ACLK, .
fuscl USCI input clock frequency External: UCLK, SYsT MHz
Duty cycle = 50% * 10% EM
fscL SCL clock frequency -55°C to 125°C | 2.2V/3V 0 400 | kHz
_ fscL < 100 kHz -55°C to 125°C 4.0
tupsta Hold time (repeated) START 22VI3V us
' fscL > 100 kHz -55°C to 125°C 0.6
Set-up time for a repeated fscL = 100 kHz —-55°C 10 125°C 4.7
tsusta oy ARpT P - ——22Vi3V us
fSCL > 100 kHz —-55°C to 125°C 0.6
tup,par  Data hold time -55°C to 125°C | 2.2VI3V 0 ns
tsupar Data set-up time -55°C to 125°C | 2.2V/3V | 250 ns
tsusto  Set-up time for STOP -55°Cto 125°C | 2.2V/3V | 4.0 us
¢ Pulse width of spikes _55°C 1o 125°C 22V 50 150 600 ns
SP suppressed by input filter 3V 50 100 600
tHD ,STA EJ STi‘tEJ ‘STi RBUF
SDA
/ omm WVen' N/
P tLOW “‘tH\GH‘ tSL -
SCL } \ / / \% \
tSU ,DAT tSU ,STO
> < <«
t—ID ‘DAT‘ L

Figure 24. 12C Mode Timing
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10-Bit ADC, Power-Supply and Input Range Conditions — Electrical Characteristics®
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Ta Vce MIN  TYP MAX| UNIT
Ve Analog supply voltage range Vgs =0V -55°C to125 °C 2.2 3.6 \%
All Ax terminals,
Vax Analog input voltage range @ Analog inputs selected in -55°C to 125°C 0 Vee| V
ADC10AE register
fapciocLk = 5.0 MHz, 22V 052 1.05
ADC100N =1, REFON =0,
lapcio  ADC10 supply current® ADC10SHTO =1, -55°C to 125°C mA
ADC10SHT1 = 0, 3V 0.6 12
ADC10DIV = 0
fapciocLk = 5.0 MHz,
ADC100N =0, REF2_5V =0, -55°C to 125°C | 2.2 VI3V
REFON = 1, REFOUT =0
lngrs Reference supply'current(,4) 0.25 4l ma
reference buffer disabled fapciocLk = 5.0 MHz,
ADCI100N =0, REF2_5V =1, -55°C to 125°C 3V
REFON = 1, REFOUT =0
fADClOCLK =5.0 MHz, -55°C to 85°C 22VI3V 1.1 1.4
| Reference buffer supply current ADC100N =0, REFON =1, mA
REFB.O  with ADC10SR = 0 REF2_5V =0, 125°C 22VI3V 1.8
REFOUT =1, ADC10SR =0
fapciocik = 5.0 MHz, —55°C t0 85°C | 2.2 V/3V 0.5 7] mA
| Reference buffer supply current ADC100N =0, REFON =1,
REFB.1  with ADC10SR = 1) REF2_5V =0, REFOUT =1, 125°C 22V/3V 8l ma
ADC10SR=1
c Input capacitance On_Iy one terminal Ax selected at 27 bF
atime
R Input MUX ON resistance 0V <=Va$Vee 22VI3V 2000 Q

(1) The leakage current is defined in the leakage current table with Px.x/Ax parameter.
(2) The analog input voltage range must be within the selected reference voltage range Vg: to Vr_ for valid conversion results.
(3) The internal reference supply current is not included in current consumption parameter lapcio-
(4) The internal reference current is supplied via terminal Vcc. Consumption is independent of the ADC100N control bit, unless a

conversion is active. The REFON bit enables the built-in reference to settle before starting an A/D conversion.
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10-Bit ADC, Built-In Voltage Reference — Electrical Characteristics
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Ta Vce MIN  TYP MAX| UNIT
Positive built-in lvrer+ < 1 MA, REF2 5V =0 -55°C to 125°C 2.2
Vcerers  reference analog lvrer+ < 0.5 mA, REF2 5V =1 -55°C to 125°C 2.8 \%
supply voltage range [ <1 mA REF2 5V =1 _55°C t0 125°C 2.9
v Positive built-in lvrer+ < lvrep+Mmax, REF2_5V =0 -55°C to 125°C 22VI3V 1.41 1.5 1.59 v
REF* reference voltage lvrers < Wrersmax, REF2_ 5V = 1 _55°C to 125°C 3V 235 25 2.65
Maximum VREF+ load _EEo ° 22V 0.5
ILD,VREF+ current 55°C to 125°C 3V +1 mA
lyrer+ = 500 pA + 100 pA,
Analog input voltage Va, # 0.75 V, -55°C to 125°C | 2.2VI3V +2
) REF2 5V =0
Vger+ load regulation LSB
lyrer+ = 500 pA + 100 pA,
Analog input voltage Vay # 1.25V, -55°C to 125°C 3V +2
REF2 5V =1
lvrers = 100 pA—900 | ADC10SR =0 | —55°C to 125°C 400
V load regulation HA,
REF+
. Vax # 0.5 x V, , 3V ns
response time Ervor of conversion | ADC10SR =1 | —55°C to 125°C 2000
result < 1 LSB
c Maximum capacitance | lyrgr+ £ =1 mA, _55°C t0 125°C | 2.2 VI3V 100| pF
VREF+ at pin Vgeg, @ REFON = 1, REFOUT =1 :
Temperature lvrer+ = const. with _Epo ° ppm/°
TCRrer+ coefficiont O'MAS lymers < 1 MA 55°C to 125°C | 2.2 VI3V £100| "o
Settling time of internal | lyrgr+ = 0.5 MA, REF2_5V =0 o o
tREFON reference voltage @ |REFON=0—1 —55°C 10 125°C 36V 30| bs
lyrers = 0.5 MA, ADC10SR =0 | -55°C to 125°C 1
REF2 5V =0, 2oV
REFON = 1, ADC10SR =1 | -55°C to 125°C ' 25
) Settling time of _ REFBURST =1 us
REFBURST  reference buffer® lyrers = 0.5 MA, ADCI0SR = 0 | —55°C to 125°C 2
REF2_5V =1, 3V
REFON = 1, ADC10SR =1 | -55°C to 125°C 45
REFBURST =1

(1) The capacitance applied to the internal buffer operational ampilifier, if switched to terminal P2.4/TA2/A4/NVrep+/Verer+ (REFOUT = 1),
must be limited; the reference buffer may become unstable otherwise.
(2) The condition is that the error in a conversion started after treron OF trefayf IS l€SS than £0.5 LSB.
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10-Bit ADC, External Reference — Electrical Characteristics®
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Ta Vee MIN MAX| UNIT
Verer+ > VerEF-) 55°C °
— to 125°C 1.4 V
v Positive external reference input SREF1=1, SREF0=0 e v
REFT vokage range Verer- < Verers+ < Vec — 0.15 _55°C to 125°C 14 30

V,SREF1=1, SREF0=1®

Negative external reference input

VeREF- V0|tage range (4) Verer+ > Verer- -55°C to 125°C 0 1.2 \%

Differential external reference
AVerer  input voltage range, Verer+ > Verer. @ -55°C to 125°C 14 Vec| V

AVerer = Verer+ — VeREF-

0V = Veger+ < Vec,

SREF1 = 1, SREFO = 0 -55°C to 125°C 2.2VI3V +1
lveREF+ Static input current into Vergr+ OV <Verer+ SVcc—-0.15V <3 MA
, -55°C to 125°C 2.2VI3V 0
SREF1 = 1, SREF0 = 1®
lveREF— Static input current into Vergr— 0V £ Verer- £ Ve -55°C to 125°C 2.2VI3V 1| pA

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

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

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

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

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

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

PARAMETER TEST CONDITIONS Ta Vee MIN  TYP MAX | UNIT
. For specified ADC10SR=0 | -55°Ct0125°C |[2.2V/I3V | 0.45 6.5
fabciocLk ADC10 input clock performance of ADC10 MHz
frequency linearity parameters ADC10SR=1 | -55°Cto 125°C |22 V/3V| 0.45 1.5
ADC10 built-in ADC10DIVx = 0, ADC10SSELx = 0, ° o
fADC100SC  geciiator feqUENCy | Faocrocik = facinose —55°C t0 125°C | 2.2V/3V| 3.25 6.45| MHz
ADC10 built-in oscillator,
ADC10SSELx =0, -55°C to 125°C |2.2VI3V | 2.06 3.51
o fapciocLk = fabcioosc
tcONVERT Conversion time 13- us
fADClOCLK from ACLK, MCLK, or _EEo ° -
SMCLK: ADC10SSELX # 0 55°Cto 125°C ADCLODIVX
UfapciocLk
tabcioon Z;J{Eéogsgttlmg time (M—55°C to 125°C 100 ns

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

42 Copyright © 2008-2011, Texas Instruments Incorporated


http://focus.ti.com/docs/prod/folders/print/msp430f2274-ep.html
http://www.ti.com

13 TEXAS
INSTRUMENTS

www.ti.com

MSP430F2274-EP

SLAS614D —SEPTEMBER 2008-REVISED MAY 2011

10-Bit ADC, Linearity Parameters — Electrical Characteristics®
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER

TEST CONDITIONS

Ta

Vee

MIN

TYP

MAX

UNIT

E, Integral linearity error

-55°C to 125°C

2.2VI3V

LSB

Ep Differential linearity error

-55°C to 125°C

2.2VI3V

LSB

Eo Offset error

Source impedance Rg < 100 Q

-55°C to 125°C

2.2VI3V

LSB

Ec Gain error

SREFx = 010, un-buffered external
reference,
Verer+ = 1.5V

-55°C to 125°C

22V

SREFx = 010; un-buffered external
reference,
Verer+ = 2.5V

-55°C to 125°C

3V

SREFx = 011, buffered external
reference®),
Verer+ = 1.5V

-55°C to 125°C

22V

SREFx = 011, buffered external
reference @,
Verer+ = 2.5V

-55°C to 125°C

3V

LSB

Et Total unadjusted error

SREFx = 010, unbuffered external
reference,
Verer+ = 1.5V

-55°C to 125°C

22V

SREFx = 010, unbuffered external
reference,
Verer+ = 2.5V

-55°C to 125°C

3V

SREFx = 011, buffered external
reference®,
Verer+ = 1.5V

-55°C to 125°C

22V

SREFx = 011, buffered external
reference®,
Verer+ = 2.5V

-55°C to 125°C

3V

LSB

(1) 2.2V Not Production Tested.

(2) The reference buffer's offset adds to the gain and total unadjusted error.
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10-Bit ADC, Temperature Sensor and Built-In Vy,p — Electrical Characteristics
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Ta Vce MIN  TYP MAX| UNIT
Temperature sensor REFON = 0, INCHx = 0Ah, . . 22V 40 120
Isensor supply current® Ta = 25°C —55°C o 125°C 3V 60 160 WA
TCsensor Mt 00t 6 _55°C10125°C | 2.2V/3V | 344 355 3.66| mV/°C
Voftset.sensor  Sensor offset voltage ﬁ\ll:g_'l)?gg A:h(lz‘) -55°C to 125°C -100 100 mVv
Temperature sensor voltage
at Tp = 125°C (T version —55°C to 125°C 1265 1365 1465
only)
. Temperature sensor voltage | _ggec 15 195°¢ 1195 1295 1395
Vsensor Sensor output voltage ©) atTp=85°C 2.2VI3V mv
AeaPSIonIe Sehsor voltage | _ggec 1o 125°C 985 1085 1185
=
;f?pf’gﬁucre sensorvoltage | _ggec 6 105°C 895 995 1095
=
. . ADCI100N =1, INCHx = OAh,
tsensor(sample) ?i?;ﬁglml% Egllg{:g ed® Error of conversion result -55°C to 125°C 2.2VI3V 30 ys
<1LSB
Current into divider _ _ o ° 2.2V NA
o e L ® ADCL100N = 1, INCHx = 0Bh | —55°C to 125°C Y A HA
. ADC100N = 1, INCHx = 0Bh 22V ] 106 11 1.14
Y, Vcc divider at channel 11 - ' ’ -55°C to 125°C Y
MID ce Viip is # 0.5 x Ve 3V 146 15 154
. . ADCI100N =1, INCHx = 0Bh 22V 1400
Sample time required . ’ _Epo °
tymiD(sample) it channel 11 is selected © Eriolisoéconverswn result 55°C to 125°C 3V 1220 ns

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

(2) The following formula can be used to calculate the temperature sensor output voltage:
VSensor,typ = TCSensor (273 +T [OC] ) + VOﬁsel,sensor [m\/] or
Vsensortyp = TCsensor T ["C] + Vsensor(Ta = 0°C) [mV]

(3) Results based on characterization and/or production test, not TCgensor O Vofiset sensor-

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

(5) No additional current is needed. The Vyp is used during sampling.

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

Operational Amplifier (OA) Supply Specifications — Electrical Characteristics
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Ta Vee MIN TYP  MAX| UNIT
Ve Supply voltage range -55°C to 125°C 2.2 3.6 \%
Fast Mode —55°C to 125°C 180 290
lcc Supply current® Medium Mode —55°C to 125°C | 2.2V/3V 110  190| pA
Slow Mode —55°C to 125°C 50 80
PSSR Power-supply rejection ratio Noninverting 22 VI3V 70 dB

(1) Corresponding pins configured as OA inputs and outputs, respectively.
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Operational Amplifier (OA) Input/Output Specifications — Electrical Characteristics

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

PARAMETER TEST CONDITIONS Ta Vee MIN TYP MAX UNIT
Vip Input voltage range _55°C to 125°C —0.1 Vee | v
-55°C to 55°C -15  +0.5 15
lig 'CTJ‘?;‘etr']f{"l‘!‘?z € 55°Ct0 85°C |22 VI3V 20 45 20 nA
85°C to 125°C -100 100
Fast Mode 50
Medium Mode | fyp) = 1 kHz 80
i i Slow Mode 140
v, Voltage noise density, nVNAz
P Fast Mode 30
Medium Mode | fy(p) = 10 kHz 50
Slow Mode 65
Vio Offset voltage, I/P -55°Cto 125°C |[2.2V/I3V +10 mV
dorfifffelt/;emperat“re See ® 22V3V +10 uV/PC
Offset voltage drift 03V=sVysSVcec-10V o o
with supply, /P AVee < £10%, T, = 25°C -55°C to 125°C | 2.2V/3V 1.5 mVv/ivV
High-level output Fast Mode, Isource < —-500 JA | -55°C to 125°C VCSE Vee
Von voltage, 2.2VI3V ' \Y
oP Slow Mode, lsource < —150 yA | —55°C to 125°C Vee o Vee
Low-level output Fast Mode, Isoyrce < 500 pA -55°C to 125°C Vss 0.2
VoL voltage, 22VI3V Y
o/P Slow Mode, ISOURCE <150 IJA —55°C to 125°C VSS 0.1
Rioad = 3 KQ, Cioad = 50 pF, 150
Vorpoaxy < 0.2V
Output resistance® | Rigag = 3 kQ, Cloag = 50 pF,
Rorp(omy (see Figure 25) Vorpoax) > Vec — 1.2V 22VIBV 150 Q
Rioad = 3 KQ, Cioad = 50 pF, 0.1
0.2vs VO/P(OAX) < VCC -0.2V ’
Common-mode . .
CMRR rejection ratio Noninverting 22VI3V 70 dB
(1) ESD damage can degrade input current leakage.
(2) The input bias current is overridden by the input leakage current.
(3) Calculated using the box method
(4) Specification valid for voltage-follower OAXx configuration
Ro/p(oax) A
A RLoad Max{--— — — — — — —
| ILoad oa [
! [
i [
: ‘ ‘
i i !
i i [
} O/P(OAX) | ClLoad Min{— >~
‘ | >
‘. 7777777777777777777 I U T ‘
0.2v AVee0Vpy o VouT
Figure 25. OAx Output Resistance Tests
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Operational Amplifier (OA) Dynamic Specifications — Electrical Characteristics
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Ta Vce MIN  TYP  MAX| UNIT
Fast Mode 12
SR Slew rate Medium Mode 0.8 V/us
Slow Mode 0.3
Open-loop voltage gain 100 dB
om Phase margin C_ =50 pF 60 deg
Gain margin C_ =50 pF 20 dB
Noninverting, Fast Mode, 29
R =47 kQ, C_ =50 pF ’
Gain-bandwidth product Noninverting, Medium Mode,
GBW (see Figure 26 and Figure 27) | R =300 kQ, C, =50 pF 22VIBV 14 MHz
Noninverting, Slow Mode, 05
R_ =300 kQ, C_ =50 pF ’
ten(on) Enable time on ton, NONINverting, Gain = 1 -55°C to 125°C 22VI3V 10 20| s
ten(off) Enable time off -55°C to 125°C 22VI3V 1| ps
TYPICAL OPEN-LOOP GAIN vs FREQUENCY TYPICAL PHASE vs FREQUENCY
140 0
120
1
00 50
80 Fast Mode
Fast Mode
. \ g
o Q N
'|° 4 \\\ 05)7 100 AN
< \\\ Medium Mode g L)
< 20 = I )
o N ® Medium Mode
\Xk 8 -150 \
0 /\ ey N
Slow Mode \\ o A \
-20 \\ Slow Mode
-40 N\ -200
-60 \
-80
1 10 100 1000 10000 100000 —250

1 10 100 1000 10000 100000

Input Frequency — kHz
Input Frequency — kHz

Figure 26. Figure 27.

Operational Amplifier OA Feedback Network, Resistor Network — Electrical Characteristics®
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Ta MIN TYP MAX | UNIT
Total resistance of resistor
Riotal string 96 kQ
Runit Unit resistor of resistor string® 6 kQ

(1) A single resistor string is composed of 4 Rypit + 4 Rynit + 2 Runit + 2 Rynit + 1 Rynit + 1 Runit + 1 Runit + 1 Runit = 16 Rynit = Ryotal-
(2) For the matching (i.e., the relative accuracy) of the unit resistors on a device, refer to the gain and level specifications of the respective
configurations.
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Operational Amplifier (OA) Feedback Network, Comparator Mode (OAFCx = 3) — Electrical
Characteristics

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

PARAMETER TEST CONDITIONS Ta Vee MIN  TYP  MAX| UNIT
OAFBRx =1, OARRIP =0 -55°C to 125°C 0.242 1/4 0.262
OAFBRx =2, OARRIP =0 -55°C to 125°C 0.492 Y% 0512
OAFBRx = 3, OARRIP =0 -55°C to 125°C 0.619 5/8 0.639
OAFBRx = 4, OARRIP = 0 N/A®D
OAFBRx = 5, OARRIP = 0 N/A®
OAFBRx = 6, OARRIP = 0 N/A®
OAFBRx = 7, OARRIP = 0 N/A®
Vi evel Comparator level 2.2VI3V Vee

OAFBRx =1, OARRIP =1 -55°C to 125°C 0.057 1/16 0.071
OAFBRx =2, OARRIP =1 -55°C to 125°C 0.122 1/8 0.128
OAFBRx = 3, OARRIP =1 -55°C to 125°C 0.182 3/16 0.197
OAFBRx =4, OARRIP =1 -55°C to 125°C 0.242 1/4 0.262
OAFBRx =5, OARRIP =1 -55°C to 125°C 0.367 3/8 0.383
OAFBRx = 6, OARRIP = 1 -55°C to 125°C 0.492 Y% 0512
OAFBRx = 7, OARRIP = 1 N/A®
Fast Mode, Overdrive 10 mV 40
Fast Mode, Overdrive 100 mV
Fast Mode, Overdrive 500 mV 3

_ Medium Mode, Overdrive 10 mV 60

tpLH, tPHL (Ialgc\:\?-ﬁ?gaﬁlgzgﬁligﬁ-low) Medium Mode, Overdrive 100 mV 2.2VI3V 6 us

Medium Mode, Overdrive 500 mV 5
Slow Mode, Overdrive 10 mV 160
Slow Mode, Overdrive 100 mV 20
Slow Mode, Overdrive 500 mV 15

(1) The level is not available due to the analog input voltage range of the operational amplifier.

Operational Amplifier (OA) Feedback Network, Noninverting Amplifier Mode (OAFCx = 4) —
Electrical Characteristics

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

PARAMETER TEST CONDITIONS Ta Vee MIN TYP MAX | UNIT
OAFBRx =0 —55°C to 125°C 0.970 1.00  1.035
OAFBRx = 1 —55°C to 125°C 1325 1.334  1.345
OAFBRx = 2 —55°C to 125°C 1.985 2001 2.017

G Gain OAFBRx = 3 —55°C to 125°C ovIaY 2638 2.667  2.696
OAFBRx = 4 —55°C to 125°C 3.94 4,00 4,06
OAFBRx =5 —55°C to 125°C 5.22 5.33 5.44
OAFBRx = 6 —55°C to 125°C 7.76 7.97 8.18
OAFBRx = 7 —55°C to 125°C 15.0 15.8 16.7

THD gi(;ttilrtri]t)a;mgrrllll(i:nearity All gains Z;VV _jg dB

tsettie Settling time® All power modes -55°C to 125°C | 2.2 VI3V 7 12| ps

(1) The settling time specifies the time until an ADC result is stable. This includes the minimum required sampling time of the ADC. The
settling time of the amplifier itself might be faster.
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Operational Amplifier (OA} Feedback Network, Inverting Amplifier Mode (OAFCx = 6) —
Electrical Characteristics®

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

PARAMETER TEST CONDITIONS Ta Vee MIN TYP MAX | UNIT

OAFBRx =1 —55°C to 125°C -0.385 -0.335 -0.305
OAFBRx =2 —55°C to 125°C -1.023 -1.002 -0.979
OAFBRx =3 —55°C to 125°C -1.712 -1.668 -1.624

G Gain OAFBRx =4 —-55°C to 125°C | 2.2 VI3V -3.10 -3.00 -2.90
OAFBRx =5 —55°C to 125°C -4.51 -4.33 -4.15
OAFBRx =6 —55°C to 125°C -7.37 —-6.97 -6.57
OAFBRx =7 —55°C to 125°C -16.6 -14.8 -13.1

THD gic;ttzlrtri‘g:lm?)ﬂll?nearity All gains Z;VV _38 dB

tsettie Settling time @ All power modes —-55°C to 125°C | 2.2 VI3V 7 12| ps

(1) This includes the 2 OA configuration "inverting amplifier with input buffer". Both OA needs to be set to the same power mode OAPMx.

(2) The settling time specifies the time until an ADC result is stable. This includes the minimum required sampling time of the ADC. The
settling time of the amplifier itself might be faster.

Flash Memory — Electrical Characteristics®

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

PARAMETER TEST Ta
CONDITIO Vce MIN  TYP MAX| UNIT
NS

Veeremierase)y Program and erase supply voltage -55°C to 125°C 2.2 3.6 \%
fero Flash timing generator frequency -55°C to 125°C 257 476 | kHz
lpam Supply current from Ve during program -55°C to 125°C 22VI36V 1 5 mA
lERASE Supply current from V¢ during erase -55°C to 125°C 22VI36V 1 105| mA
tepT Cumulative program time @ —55°C to 125°C | 2.2 V/3.6 V 10| ms
tCMErase Cumulative mass erase time -55°C to 125°C 22VI3.6V 20 ms

Program/Erase endurance -55°C to 125°C 10  10° cycles
tRetention Data retention duration® T,=25°C 100 years
tword Word or byte program time @) 30 ters
tBlock, 0 Block program time for 15t byte or word | 25 ters
t Block program time for each additional | (4 18 t
Block, 1-63 byte or word FTG
taiock, End Block program end-sequence wait time | 9 6 tere
tMass Erase Mass erase time @ 1052 trre
tseq Erase Segment erase time “) 4819 trro

(1) Additional Flash retention documentation located in application report (SLAA392).

(2) The cumulative program time must not be exceeded when writing to a 64-byte flash block. This parameter applies to all programming
methods: individual word/byte write and block write modes.

(3) To test the flash data retention at various temperatures we make use of accelerated tests on the flash with 500-Hours Baking Time at
250°C. These tests are wholly based on Arrhenius law and equation.

(4) These values are hardwired into the Flash Controller's state machine (terg = 1/ferg)-

RAM — Electrical Characteristics
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
PARAMETER TEST CONDITIONS Ta
RAM retention supply voltage @ CPU halted —55°C to 125°C

MIN MAX| UNIT
1.6 \%

V(RAMN)

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

PARAMETER TEST CONDITIONS Ta Vee MIN  TYP MAX| UNIT
fspw Spy-Bi-Wire input frequency -55°C to 125°C 22VI3V 0 20| MHz
tswLow SPY-Bi-Wire low clock pulse length _55°C 10 125°C |22 VI3V O'OE 15| us

Spy-Bi-Wire enable time
tsewen  (TEST high to acceptance of first clock -55°C to 125°C 2.2VI3V 1| us
edge®)
Spy-Bi-Wire return to normal operation N o
tSBWRet g —55°C to 125°C 22VI3V| 15 100| ps
f TCK input frequency ® 55°C to 125°C 22V 0 > MHz
Tex put frequency 3V 0 10| MHz
Rinternal  INternal pulldown resistance on TEST -55°C to 125°C 2.2VI3V 25 60 90| kQ

(1) Tools accessing the Spy-Bi-Wire interface need to wait for the maximum tsgw g, time after pulling the TEST/SBWCLK pin high before
applying the first SBWCLK clock edge.

(2) frck may be restricted to meet the timing requirements of the module selected.

JTAG Fuse® — Electrical Characteristics

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

PARAMETER TEST CONDITIONS Ta MIN  MAX| UNIT
Veerr)  Supply voltage during fuse-blow condition Ta=25°C 2.5 \%
Veg Voltage level on TEST for fuse blow -55°C to 125°C 6 7 \%
Ies Supply current into TEST during fuse blow -55°C to 125°C 100 mA
te Time to blow fuse -55°C to 125°C 1 ms

(1) Once the fuse is blown, no further access to the JTAG/Test, Spy-Bi-Wire, and emulation feature is possible, and JTAG is switched to
bypass mode.
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APPLICATION INFORMATION

Port P1 Pin Schematic: P1.0 to P1.3, Input/Output With Schmitt Trigger

r Pad Logic|
P1REN.xm | |
' |
| pvss {0 |
[ O |
| pvcc— 1 1
PlDlR'X‘t 0 Direction | I
1 0: Input | } |
1: Output | |
! I
P10UT.XIL 0 | |
Module X OUT — 1 | | p1.omacikiabciocLk
| Pr1TAO
P1SEL.X | | PL2/TAL
‘ I | PL3/TA2
P1IN.x ¢ ¢ | [
T o] | |
|
Module X IN €] <] D] —® :
|
- I
P1IE.x
EN |
P1IRQ.X <—C4_ o
I Set 4
P1IFG.x J
P1SEL.X B Interrupt
Edge
PLEESX B—| select |—
Port P1 (P1.0 to P1.3) Pin Functions
" CONTROL BITS/SIGNALS®
PIN NAME (P1.X) FUNCTION®
P1DIR.x P1SEL x
P1.0® 1:0;0:1 0
P1.0/TACLK/ADC10CLK Timer_A3.TACLK 0 1
ADC10CLK 1 1
P1.1 ¥ (1/10) 110;0: 1 0
P1.1/TAO Timer_A3.CCIOA 0 1
Timer_A3.TAO 1 1
P1.2™ (1/0) 10;0: 1 0
P1.2/TA1 Timer_A3.CCIOA 0 1
Timer_A3.TAO 1 1
P1.3™ 110 1:0;0:1 0
P1.3/TA2 Timer_A3.CCIOA 0 1
Timer_A3.TAO 1 1
(1) N/A: Not available or not applicable
(2) X: Don't care
(3) Default after reset (PUC/POR)

4)

Default after reset (PUC/POR)

50
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Port P1 Pin Schematic: P1.4 to P1.6, Input/Output With Schmitt Trigger and In-System Access

Features

P1REN.Xm ®
9
DVSS— 0
DVCC— 1
P1DIR d
'X‘t 0 Direction Py ‘
1 0: Input '7;8}
1: Output ‘
PlOUT.xIL 0
@
Module X OUT — 1
P1SEL.x Bus
Keeper
P1IN.x < L ] EN

Module X IN 40

Pad Logic |

P1.5/TAO/TMS
P1.6/TA1/TDI

e U

P1.4/SMCLK/TCK

P1IE.x T T T T T T T
EN [
P1IRQ.X 4{:4- 9
‘ Set 4
PLIFG.x J
P1SELX B Interrupt
Edge
P1IES.x =— select
To JTAG 4 ‘
From JTAG L ‘
Port P1 (P1.4 to P1.6) Pin Functions
. CONTROL BITS/SIGNALS®
PIN NAME (P1.X) X FUNCTION® _
P1DIR.x P1SEL.x | 4-Wire JTAG
P1.4® (1/0) 1:0;0:1 0 0
P1.4/SMCLK/TCK 4 SMCLK 1 1 0
TCK X X 1
P1.5@ (1/0) 1:0;0:1 0 0
P1.5/TAO/TMS 5 Timer_A3.TAO 1 1 0
T™S X X 1
P1.6® (1/0) 1:0;0:1 0 0
P1.6/TAL/TDI/TCLK 6 Timer_A3.TA1 1 1 0
TDI/TCLK® X X 1
(1) N/A: Not available or not applicable
(2) X:Don't care
(3) Default after reset (PUC/POR)
(4) Function controlled by JTAG
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Port P1 Pin Schematic: P1.7, Input/Output With Schmitt Trigger and In-System Access Features

Pad Logic |

P1REN.7m ® |

|

DVSS— 0 I

C— |

DvCC— 1 1

P1DIR.7 d :

: 't 0 Direction ° ‘ |

1 0: Input Py ,4‘8} |

1: Output ) |

PlOUT.?lL 0 I

®
Module X OUT — 1 T P1.7/TA2/TDO/TDI
P1SEL.7 Bus
Keeper

P1IN.7 <« ® EN

P1lIE.7
EN
.
P1IRQ.7
oo (%[
Set
P1IFG.7
P1SEL.7 m Interrupt
Edge
P1IES.7 m— Select
To JTAG ¢ ‘
From JTAG L
From JTAG

From JTAG (TDO)

|
|
|
|
|
|
|
|
|
I
I
I
I
I
I
‘II I
Module X IN | <] D] —® :
I
[
|
|
|
|
|
|
|
|
|
|
|
|
|

Port P1 (P1.7) Pin Functions

L CONTROL BITS/SIGNALS®@
PIN NAME (P1.X) X FUNCTION® -
P1DIR.X PI1SEL.x | 4-Wire JTAG
P1.7® (1/0) 10;0: 1 0 0
P1.7/TA2/TDO/TDI 7 | Timer_A3.TA2 1 1 0
TDO/TDI® X X 1

(1) N/A: Not available or not applicable
(2) X: Don't care

(3) Default after reset (PUC/POR)

(4) Function controlled by JTAG
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Port P2 Pin Schematic: P2.0, P2.2, Input/Output With Schmitt Trigger

I_________Fad_mac'i
ToADC 10 | I
I
INCHx =y | :
I
ADC10AEO.ym I |
N
P2REN.Xm | |
! |
| DVSS |
[ O |
I DVCC 1
PZDIR'XT 0 Direction | o [ I
1 0: Input | ® 58} |
1: Output | |
' I
PZOUT.XIL 0 | |
i
Module X OUT —1 1 | T I P2.0/ACLK/AO/OAQIO
| P2.2/TAO/A2/0OA0I1
P2SEL.x I Bus |
| Keeper |
P2IN.x <« o | EN |
| i |
‘ I
Module X IN | <] D] —® | :
I
- I
P2IE.X
EN |
P2IRQ.x <—Cﬂ_ 9
‘ Set |4
P2IFG.x J
0
P2SEL.X B Interrupt
Edge +
P2IES.X = Select OA0
Port P2 (P2.0, P2.2) Pin Functions
. . CONTROL BITS/SIGNALS®)
Pin Name (P2.X) X Y FUNCTION®
P2DIR.X P2SEL x ADC10AEQ.y
P2.0® (1/0) 1:0;0:1 0 0
P2.0/ACLK/A0/OAOQIO 0 0 |ACLK 1 1 0
AO0/OA0I0® X X 1
P2.2® (1/0) I:0;0:1 0 0
Timer_A3.CCIOB 0 1 0
P2.2/TA0/A2/OA0IL 2 2 _
Timer_A3.TAO 1 1 0
A2/0A011¢) X X 1

(1) N/A: Not available or not applicable

(2) X:Don't care

(3) Default after reset (PUC/POR)
(4) Setting the ADC10AEQ.y bit disables the output driver as well as the input Schmitt trigger to prevent parasitic cross currents when

applying analog signals.
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Port P2 Pin Schematic: P2.1, Input/Output With Schmitt Trigger

____________ "
I Pad Logic |
ToADC10 | I
|
INCHx = 1 i :
|
ADC10AEQ.1m I |
I___'_________j
P2REN.1m i |
| |
I pvss {0 |
| )
| pvcc | 1 1| |
P2D|R-1T 0 Direction | o I
1 0: Input | ,_Lg } I
1: Output | |
J [
P20UT.1IL 0 | |
' 1
] |
Module X OUT 1 | T I P2.1/TAINCLK/SMCLK/
| A1/OA00
P2SEL.1 | Bus I
| Keeper
|
P2IN.1 < o | EN I
| l I
‘!I I
Module X IN | <] D] —® :
[
- I

P2IE.1
EN |
P2IRQ.1 {4_ o

I Set 4
P2IFG.1 1
OLOo—e
P2SEL.1 ® Interrupt
Edge
P2IES.1 m—] Se|ect —
OAADCXxm—
OAFCxm—— (OAADCx = 10 or OAFCx = 000) and OAPMx > 00
OAPMXx®B—
To OAO Feedback Network Ol
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Port P2 Pin Schematic: P2.3, Input/Output With Schmitt Trigger

SREF2
0 VSS r Pad Logic 1
To ADC 10 Vg < [ |
| | i
ToADC 10 | |
[ |
INCHx =3 i |
[ |
ADC10AEOQ.3m I I
I
P2REN.3m i |
' |
I Dvss | 0 I
| O
| pvcc—| 1 1| |
P2D|R-3‘t 0 Direction | o | l
1 0: Input I >* l
1: Output | |
! |
P20UT.3IL 0 | [
. 'l
Module X OUT —] 1 : T | P2.3/TAL/
| A3/VREF+VeREF-
[
P2SEL.3 Bus | OALI1/0OA10
| Keeper |
P2IN.3 «¢ o | EN I
| l [
‘!I |
Module X IN [ <] D —® | :
|
- |

P2IE.3
EN L1 |
-
P2|RQ.34C : o °

Set
P2IFG.3

P2SEL.3 = Interrupt | |
Edge
P2IES.3 B— Select —

OAADCXE—
OAFCxm—— (OAADCx = 10 or OAFCx = 000) and OAPMx > 00
OAPMXE——

To OA1 Feedback Network
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Port P2 (P2.1) Pin Functions

" CONTROL BITS/SIGNALS®@
PIN NAME (P2.X) X |y FUNCTION®
P2DIR.X P2SEL.x ADCI10AEQ.y
P2.1® (1/0) 110;0: 1 0 0
Timer_A3.INCLK 0 1 0
P2.1/TAINCLK/SMCLK/A1/OA00 1|1
SMCLK 1 1 0
A1/0A00™ X X 1

(1) N/A: Not available or not applicable

(2) X: Don't care

(3) Default after reset (PUC/POR)

(4) Setting the ADC10AEQ.y bit disables the output driver as well as the input Schmitt trigger to prevent parasitic cross currents when
applying analog signals.

Port P2 (P2.3) Pin Functions

" CONTROL BITS/SIGNALS®
PIN NAME (P2.X) X |y FUNCTION®
P2DIR.X P2SEL.x ADCI10AEQ.y
P2.3® (1/0) 110;0: 1 0 0
Timer_A3.CCI1B 0 1 0
P2.3/TAL/A3NRer/Verer/OALILIOAIO | 3 | 3 |—

Timer_A3.TA1 1 1 0
A3/Vger/Verer/OALIT/OAL1OW X X 1

(1) N/A: Not available or not applicable

(2) X:Don't care

(3) Default after reset (PUC/POR)

(4) Setting the ADC10AEQ.y bit disables the output driver as well as the input Schmitt trigger to prevent parasitic cross currents when
applying analog signals.
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Port P2 Pin Schematic: P2.4, Input/Output With Schmitt Trigger

Pad Logic |
To/from ADC10 I I
positive reference | |
I |
To ADC 10 | o
I |
INCHx = 4 | |
I
ADCI10AEQ.4m I :
F———————————-
P2REN.4m | :
' |
| DVSS— 0 |
I O
| DVCC 1 1 1
P2DIR.4T 0 Direction | o I
1 0: Input | ® 58} |
1: Output ; |
! I
P20UT.4IL 0 | |
‘ 'l
Module X OUT —] 1 : T | P2.4/TA2/
| - | A4INREF+NeREF+
P2SEL.4 us OAL1I0
| Keeper :
P2IN.4 <« o | EN |
[ o | : |
Module X IN €] <] D] —e T;D7 :
= |
P2IE.4
EN |
—u
P2IRQ.4
Natar
Set
P2IFG.4
e
P2SEL.4 m—| Interrupt
Edge +
P2IES.4 m—| select |— OAL
Port P2 (P2.4) Pin Functions
.’ CONTROL BITS/SIGNALS®
PIN NAME (P2.X) X Y FUNCTION®
P2DIR X P2SEL x ADC10AEQ.y
P2.4® (1/0) 1:0;0:1 0 0
P2.4/TA2IA4IN ree /N erer+/OALI0 4 4 | Timer_A3.TA2 1 1 0
AAN e +/Vorer+/OALI0® X X 1

(1) N/A: Not available or not applicable

(2) X:Don't care

(3) Default after reset (PUC/POR)

(4) Setting the ADC10AEOQ.y bit disables the output driver as well as the input Schmitt trigger to prevent parasitic cross currents when
applying analog signals.
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Port P2 Pin Schematic: P2.5, Input/Output With Schmitt Trigger and External Rygc for DCO

| Pad Logic |
To DCO I I
l |
DCORm | o |
I
P1REN.Xm I |
| |
| DVSS - 0 |
| O |
| DvCC— 1 1
PlDIR'XT 0 Direction | o [ I
1 0: Input | ® 58} |
1: Output | |
! I
PlOUT.le 0 | |
' 'l
Module X OUT —( 1 : T | p2srosc
I
P1SEL.X | Bus |
| Keeper |
P1IN.x <« o | EN |
| l |
‘ I
Module X IN | < D] —® | :
|
- _ I
P1IE.X
EN |0
.
P1IRQ.X
SaLa)
Set
P1IFG.X
P1SELX B Interrupt
Edge
P1lIES.Xx m—] Select
Port P2 (P2.5) Pin Functions
CONTROL BITS/SIGNALS®
PIN NAME (P2.X) X FUNCTION
P2DIR.X P2SEL.x DCOR
P2.5@ (1/0) 01 0 0
P2.5/R 5 NIA® 0 ! 0
rose DVss 1 1 0
Rosc X X 1

(1) X:Don't care
(2) Default after reset (PUC/POR)
(3) N/A: Not available or not applicable

58 Copyright © 2008-2011, Texas Instruments Incorporated


http://focus.ti.com/docs/prod/folders/print/msp430f2274-ep.html
http://www.ti.com

13 TEXAS
INSTRUMENTS

www.ti.com

MSP430F2274-EP

SLAS614D —SEPTEMBER 2008—-REVISED MAY 2011

Port P2 Pin Schematic: P2.6, Input/Output With Schmitt Trigger and Crystal Oscillator Input

BCSCTL3.LFXT1Sx = 11 Ir LFXT1 Oscillator !
LFXT1 off I I
| |
| |
LFXT1CLK : |
PoSEL 7m \ r ® Pad Logic |
| |
P2REN.6m I
[
pvss | 0 |
“0 |
pvcc—| 1 1
[
P2D|R-6|t 0 Direction Py D |
1 0: Input .;8
1: Output |
|
|

P20UT.6

Module X OUT —

P2SEL.6

.

P2IN.6 «¢

%

Bus
Keeper

EN

P2.7/XOUT

P2.6/XIN

Module X IN —®
P2IE.6
EN |
P2IRQ.6 4{_ " 9
Set 4
P2IFG.6 J
P2SEL.6 ® Interrupt
Edge
P2IES.6 B=—| select |—
Port P2 (P2.6) Pin Functions
" CONTROL BITS/SIGNALS®
PIN NAME (P2.X) X FUNCTION®
P2DIR.X P2SEL .
P2.6 (I/0) 10;0: 1 0
P2.6/XIN 6
XIN®) X 1

(1) N/A: Not available or not applicable
(2) X: Don't care
(3) Default after reset (PUC/POR)
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Port P2 Pin Schematic: P2.7, Input/Output With Schmitt Trigger and Crystal Oscillator Output

aﬁ

BCSCTL3.LFXT1Sx = 11 lFxT10scillator 1
F | |
LFXT1 off | |
I |
| [

| C_

LFXTICLK From P2.6/XIN_ | I P2.6/XIN
P2SEL.6m D—F—« Pad Logic |
| |
P2REN.7m | |
| [
[ DVSS — 0 - [
: pvcc—| 1 1| |
[
PZDR?T 0 Direction I o |
1 0: Input ! IS Eg}
1: Output I |
I |
P20UT.7 0 | |
°
Module X OUT —{ 1 : T | P2.7/XOUT

P2SEL.7 I Bus |
[ Keeper [
P2IN.7 <« o | EN |
| l |
| [
| |
| |

Module X IN
P2IE.7
EN |-
P2IRQ.7 4{_ " 9
Set 4
P2IFG.7 J
P2SEL.7 B—] Interrupt
Edge
P2IES.7 | select |—
Port P2 (P2.7) Pin Functions
" CONTROL BITS/SIGNALS®
PIN NAME (P2.X) X FUNCTION®
P2DIR.x P2SEL.x
P2.7 (1/0) 1:0;0: 1 0
XOUT/P2.7 6
xouT® @ X 1

(1) N/A: Not available or not applicable

(2) X: Don't care

(3) Default after reset (PUC/POR)
(4) If the pin XOUT/P2.7 is used as an input a current can flow until P2SEL.7 is cleared due to the oscillator output driver connection to this

pin after reset.
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Port P3 Pin Schematic: P3.0, Input/Output With Schmitt Trigger

e |
| Pad Logic I
To ADC 10 ] i
|
INCHx=5 i :
|
ADC10AEO.5m I |
I
P3REN.Om I |
| |
I DVSS—{ 0 |
| O |
| DvcCc— 1 1
P3DIRO® 0 Direction l o [ :
USCI Direction __| 0: Input X }
1 pu ._LS
Control 1: Output ! ‘ |
! |
PSOUT.OIL 0 ! I
‘ 'l
|
Module X OUT — 1 I T : P3.0/UC1STE/UCOCLK/AS
P3SEL.0 | Bus I
| Keeper I
P3IN.0 «¢ e | EN |
| i |
- |
Module X IN | <] D] | :
|
.- - |
Port P3 (P3.0) Pin Functions
" CONTROL BITS/SIGNALS®
PIN NAME (P1.X) X Y FUNCTION®
P3DIR.X P3SEL.x ADC10AEOQ.y
P3.00 (1/0) I:0;0: 1 0 0
P3.0/UC1STE/UCOCLK/A5 0 5 | UCISTE/UCOCLK® ®) X 1 0
A5®) X X 1

(1) N/A: Not available or not applicable

(2) X:Don't care

(3) Default after reset (PUC/POR)

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

(5) UCOCLK function takes precedence over UC1STE function. If the pin is required as UCOCLK input or output USCI1 is forced to 3-wire
SPI mode if 4-wire SPI mode is selected.

(6) Setting the ADC10AEQ.y bit disables the output driver as well as the input Schmitt trigger to prevent parasitic cross currents when
applying analog signals.
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Port P3 Pin Schematic: P3.1 to P3.5, Input/Output With Schmitt Trigger

: DVSS Pad Logic-i
P3REN.Xm | |
| |
| |
DVSS —{ 0 I
| O
I DvcC— 1 1
P3DIRx® 0 Direction | ° Lo :
USCI Direction ___| 0: Input }
1 p o 1
Control 1: Output : | I
|
PSOUT.XlL 0 ' |
L
Module X OUT — 1 I I p3.1ucisiMouciscL
| | P3.2UC1SOMIUC1ISDA
P3SEL.x I Bus | P3.3/UCICLK/UCOSTE
Keeper | P3.4/UCOTXD/UCOSIMO
P3IN.x ¢ o | EN I P3.5/UCORXD/UCOSOMI
|
‘n | |
Module X IN €[ =T D] | TgDi :
|
L e e o e _— I
Port P3 (P3.1 to P3.5) Pin Functions
2
PIN NAME (P3.X) X FUNCTION® CONTROL BITS/SIGNALS®
P3DIR.X P3SEL.x
P3.1@ (1/0) 1:0;0: 1 0
P3.1/UC1SIMO/UC1SDA 1 T
UC1SIMO/UC1SDA® X 1
P3.20) (1/0) 1:0;0: 1 0
P3.2/UC1SOMI/UC1SCL 1 s
ucisomi/iuciscL® X 1
P3.30) (1/0) 1:0;0: 1 0
P3.3/UC1CLK/UCOSTE 1 NG
UC1CLK/UCOSTE® () X 1
P3.40) (1/0) 1:0;0: 1 0
P3.4/UCOTXD/UCOSIMO 1 5
UCOTXD/UCOSIMO® X 1
P3.50) (1/0) 1:0;0: 1 0
P3.5/UCORXD/UCOSOMI 1 5
UCORXD/UCOSOMI(® X 1

(1) N/A: Not available or not applicable

(2) X: Don't care

(3) Default after reset (PUC/POR)

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

(5) Default after reset (PUC/POR)

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

(7) UCICLK function takes precedence over UCOSTE function. If the pin is required as UC1CLK input or output, USCIO is orced to 3-wire
SPI mode even if 4-wire SPI mode is selected.
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Port P3 Pin Schematic: P3.6 to P3.7, Input/Output With Schmitt Trigger

I_________p_aﬁcﬁc';
To ADC 10 ] i
|
INCHx =y | :
|
ADC10AEO.ym I |
I
P3REN.Xm i |
| |
| DVSS —{ 0 |
| O |
I DVCC— 1 1
P3D|R'X't 0 Direction | o [ I
1 0: Input | ® 58} |
1: Output ! ‘ |
' |
PSOUT.XIL 0 | |
L
Module X OUT —{ 1 I T | P3.6/A6/OADI2
| P3.7/A7/OALI2
P3SEL.x I Bus |
| Keeper |
P3IN.x «¢ o | EN I
| i |
- |
Module XIN -] <] D] | :
= |
e
+
OA0/1
Port P3 (P3.6, P3.7) Pin Functions
D @ CONTROL BITS/SIGNALS®
PIN NAME (P3.X) X Y FUNCTION® @)
P3DIR.X P3SEL.x ADC10AEOQ.y
P3.6™ (1/0) 1:0;0:1 0 0
P3.6/A6/0A0I2 6 6
AB/OA0I12®) X X 1
P3.7™ (1/0) I:0;0: 1 0 0
P3.7/AT/IOALI2 7 7
A7/0A112®) X X 1

(1) N/A: Not available or not applicable

(2) UCOCLK function takes precedence over UCOSTE function. If the pin is required as UC1CLK input or output, USCIO is forced to 3-wire
SPI mode if 4-wire SPI mode is selected.

(3) X:Don't care

(4) Default after reset (PUC/POR)

(5) Setting the ADC10AEQ.y bit disables the output driver as well as the input Schmitt trigger to prevent parasitic cross currents when
applying analog signals.
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Port P4 Pin Schematic: P4.0 to P4.2, Input/Output With Schmitt Trigger

|
| L I P4.6/TBOUTH/AL5/0ALI3
O e
P4SEL.6 :)7:)4_[7 Pad Logic 1
P4DIR.6 | ‘ ‘ | I
ADC10AE1.7 | D : I |
= ___ 1l '
PAREN.Xm I l
| |
| |
DVSs | 0 I
I C
I pvcc 1 1
P4D|R-X‘t 0 Direction | o | I
1 0: Input | '_OLO ) |
1. Output l ‘ |
P40OUT IL 0 I !
X S o
Module X OUT —| 1 | T | Paoreo
| _— | PavTBL
P4SEL.x | | P42TB2
Keeper
PAIN.X ¢ ® : EN :
. e |
Module X IN €] <1 D] | I
I |

Port P4 (P4.0 to P4.2) Pin Functions

PIN NAME (P4.X) X FUNCTION® CONTROL BITS/SIGNALS
P4DIR.x PASEL.x

P4.0®@ (1/0) I:0;0: 1 0

P4.0/TBO 0 Timer_B3.CCIOA 0 1
Timer_B3.TBO 1 1

P4.1@ (1/0) 1:0;0:1 0

P4.1/TB1 1 Timer_B3.CCI1A 0 1
Timer_B3.TB1 1 1

P4.2 (1/0) 1:0;0:1 0

P4.2/TB2 2 Timer_B3.CCI2A 0 1
Timer_B3.TB2 1 1

(1) N/A: Not available or not applicable.
(2) Default after reset (PUC/POR)
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Port P4 Pin Schematic: P4.3 to P4.4, Input/Output With Schmitt Trigger

I I
| L | P4.6/TBOUTH/AL5/0ALI3
P4SEL.6 | ) ) |
P4DIR.6
ADC10AEL.7 4 :
| (o L e ) -
| Pad Logic
To ADC10 i ﬁq |
+
INCHx = 8+y | |
l |
ADCL0AELym ® | I
I v I
| |
PAREN.Xm r |
I |
I |
pvss | 0
I o— |
| pvcec—| 1 1
P4D|R'X't 0 Direction | Py [ |
1 0: Input | )77 |
1: Output | |
I |
P40OUT.x 0 |
°
Module X OUT — 1 I I P4.3/TBO/A12/0OA00
[ I P4.4/TB1/A13/0A10
P4SEL.x I Bus
Keeper |
PAIN.X <€ IS : EN :
‘n l i |
Module X IN ¢{ < D] I I
| |

1
OLC—e
OAADCXE—|
OAADCx =01 and OAPMx > 00
OAPMX®—
To OA0/1 Feedback Network Ol

TIf OAADCx = 11 and not OAFCx = 000, the ADC input A12 or A13 is internally connected to the OAO or OA1 output,
respectively, and the connections from the ADC and the operational amplifiers to the pad are disabled.
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Port P4 (P4.3 to P4.4) Pin Functions

L CONTROL BITS/SIGNALS®
PIN NAME (P4.X) X Y FUNCTION®
P4DIR.X P4SEL .x ADCI10AELy
P4.3® (1/0) 110;0: 1 0 0
Timer_B3.CCIOB 0 1 0
P4.3/TBO/A12/0A00 3 4 —
Timer_B3.TBO 1 1 0
A12/0A00@ X X 1
P4.4®) (1/0) 110;0:1 0 0
Timer_B3.CCI1B 0 1 0
P4.4/TB1/A13/0A10 4 5 —=
Timer_B3.TB1 1 1 0
A13/0A10¢ X X 1

(1) N/A: Not available or not applicable

(2) X:Don't care

(3) Default after reset (PUC/POR)

(4) Setting the ADC10AEL.y bit disables the output driver as well as the input Schmitt trigger to prevent parasitic cross currents when
applying analog signals.
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Port P4 Pin Schematic: P4.5, Input/Output With Schmitt Trigger

| | L : P4.6/TBOUTHIA15/0ALI3
P4SEL.6
P4DIR.6E I F:}i ) |
ADC10AEL.7 : Oj :

o - o e -
| Pad Logic
ToADC 10
| |
INCHx = 14 [ I
| |
ADC10AEL.6m ® | |
| R‘] |
-y |
PAREN.5m r I
| |
[ |
| DVSS—| 0
o— |
| DVCC— 1 1
P4D|R'5T 0 Direction [ Py [ |
11 0: Input | ® 58}7 |
1: Output | |
| |
P4OUT.5 0 |
®
Module X OUT — 1 I T | P4.5/TB3/A14/0A0I3
[
PASEL.5 I Bus I
Keeper |
P4IN.5 ¢ ® : EN :
Tn l l |
Module X IN ¢ <1 D] I I
| |
e e e e e |
o
+
OAO
Port P4 (P4.5) Pin Functions
" CONTROL BITS/SIGNALS®
PIN NAME (P4.X) X \% FUNCTION®
P4DIR.X P4SEL X ADCI10AELy
P4.5@) (1/0) 1:0;0: 1 0 0
P4.5/TB3/A14/0A0I3 5 6 | Timer_B3.TB2 1 1 0
A14/0A0I3® X X 1

(1) N/A: Not available or not applicable

(2) X: Don't care

(3) Default after reset (PUC/POR)

(4) Setting the ADC10AEL.y bit disables the output driver as well as the input Schmitt trigger to prevent parasitic cross currents when
applying analog signals.
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Port P4 Pin Schematic: P4.6, Input/Output With Schmitt Trigger

e |

I Pad Logic |

To ADC 10 | i

[
INCHx = 15 | :
|

ADC10AEl.7m I I

R I

P4REN.6 m i I

| |

I DVss - 0 - I

: pvcc—| 1 1] |

P4D|R'6't 0 Direction [P [ :

1 0: Input . ® 58}

1: Output I ) I

= |

P4OUT.6IL 0 | I

| % |

Module X OUT 1 | P4.6/TBOUTH/
| A15/0A113

P4SEL.6 | Bus |

| Keeper I

P4IN.6 < e | EN |

I i I

‘ l |

Module X IN | < D] I I

l |

. )
+
OA1
Port P4 (P4.6) Pin Functions
" CONTROL BITS/SIGNALS®
PIN NAME (P4.X) X Y FUNCTION®
P4DIR.X P4SEL.x ADC10AELy
P4.6® (1/0) 10;0: 1 0 0
TBOUTH 0 1 0
P4.6/TBOUTH/A15/0ALI3 | 6 7

DVss 1 1 0
A15/0A113® X X 1

(1) N/A: Not available or not applicable

(2) X: Don't care

(3) Default after reset (PUC/POR)

(4) Setting the ADC10AEL.y bit disables the output driver as well as the input Schmitt trigger to prevent parasitic cross currents when
applying analog signals.
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Port P4 Pin Schematic: P4.7, Input/Output With Schmitt Trigger

PAREN.Xm

P4DIR.XIrt 0
1

DVSS— 0
DvCC— 1
Direction ° ‘
0: Input ® 58}
1: Output )

P4OUT.XIL 0

Module X OUT — 1

PA4SEL.x

P4IN.x <

! !
Bus

Keeper
® EN

—_—— — — e ——— — — — — — —

P4.7/TBCLK

Port P4 (Pr.7) Pin Functions
L CONTROL BITS/SIGNALS
PIN NAME (P4.X) X FUNCTION®
P4DIR X P4SEL .x
P4.7@ (1/0) 1:0;0: 1 0
P4.7/TBCLK 7 | Timer_B3.TBCLK 0 1
DVss 1 1

(1) N/A: Not available or not applicable

(2) Default after reset (PUC/POR)
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JTAG Fuse Check Mode

MSP430 devices that have the fuse on the TEST terminal have a fuse check mode that tests the continuity of the
fuse the first time the JTAG port is accessed after a power-on reset (POR). When activated, a fuse check
current, I, of 1 mA at 3V, 2.5 mA at 5 V can flow from the TEST pin to ground if the fuse is not burned. Care
must be taken to avoid accidentally activating the fuse check mode and increasing overall system power
consumption.

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

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

The fuse check current flows only when the fuse check mode is active and the TMS pin is in a low state (see
Figure 28). Therefore, the additional current flow can be prevented by holding the TMS pin high (default
condition).

Time TMS Goes Low After POR 7‘

T™MS I_

Figure 28. Fuse Check Mode Current, MSP430F22xx

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

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
I Drawing Qty @ (6) (3) (4/5)
MSP430F2274MDATEP ACTIVE TSSOP DA 38 250 Green (RoHS NIPDAU Level-2-260C-1 YEAR  -55t0 125 M430F2274MEP
& no Sh/Br)
MSP430F2274MRHATEP ACTIVE VQFN RHA 40 250 Green (RoHS NIPDAU Level-3-260C-168 HR ~ -55 to 125 M4F2274 Samnles
& no SbiBr) MRHATEP P
V62/08631-01XE ACTIVE VQFN RHA 40 250 Green (RoHS NIPDAU Level-3-260C-168 HR ~ -55 to 125 M4F2274
& no SbiBr) MRHATEP P
V62/08631-01YE ACTIVE TSSOP DA 38 250 Green (RoHS NIPDAU Level-2-260C-1 YEAR  -55t0 125 M430F2274MEP Samples
& no Sh/Br)

@ The marketing status values are defined as follows:
ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.
NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

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

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

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

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

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

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

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

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a

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

will appear on a device. If a line is indented then it is a continuation

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

value exceeds the maximum column width.

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

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

OTHER QUALIFIED VERSIONS OF MSP430F2274-EP :
o Catalog: MSP430F2274

NOTE: Qualified Version Definitions:

o Catalog - Tl's standard catalog product
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
* —» =K e— P1—
% { I
iy’
& & & || 8o
x | l
A T {
Cavity AR <
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
v W | Overall width of the carrier tape
P1 Pitch between successive cavity centers
E W1
TAPE AND REEL INFORMATION
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
MSP430F2274MRHATEP| VQFN RHA 40 250 180.0 16.4 6.3 6.3 1.1 12.0 16.0 Q2
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TAPE AND REEL BOX DIMENSIONS
At
4
///
// S
/\g\ /)i\
. 7
~ . /
. T -
Tu e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
MSP430F2274MRHATEP VQFN RHA 40 250 210.0 185.0 35.0
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MECHANICAL DATA

DA (R—PDSO—G**)

38 PIN SHOWN

PLASTIC SMALL—OUTLINE PACKAGE

A

ARRRARAARARAAAAARRS

20

0,15 NOM

J Gauge Plane

0,10
0,50
e X
1,20 MAX
PINS **
DIM 30 32 38
A MAX 11,10 11,10 12,60
A MIN 10,90 10,90 12,40
A MO=TSS g 4| b | DD
Variation
4040066 /F 01/2009
NOTES:  A. Al linear dimensions are in millimeters.

B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusion. Mold flash and protrusion shall not exceed 0.15 per side.

@ Falls within JEDEC MO-153, except 30 pin body length.

¥ Texas



LAND PATTERN DATA

DA (R—PDSO—-G38)

PLASTIC SMALL OUTLINE

Stencil Openings
Based on a stencil thickness

of 0.127mm (0.005inch)

Example Board Layout

TN U

7,40

it

\ »‘ ‘« 56x0,65

J: 38><

i%ﬁ%%%%%%

»‘ ‘« 58x0,50

Qi

»‘ ‘« 56x0,65

//" h S Example Solder Mask Opening
/ .,
< See Note D
0,07 —=fj=— / ( )
— \
/ All" Around \
/ |
;‘/ \
“ !
| 1,80 |
‘\ ~~ ,‘/
,.\ ’/
\ ’/'
\
/
! Pad Geometr
N 07 BO 4»‘ ‘« // Yy
. P s
T 211473/A 11/10
NOTES: A. Al linear dimensions are in millimeters.
B. This drawing is subject to change without notice.

Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release.

contact their board assembly site for stencil design recommendations. Example stencil design based on a 50% volumetric
metal load solder paste. Refer to IPC—7525 for other stencil recommendations.
D. Contact the board fabrication site for recommended soldermask tolerances.

Customers should
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MECHANICAL DATA

RHA (S*P\/QFN*N40> PLASTIC QUAD FLATRPACK NO—LEAD
6,15
585
8]
B 6,15
\ 5,85
Pin 1 Index Area /40'
Top and Bottom
1
1,00
0.80 0,20 Nominal
' Lead Frame
Q O 08 C ? L.—ﬂ—ﬂ—ﬂ—ﬂ—ﬂ—ﬂ—ﬂ—ﬂ—ﬂ—ﬂ—;li Seating P‘Oﬂe
.
0,00
0,50
40X =
1 0 f 0,30
Uuuuuujuuuuu_]
40 O {71
P THERMAL PAD 9
) | d
D) d
) SIZE AND SHAPE =
O SHOWN ON SEPARATE SHEET
) q
) I d
) - 2
k=) R
ANNNNNNNN ﬂ
30 0,50
+0,07
40X 0,23 2005
0,10 W]c[AlB]
@005 mc

Bottom View

4204276 /E 06 /11

NOTES:  A. Al linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M-1994.

B. This drawing is subject to change without notice.

C. QFN (Quad Flatpack No—Lead) Package configuration.

D. The package thermal pad must be soldered to the board for thermal and mechanical performance.

E. See the additional figure in the Product Data Sheet for details regarding the exposed thermal pad features and dimensions.
F

Package complies to JEDEC MO—-220 variation VJJD-2.
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THERMAL PAD MECHANICAL DATA

RHA (S—PVQFN—-N40) PLASTIC QUAD FLATPACK NO-LEAD
THERMAL INFORMATION

This package incorporates an exposed thermal pad that is designed to be attached directly to an external
heatsink. The thermal pad must be soldered directly to the printed circuit board (PCB). After soldering, the

PCB can be used as a heatsink. In addition, through the use of thermal vias, the thermal pad can be attached
directly to the appropriate copper plane shown in the electrical schematic for the device, or alternatively, can be
attached to a special heatsink structure designed into the PCB. This design optimizes the heat transfer from the
integrated circuit (IC).

For information on the Quad Flatpack No—Lead (QFN) package and its advantages, refer to Application Report,
QFN/SON PCB Attachment, Texas Instruments Literature No. SLUA271. This document is available at www.ti.com.

The exposed thermal pad dimensions for this package are shown in the following illustration.

PIN 1 INDICATOR Optional Pin 1 Feature
C0,30 See Note B
0,1840,05 (2 Places) — »H€—0,22+0,05 (2 Places)
A 4 1 10
7S wUUuuujuuuuu
40D an
) —— Exposed Thermal Pad
D) (@n
D) (an
4,15+0,10 =) — — =
D) (e
D) (@
D) (am
D) (am
31 D 20
ANNNANNNNN
30 21
— 4,1510,10 —¥

Bottom View

Exposed Thermal Pad Dimensions

4206355-2/X 08/14

NOTES: A. All linear dimensions are in millimeters
B. The Pin 1 Identification mark is an optional feature that may be present on some devices
In addition, this Pin 1 feature if present is electrically connected to the center thermal pad
and therefore should be considered when routing the board layout.
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LAND PATTERN DATA

RHA (S—PVQFN—N40) PLASTIC QUAD FLATPACK NO—LEAD

Example Stencil Design

Example Board Layout 0,125 (-I{lhc:(t:: ISﬁenC"

|<—36x05 Y ey 3650,
“*\g000000T0 O;B:D%gjﬂﬁuuuu -
Sle 20 lg = LI S
= 6 6 6 o = 5168 = 03] 5,15 6,75

0000000000~ 4> Tonoda000ie

51 ——~ -~ 515 ——

68 —— -~ 75—~
! (69% Printed Solder Coverage by Area)
|
I Non Solder Mask Defined Pad Example Via Layout Desigr)
i Via layout may vary depending
' T~ on layout constraints
(Note D, F)
4,15
0,08 0.85 Example 1§X¢O,3 I\
RO,14 ' . Y Solder Mask Opening \(-B o O O
// + y \\ (Note F)
l B | O O O
|\ [-— , Pad Geometr 415
OO7 0,28 (NteC)y © O O O
Il Around
© O O O
12x1,0
12x1,0

~—  —

4207627-2/R 08/14

NOTES:  A. All linear dimensions are in millimeters.

B. This drawing is subject to change without notice.

C. Publication IPC—7351 is recommended for alternate designs.

D. This package is designed to be soldered to a thermal pad on the board. Refer to Application Note, Quad Flat—Pack
Packages, Texas Instruments Literature No. SLUA271, and also the Product Data Sheets
for specific thermal information, via requirements, and recommended board layout. These documents are available at
www.ti.com <http: //www.ti.com>.

E. Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC 7525 for stencil design considerations.

F.  Customers should contact their board fabrication site for recommended solder mask tolerances and via tenting
recommendations for vias placed in the thermal pad.
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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
Tl products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, or other requirements. These resources are subject to change without notice. Tl grants you
permission to use these resources only for development of an application that uses the Tl products described in the resource. Other
reproduction and display of these resources is prohibited. No license is granted to any other Tl intellectual property right or to any third
party intellectual property right. Tl disclaims responsibility for, and you will fully indemnify Tl and its representatives against, any claims,
damages, costs, losses, and liabilities arising out of your use of these resources.

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

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2020, Texas Instruments Incorporated
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