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® Low Supply-Voltage Range, 1.8 Vto 3.6 V

® Ultralow-Power Consumption:
Active Mode: 250 pA at 1 MHz, 2.2 V
Standby Mode: 1.1 A
Off Mode (RAM Retention): 0.1 pA

® Five Power Saving Modes

® Wake-Up From Standby Mode in Less
Than 6 us

® 16-Bit RISC Architecture,
125-ns Instruction Cycle Time

® 16-Bit Sigma-Delta A/D Converter With
Internal Reference and Five Differential
Analog Inputs

® 12-Bit D/A Converter
® Two Configurable Operational Amplifiers

® 16-Bit Timer_A With Three
Capture/Compare Registers

® Brownout Detector
® Bootstrap Loader

description

Serial Onboard Programming,

No External Programming Voltage Needed
Programmable Code Protection by Security
Fuse

Integrated LCD Driver With Contrast
Control for up to 56 Segments

MSP430FG42x0 Family Members Include:
MSP430FG4250: 16KB+256B Flash Memory
256B RAM
MSP430FG4260: 24KB+256B Flash Memory
256B RAM
MSP430FG4270: 32KB+256B Flash Memory
256B RAM

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

For Additional Device Information, See
MSP430FG42x0 Device Erratasheet,
Literature Number SLAZ038

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

The MSP430FG42x0 is a microcontroller configuration with a 16-bit timer, a high-performance 16-bit
sigma-delta A/D converter, 12-bit D/A converter, two configurable operational amplifiers, 32 I/O pins, and a liquid
crystal display driver.

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

AVAILABLE OPTIONS
PACKAGED DEVICES

Ta PLASTIC 48-PIN SSOP PLASTIC 48-PIN QFN
(DL) (RG2)

MSP430FG4250IDL MSP430FG4250IRGZ
—-40°C to 85°C MSP430FG4260IDL MSP430FG4260IRGZ
MSP430FG4270IDL MSP430FG4270IRGZ

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

‘ !ﬁ I\ from subtle performance degradation to complete device failure. Precision integrated circuits may be more susceptible to damage

because very small parametric changes could cause the device not to meet its published specifications. These devices have limited
built-in ESD protection.

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

PRODUCTION DATA information is current as of publication date.

Copyright © 2007, Texas Instruments Incorporated

Products conform to specifications per the terms of Texas Instruments
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pin designation, DL package

DL PACKAGE
(TOP VIEW)
ToomI [ 10 48 [] P5.4/COM3
TDITCLK [] 2 47 [1 P5.3/COM2
T™MS [] 3 46 |] P5.2/COM1
TCK [ 4 45 ] como
RST/NMI [ 5 44 I P2.0/S13/SW0C
DVee [ 6 43 [] P2.1/S12/SW1C
DVss [ 7 42 ] P2.2/s11
XIN[] 8 41 [] P2.3/s10
XOUTI: 9 MSP430FG42x0IDL 40 :l P2.4/S9
Avgs [] 10 39 [] P2.5/s8
Avee [ 11 38 [] P2.6/s7
Veer [ 12 37 [] P2.7/S6
P6.0/A0+/OA00 [] 13 36 [J s5
P6.1/A0-/OAOFB [ 14 35 [] P5.7/s4
P6.2/A1+/0A10 [] 15 34 [] P5.6/S3
P6.3/A1-/OA1FB [ 16 33 [J P5.5/82
P6.4/0A0I [] 17 32 [] P5.0/S1
P6.5/0A012 [] 18 31 [J P5.1/s0
P6.6/0A1I1 [] 19 30 [J LCDCAP/R23
P6.7/0A112 [] 20 29 [] LCDREF/R13
P1.7/A2+ ] 21 28 [J P1.0/TAO
P1.6/A2-/0A0I0 [] 22 27 [J P1.1/TAO/MCLK
P1.5/TACLK/ACLK/A3+ [] 23 26 [J P1.2/TA1/A4-
P1.4/A3-/0OA110/DACO [] 24 25 [] P1.3/TA2/A4+
X3
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pin designation, RGZ package

RGZ PACKAGE
(TOP VIEW) o o
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DVss P2.2/S11

XIN P2.3/S10
XOUT I8 oo P2.4/S9
AVss P2.5/S8
AVce P2.6/S7
VRer MSP430FG42x0IRGZ P2.7/s6

P6.0/A0+/OA00 S5

P6.1/A0-/OAOFB P5.7/S4
P6.2/A1+/OA10 P5.6/S3
P6.3/A1-/OATFB [[10 ‘- =----=----------- P5.5/S2
P6.4/0A0I1 P5.0/S1
P6.5/0A0I2 P5.1/S0

>
—
~
[e%)
N

19 20 21

P1.7/A2+
P1.6/A2-/0A0I0 |

P1.5/TACLK/ACLK/A3+
P1.0/TAO

P6.7/0A112 |
P1.3/TA2/A4+
P1.2/TA1/A4—

P1.1/TAO/MCLK
LCDREF/R13 |
LCDCAP/R23 |

P1.4/A3-/OA110/DACO |
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functional block diagram

DVce DVss AVee  AVss

XIN  XOUuT P1 P2 P5 P6
8 8 8 8
,._+_ ——_—— L e e g AR
| - acLk
I OS‘FCL"I'_amr Flash RAM Port 1 Port 2 Port 5 Port 6
+
I P smolk | oo 2568 810 81/0 810 810
24KB Interrupt Interrupt

I ‘MCLK 16KB Capability Capability
I 8 MHz MAB
| CPU
I incl. 16
I Registers MDB
I Emulation !

Module Watchdog ) Basic LCD_A OA20,00A1 DAC12
| Timer+ Timer_A3 Timer 1 SD16_A P
| g O/ WDT+ oot - Amps 12 Bit

rownout 3CCReg | | 1interrupt | |, 293’2?\25)( 16 Bit Gho 1 Channel

| JTAG 15/16-Bit Vector o Switches Voltage Out
I Interface
e s -

RST/NMI
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Terminal Functions

TERMINAL
NAME DL | RGZ 1o DESCRIPTION
NO. | NO.
TDO/TDI 1 43 I/0 | Test data output. TDO/TDI data output or programming data input terminal
TDI/TCLK 2 44 | Test data input / test clock input. The device protection fuse is connected to TDI/TCLK.
TMS 3 45 | Test mode select. TMS is used as an input port for device programming and test.
TCK 4 46 | Test clock. TCK is the clock input port for device programming and test.
RST/NMI 5 47 | General-purpose digital I/0 / reset input / nonmaskable interrupt input
DVce 6 48 Digital supply voltage, positive terminal
DVgg 7 1 Digital supply voltage, negative terminal
XIN 8 2 | Input terminal of crystal oscillator XT1
XOuT 9 3 O | Output terminal of crystal oscillator XT1
AVgg 10 4 Analog supply voltage, negative terminal
AVce 11 5 Analog supply voltage, positive terminal
VRep 12 6 I/0 | Analog reference voltage
P6.0/A0+/OA00 13 7 I/0 | General-purpose digital /0 / analog input A0+ / OAO output
P6.1/A0-/OAOFB 14 8 /0O | General-purpose digital I/O / analog input AO- / OAO feedback input
P6.2/A1+/OA10 15 9 I/0 | General-purpose digital /0 / analog input A1+ / OA1 output
P6.3/A1-/OA1FB 16 10 I/0 | General-purpose digital /0 / analog input A1—/ OA1 feedback input
P6.4/0A0I1 17 11 I/0 | General-purpose digital /0 / OAO input multiplexer on —terminal
P6.5/0A0I12 18 12 I/0 | General-purpose digital /0 / OAO input multiplexer on —terminal
P6.6/0A1I1 19 13 /0O | General-purpose digital I/O / OA1 input multiplexer on —terminal
P6.7/0A112 20 14 I/0 | General-purpose digital /0 / OA1 input multiplexer on —terminal
P1.7/A2+ 21 15 /O | General-purpose digital I/O / analog input A2+
P1.6/A2-/OA0I0 22 16 I/0 | General-purpose digital /0 / analog input A2— / OAO input multiplexer on +terminal
PramouuAcLss | 23 | 17 | o | e ot 19 e ook s PO
PLuASIOAIODACY | 24 | 18 | b0 | GETE RIS O T minal/ DACA2 ot
P1.3/TA2/Ad+ o5 19 e S:;g;ail;]%l:;p:if digital I/0 / Timer_A, Capture: CCI2A, compare: Out2 output /
P1.2/TA1/Ad— o6 20 e S:;géail%l::pzziz digital 1/0 / Timer_A, Capture: CCI1A, compare: Out1 output /
P1.1/TAO/MCLK 57 1 e Eiztegﬂ-ﬁ]lijsrp;ie; cggilt_agl(/a(ze/ijlemer_A. Capture: CCIOB / MCLK output. Note: TAO is only an
P1.0/TAO o8 20 /o t(:E(Ierr11ser:]zaitl-purpose digital /0 / Timer_A. Capture: CCIOA input, compare: OutO output / BSL
LCDREF/R13 29 23 External LCD reference voltage input / input port of third most positive analog LCD level (V4
or V3)
LCDCAP/R23 30 24 Capacitor connection for LCD charge pump /
input port of second most positive analog LCD level (V2)

P5.1/S0 31 25 I/0 | General-purpose digital /0O / LCD segment output O
P5.0/81 32 26 I/0 | General-purpose digital /0O / LCD segment output 1
P5.5/S2 33 27 I/0 | General-purpose digital /0O / LCD segment output 2
P5.6/S3 34 28 I/0 | General-purpose digital /0O / LCD segment output 3
P5.7/S4 35 29 I/0O | General-purpose digital /0O / LCD segment output 4
S5 36 30 O | LCD segment output 5
P2.7/S6 37 31 /0 | General-purpose digital I/O / LCD segment output 6
P2.6/S7 38 32 I/0 | General-purpose digital /0O / LCD segment output 7
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MSP430FG42x0
MIXED SIGNAL MICROCONTROLLER
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Terminal Functions (Continued)

TERMINAL
NAME DL | RGZ 1o DESCRIPTION
NO. | NO.

P2.5/S8 39 33 I/O | General-purpose digital /0O / LCD segment output 8
P2.4/S9 40 34 I/O | General-purpose digital /0O / LCD segment output 9
P2.3/S10 41 35 I/O | General-purpose digital /0 / LCD segment output 10
P2.2/S11 42 36 I/O | General-purpose digital /0 / LCD segment output 11
P2.1/S12/SW1C 43 37 I/O | General-purpose digital /0O / LCD segment output 12 / Low resistance switch to Vgg
P2.0/S13/SWO0C 44 38 I/O | General-purpose digital /0O / LCD segment output 13 / Low resistance switch to Vgg
COMO 45 39 O | Common output. COMO-COMS3 are used for LCD backplanes.
P5.2/COM1 46 40 I/O | General-purpose digital /0O / common output. COMO-COMS3 are used for LCD backplanes.
P5.3/COM2 47 41 I/O | General-purpose digital /0 / common output. COM0-COM3 are used for LCD backplanes.
P5.4/COM3 48 42 I/O | General-purpose digital /0 / common output. COM0—-COM3 are used for LCD backplanes.
QFN Pad NA | None | NA | QFN package pad connection to DVgg is recommended.
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MSP430FG42x0
MIXED SIGNAL MICROCONTROLLER
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short-form description

The MSP430 CPU has a 16-bit RISC architecture | Program Counter | PC/RO
that is highly transparent to the application. All
operations, other than program-flow instructions, | Stack Pointer | SP/R1
are performed as register operations in -
. . . . | Status Register | SR/CG1/R2
conjunction with seven addressing modes for
(sjource operand ar:jd four addressing modes for | Constant Generator | CG2/R3
estination operand.
L . . G I-P Regist R4
The CPU is integrated with 16 registers that | eneralTuTpose TeglsTer |
provide reduced instruction execution time. The | General-Purpose Register | R5
register-to-register operation execution time is
one CyC|e of the CPU clock. | General-Purpose Register | R6
Four of the registers, RO to R3, are dedicated as -
. R | General-Purpose Register | R7
program counter, stack pointer, status register,
and _constant generator respectively. The | General-Purpose Register | R8
remaining registers are general-purpose
registers. | General-Purpose Register | R9
Peripherals are connected to the CPU using data, | General-Purpose Register | R10
address, and control buses, and can be handled
with all instructions. | General-Purpose Register | R11
instruction set
| General-Purpose Register | R12
The instruction set consists of 51 instructions with
three formats and seven address modes. Each | General-Purpose Register | R13
instruction can operate on word and byte data. -
Table 1 shows examples of the three types of | General-Purpose Register | R1a
instruction formats. Table 2 lists the address | General-Purpose Register | R15
modes.
Table 1. Instruction Word Formats
Dual operands, source-destination e.g., ADD R4,R5 R4 + R5 -——> R5
Single operands, destination only e.g, CALL R8 PC ——>(TOS), R8——> PC
Relative jump, un/conditional e.g., JNE Jump-on-equal bit = 0
Table 2. Address Mode Descriptions
ADDRESS MODE (S D SYNTAX EXAMPLE OPERATION
Register o0 MOV Rs,Rd MOV R10,R11 R10 —> R
Indexed o0 MOV X(Rn),Y(Rm) MOV 2(R5),6(R6) M(2+R5)—> M(6+R6)
Symbolic (PC relative) | @ | @ MOV EDE,TONI M(EDE) —> M(TONI)
Absolute ®|®| MOV & MEM, & TCDAT M(MEM) —> M(TCDAT)
Indirect () MOV @Rn,Y(Rm) MOV @R10,Tab(R6) M(R10) —> M(Tab+R6)
Indirect M(R10) — R11
autoincrement g MOV @Rn+,Rm MOV @R10+,R11 R10 + 2—> R10
Immediate [ MOV #X,TONI MOV #45,TONI #45 —> M(TONI)

NOTE: S =source D = destination
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operating modes

The MSP430 has one active mode and five software selectable low-power modes of operation. An interrupt
event can wake up the device from any of the five low-power modes, service the request, and restore back to
the low-power mode on return from the interrupt program.

The following six operating modes can be configured by software:
® Active mode (AM)

— All clocks are active
® [ ow-power mode 0 (LPMO)

— CPU is disabled
ACLK and SMCLK remain active, MCLK is available to modules
FLL+ loop control remains active

® | ow-power mode 1 (LPM1)

- CPU is disabled
ACLK and SMCLK remain active, MCLK is available to modules
FLL+ loop control is disabled

® | ow-power mode 2 (LPM2)

- CPU is disabled
MCLK, FLL+ loop control, and DCOCLK are disabled
DCO'’s dc-generator remains enabled
ACLK remains active

® |ow-power mode 3 (LPM3)

— CPU is disabled
MCLK, FLL+ loop control, and DCOCLK are disabled
DCO’s dc-generator is disabled
ACLK remains active

® | ow-power mode 4 (LPM4)

— CPU is disabled
ACLK is disabled
MCLK, FLL+ loop control, and DCOCLK are disabled
DCO'’s dc-generator is disabled
Crystal oscillator is stopped

{’f TeEXAS
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MSP430FG42x0
MIXED SIGNAL MICROCONTROLLER
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interrupt vector addresses

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

Table 3. Interrupt Sources, Flags, and Vectors of MSP430FG42x0 Configuration

INTERRUPT SOURCE INTERRUPT FLAG SYSTEM INTERRUPT WORD PRIORITY
ADDRESS
Power-Up Reset OFFFEh 15, highest
External Reset
Watchdog WDTIFG
Flash Memory KEYV
PC Out-of-Range (see Note 4) (see Note 1)
NMI NMIIFG (see Notes 1 and 3) (Non)maskable
Oscillator Fault OFIFG (see Notes 1 and 3) (Non)maskable OFFFCh 14
Flash Memory Access Violation ACCVIFG (see Notes 1 and 3) (Non)maskable
OFFFAh 13

SD16CCTLx SD160OVIFG,
SD16_A SD16CCTLx SD16IFG Maskable OFFF8h 12
(see Notes 1 and 2)

OFFF6h 11
Watchdog Timer WDTIFG Maskable OFFF4h 10
OFFF2h 9
OFFFOh 8
OFFEEh 7
Timer_A3 TACCRO CCIFGO (see Note 2) Maskable OFFECh 6
Timer_A3 TACCR; A?%'?S;:Sgg@?iﬁg ,S)C'FGZ’ Maskable OFFEAh 5
1/0 Port P1 (Eight Flags) P1IFG.0 to P1IFG.7 (see Notes 1 and 2) Maskable OFFE8h
DAC12 DAC12_0IFG Maskable OFFE6h
(see Note 2)
OFFE4h 2
I/0 Port P2 (Eight Flags) P2IFG.0 to P2IFG.7 (see Notes 1 and 2) Maskable OFFE2h
Basic Timer1 BTIFG Maskable OFFEONh 0, lowest

NOTES: 1. Multiple source flags
2. Interrupt flags are located in the module.
3. (Non)maskable: the individual interrupt-enable bit can disable an interrupt event, but the general-interrupt enable cannot disable it.
4. Aresetis generated if the CPU tries to fetch instructions from within the module register memory address range (Oh—01FFh) or from
within unused address ranges (MSP430FG4270, MSP430FG4260: from 0300h to 0BFFh and from 01100h to 07FFFh,
MSP430FG4250: from 0300h to OBFFh and from 01100h to OBFFFh).
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special function registers (SFRs)

The MSP430 SFRs are located in the lowest address space and are organized as byte-mode registers. SFRs
should be accessed with byte instructions.

interrupt enable registers 1 and 2

Address 7 6 5 4 3 2 1 0
oh ACCVIE NMIIE OFIE WDTIE
rw-0 rw-0 rw-0 rw-0
WDTIE: Watchdog-timer interrupt enable. Inactive if watchdog mode is selected.
Active if watchdog timer is configured as a general-purpose timer.

OFIE: Oscillator-fault-interrupt enable

NMIIE: Nonmaskable-interrupt enable

ACCVIE: Flash access violation interrupt enable
Address 7 6 5 4 3 2 1 0
01h BTIE

rw-0
BTIE: Basic timer interrupt enable

interrupt flag registers 1 and 2

Address 7 6 5 4 3 2 1 0
02h NMIIFG OFIFG WDTIFG
rw-0 rw—1 rw—(0)

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

OFIFG: Flag set on oscillator fault
NMIIFG: Set via RST/NMI pin

Address 7 6 5 4 3 2 1 0
03h BTIFG

rw-0

BTIFG: Basic timer flag

{’f TeEXAS
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MSP430FG42x0
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module enable registers 1 and 2

Address 7 6 5 4 3 2 0
04h
Address 7 6 5 4 3 2 0
05h
Legend: rw: Bit Can Be Read and Written
rw-0,1: Bit Can Be Read and Written. It Is Reset or Set by PUC.
rw—(0,1): Bit Can Be Read and Written. It Is Reset or Set by POR.
|:| SFR Bit Not Present in Device
memory organization
MSP430FG4250 MSP430FG4260 MSP430FG4270
Memory Size 16KB 24KB 32KB
Main: interrupt vector Flash OFFFFh — OFFEOh OFFFFh — OFFEOh OFFFFh — OFFEOh
Main: code memory Flash OFFFFh — 0C000h OFFFFh — 0A000h OFFFFh — 08000h
Information memory Size 256 Byte 256 Byte 256 Byte
Flash 010FFh — 01000h 010FFh — 01000h 010FFh — 01000h
Boot memory Size 1KB 1KB 1KB
ROM OFFFh — 0C00h OFFFh — 0C00h OFFFh — 0C00h
RAM Size 256 Byte 256 Byte 256 Byte
02FFh - 0200h 02FFh - 0200h 02FFh - 0200h
Peripherals 16-bit 01FFh — 0100h 01FFh — 0100h 01FFh — 0100h
8-bit OFFh — 010h OFFh — 010h OFFh — 010h
8-bit SFR OFh - 00h OFh - 00h OFh - 00h

bootstrap loader (BSL)

The MSP430 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, literature number SLAA089.

BSL Function

DL Package Pins

RGZ Package Pins

Data Transmit

28-P1.0

22-P1.0

Data Receive

27 - P1.1

21-P1.1
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flash memory

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

Flash memory has n segments of main memory and two segments of information memory (A and B) of

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

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

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

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

16KB

OFFFFh

OFEO00h
OFDFFh

OFCO00h
OFBFFh

OFA00h
OF9FFh

0C400h
O0C3FFh

0C200h
O0C1FFh

0C000h
010FFh

01080h
0107Fh

01000h

24KB

OFFFFh

OFE00h
OFDFFh

OFCO0Oh
OFBFFh

OFA00h
OF9FFh

0A400h
0A3FFh

0A200h
0A1FFh

0A000h
010FFh

01080h
0107Fh

01000h

32KB

OFFFFh

OFE00h
OFDFFh

0FCO0h
OFBFFh

OFA00h
OF9FFh

08400h
083FFh

08200h
081FFh

08000h
010FFh

01080h
0107Fh

01000h

Segment 0
w/ Interrupt Vectors

Segment 1

Segment 2

(XX XX

Segment n-1

Segment n

Segment A

Segment B

Main
Memory

Information
Memory

12
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peripherals

Peripherals are connected to the CPU through data, address, and control buses and can be handled using all
instructions. For complete module descriptions, refer to the MSP430x4xx Family User’s Guide, literature
number SLAUO56.

oscillator and system clock

The clock system in the MSP430FG42x0 family of devices is supported by the FLL+ module, which includes
support for a 32768-Hz watch crystal oscillator, an internal digitally-controlled oscillator (DCO) and a
high-frequency crystal oscillator. The FLL+ clock module is designed to meet the requirements of both low
system cost and low-power consumption. The FLL+ features digital frequency locked loop (FLL) hardware that,
in conjunction with a digital modulator, stabilizes the DCO frequency to a programmable multiple of the watch
crystal frequency. The internal DCO provides a fast turn-on clock source and stabilizes in less than 6 us. The
FLL+ module provides the following clock signals:

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

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

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

brownout

The brownout circuit is implemented to provide the proper internal reset signal to the device during power-on
and power-off. The CPU begins code execution after the brownout circuit releases the device reset. However,
Ve may not have ramped to Vce(miny at that time. The user must ensure the default FLL+ settings are not
changed until Vcc reaches Vee(min)-

digital I/O
There are four 8-bit I/O ports implemented—ports P1, P2, P5, and P6:

® All individual I/O bits are independently programmable.

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

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

Basic Timer1

Basic Timer1 has two independent 8-bit timers that can be cascaded to form a 16-bit timer/counter. Both timers
can be read and written by software. Basic Timer1 can be used to generate periodic interrupts.

LCD driver with regulated charge pump

The LCD_A driver generates the segment and common signals required to drive an LCD display. The LCD_A
controller has dedicated data memory to hold segment drive information. Common and segment signals are
generated as defined by the mode. Static, 2-MUX, 3—-MUX, and 4-MUX LCDs are supported by this peripheral.
The module can provide a LCD voltage independent of the supply voltage via an integrated charge pump.
Furthermore, it is possible to control the level of the LCD voltage and thus contrast in software.

watchdog timer

The primary function of the watchdog timer (WDT+) module is to perform a controlled system restart after a
software problem occurs. If the selected time interval expires, a system reset is generated. If the watchdog
function is not needed in an application, the module can be configured as an interval timer and can generate
interrupts at selected time intervals.
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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.
Timer_A3 Signal Connections
Input Pin Number | peyice Input Module Module | Module Output | Output Pin Number
DL RGZ Signal Input Name Block Signal DL RGZ
23-P15 |17-P1.5 TACLK TACLK
ACLK ACLK
SMCLK SMCLK Timer NA
23-P15 |17-P1.5 TACLK INCLK
28-P1.0 | 22-P1.0 TAO CCIOA 28-P1.0 |22-P1.0
27-P11 | 21-P11 TAO CcCloB
Ve oD CCRO TAO
DVce Vee
26-P1.2 |20-P1.2 TA1 CCHA 26-P1.2 |20-P1.2
26-P1.2 |20-P1.2 TA1 CCiiB
DVes oD CCR1 TA1
DVcc Vee
25-P1.3 | 19-P1.3 TA2 CCI2A 25-P1.3 |19-P1.3
ACLK (internal) CCl2B
DVes oD CCR2 TA2
DVce Vee
SD16_A

The SD16_A module supports 16-bit analog-to-digital conversions. The module implements a 16-bit
sigma-delta core and reference generator. In addition to external analog inputs, an internal Vg sense and
temperature sensor are also available.

DAC12
The DAC12 module is a 12-bit, R-ladder, voltage output DAC. The DAC12 may be used in 8- or 12-bit mode.
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operational amplifier (OA)

The MSP430FG42x0 has two configurable low-current general-purpose operational amplifiers. Each OA input
and output terminal is software-selectable and offers a flexible choice of connections for various applications.
The OAs primarily support front-end analog signal conditioning prior to analog-to-digital conversion.

OA Signal Connections
Input Pin Number | pevyice Input Module Module | Module Output | Qutput Pin Number
DL RGZ Signal Input Name Block Signal DL RGZ

22-P1.6 | 16-P1.6 OAo0I0 OAo0I0 13-P6.0 | 7-P6.0
17-P6.4 | 11-P6.4 OAO0I1 OAo0I1
18-P6.5 [ 12-P6.5 OAo0I2 OAo0I2 OA0 OA0O
14-P6.1 | 8-P6.1 OAOFB OAOFB
24-P1.4 |18-P14 OA1I0 OA1I0 15-P6.0 [ 9-P6.0
19-P6.6 [ 13- P6.6 OA1I1 OA1N1
20-P6.7 | 14-P6.7 OA1I2 OA1I2 OAt OA10
16-P6.1 | 10- P6.1 OA1FB OA1FB
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peripheral file map

PERIPHERALS WITH WORD ACCESS

Watchdog Watchdog timer control WDTCTL 0120h
Timer_A3 Capture/compare register 2 TACCR2 0176h
Capture/compare register 1 TACCRA1 0174h
Capture/compare register 0 TACCRO 0172h
Timer_A register TAR 0170h
Capture/compare control 2 TACCTL2 0166h
Capture/compare control 1 TACCTL1 0164h
Capture/compare control 0 TACCTLO 0162h
Timer_A control TACTL 0160h
Timer_A interrupt vector TAIV 012Eh
Flash Flash control 3 FCTL3 012Ch
Flash control 2 FCTL2 012Ah
Flash control 1 FCTL1 0128h
DAC12 DAC12_0 data DAC12_ODAT |01C8h
DAC12_0 control DAC12_0CTL 01COh
SD16_A General control SD16CTL 0100h
(see also Channel 0 control SD16CCTLO 0102h
Peripherals With Interrupt vector word register SD16lvV 0110h
Byte Access) .
Channel 0 conversion memory SD16MEMO 0112h
PERIPHERALS WITH BYTE ACCESS
OA/GND Switches | Switch control register SWCTL 0CFh
OA1 Operational amplifier 1 control register 1 OA1CTLA 0C3h
Operational amplifier 1 control register 0 OA1CTLO 0C2h
OAO0 Operational amplifier O control register 1 OAOCTLA 0Cth
Operational amplifier O control register 0 OAOCTLO 0COh
SD16_A Channel 0 input control SD16INCTLO 0BOh
(see also: Analog enable SD16AE 0B7h
Peripherals with
Word Access)
LCD_A LCD voltage control 1 LCDAVCTLA 0AFh
LCD voltage control 0 LCDAVCTLO 0AEh
LCD voltage port control 1 LCDAPCTLA 0ADh
LCD voltage port control O LCDAPCTLO 0ACh
LCD memory 20 LCDM20 0A4h
LCD memory 16 LCDM16 0AOh
LCD memory 15 LCDM15 09Fh
LCD memory 1 LCDM!1 091h
LCD control and mode LCDACTL 090h
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peripheral file map (continued)

PERIPHERALS WITH BYTE ACCESS (CONTINUED)
FLL+ Clock FLL+ Control 1 FLL_CTLA 054h
FLL+ Control 0 FLL_CTLO 053h
System clock frequency control SCFQCTL 052h
System clock frequency integrator SCFI1 051h
System clock frequency integrator SCFI0 050h
Basic Timer1 BT counter 2 BTCNT2 047h
BT counter 1 BTCNTH1 046h
BT control BTCTL 040h
Port P6 Port P6 selection P6SEL 037h
Port P6 direction P6DIR 036h
Port P6 output P6OUT 035h
Port P6 input P6IN 034h
Port P5 Port P5 selection P5SEL 033h
Port P5 direction P5DIR 032h
Port P5 output P50UT 031h
Port P5 input P5IN 030h
Port P2 Port P2 selection P2SEL 02Eh
Port P2 interrupt enable P2IE 02Dh
Port P2 interrupt-edge select P2IES 02Ch
Port P2 interrupt flag P2IFG 02Bh
Port P2 direction P2DIR 02Ah
Port P2 output P20OUT 029h
Port P2 input P2IN 028h
Port P1 Port P1 selection P1SEL 026h
Port P1 interrupt enable P1IE 025h
Port P1 interrupt-edge select P1IES 024h
Port P1 interrupt flag P1IFG 023h
Port P1 direction P1DIR 022h
Port P1 output P1OUT 021h
Port P1 input P1IN 020h
Special functions SFR module enable 2 ME2 005h
SFR module enable 1 MEH1 004h
SFR interrupt flag 2 IFG2 003h
SFR interrupt flag 1 IFG1 002h
SFR interrupt enable 2 IE2 001h
SFR interrupt enable 1 IE1 000h
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absolute maximum ratings over operating free-air temperature (unless otherwise noted)t

Voltage applied at Voo 10 Vg .« oo i i -03Vto41V
Voltage appliedtoany pin (see Note 1) . ... . i -0.3VtoVgc+0.3V
Diode current at any device terminal . . ... .. . e 2 mA
Storage temperature, Tgtg: Unprogrammed device ..., -55°C to 150°C

Programmed device ......... ... —-40°C to 85°C

T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and

functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not

implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE 1: All voltages referenced to Vgg. The JTAG fuse-blow voltage, Vg, is allowed to exceed the absolute maximum rating. The voltage is

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

recommended operating conditions

MIN NOM MAX | UNIT
Supply voltage during program execution (see Note 1), 18 36 Vv
Vee (AVee = DVee = V) ' '
Supply voltage during flash memory programming (see Note 1), 25 36 Vv
Vee (AVee = DVee = Vee) ' '
Supply voltage, Vgs (AVgs = DVgg = Vgg) 0 0 \
Operating free-air temperature, Ta -40 85 °C
LF selected,
XTS_FLL=0 Watch crystal 32.768
LFXT1 crystal frequency, fLrxT1) XT1 selected, .
(see Note 2) XTS_FLL=1 Ceramic resonator 450 8000 kHz
XT1 selected,
XTS_ FLL=1 Crystal 1000 8000
Vec=1.8V DC 415
P f ignal MCLK), MH
rocessor frequency (signal MCLK), fsystem) Voo =36V Y 8 z

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

be tolerated during power up and operation.
2. In LF mode, the LFXT1 oscillator requires a watch crystal. In XT1 mode, LFXT1 accepts a ceramic resonator or a crystal.

>

fsystem (MH2) 1

8MHz .~ — — T —
Supply voltage range, s
N upply voltage range, MSP430FG42x0,
MSP430FG42X0’. during during flash memory programming
program execution
415 MHz T —

N

1 1
1.8 25 3 3.6
Supply Voltage - V

Figure 1. Frequency vs Supply Voltage, Typical Characteristic

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

noted)
supply current into AV + DV¢c excluding external current
PARAMETER TEST CONDITIONS MIN NOM MAX | UNIT
?ctive mofde (see No1te |v|1|-)i Vog =22V 250 370
(MCLK) = (SMCLK) = Z, — _40° o
I(AM) f(ACLK) = 32768 Hz Ta =-40 C to 85°C Ve =3V 400 520 A
XTS=0, SELM=(0,1) cc=
Low-power mode (LPMO) e . Vgg=22V 55 70
lLPmo) (see Note 1 and Note 4) Ta=-40°C 10 85°C Vec=3V 95 110 WA
l_ow-powefr mode (LIZMISI)I_,| Vog =22V 11 14
(MCLK) = (SMCLK) = Z, — _40° o
LPM2) 01 = 32,768 Hz, SCGO = 0 Ta=-40°C 10 85°C e —av . HA
(see Note 2 and Note 4) cc=
Ta =-40°C 1.0 2.0
Low-power mode (LPM3), Ta=25°C Vog =22V 1.1 2.0
fovoLk) = fismerk) = 0 MHz, Ta =60°C ' 2.0 3.0
fiacLk) = 32,768 Hz, SCGO = 1 Ta = 85°C 3.5 6.0
lopms)  Basic Timer1 enabled, ACLK selected - HA
LCD_A enabled, LCDCPEN =0 Ta=-40°C 18 28
(static mode, ficp = f(acLk)/32), Ta=25°C 1.6 2.7
Vee=3V
(see Note 2, Note 3, and Note 4) Ta = 60°C cc=3 25 35
Tp =85°C 42 75
Low-power mode (LPM3), Ta=-40°C 2.5 3.5
fimoLk) = fismoLk) = 0 MHz, Ta=25°C Vec=22V 25 35
f(ACI._K) = 32,768 Hz, SCGO = 1 Tp = 85°C 3.8 6.0
lpma)  Basic Timer1 enabled, ACLK selected - HA
LCD_A enabled, LCDCPEN =0 Ta=-40°C 29 40
(4-mux mode, f cp = f(ACLK)/32)s Ta =25°C V=3V 2.9 4.0
(see Note 2, Note 3, and Note 4) Ta = 85°C 4.4 75
Tp =-40°C 0.1 0.5
Tp =25°C Ve 22 01 05
cc =z
Ta = 60° 7 14
Low-power mode (LPM4), A =60°C 0
| fameLk) = 0 MHZ, fismeLk) = 0 MHz, Ta =85°C 1.7 3.0 A
(LPM4) " fiacLk) = 0 Hz, SCGO = 1 Ta=-40°C o1 o8] "
(see Note 2 and Note 4) Tp=25°C . oy 01 08
Tp = 60°C cc= 08 12
Tp=85°C 1.9 385
NOTES: Timer_A is clocked by fipcocLk) = fipco) = 1 MHz. All inputs are tied to 0 V or to V. Outputs do not source or sink any current.

Bl

Current for brownout included.

All inputs are tied to 0 V or to V. Outputs do not source or sink any current.
The LPMS3 currents are characterized with a Micro Crystal CC4V-T1A (9 pF) crystal and OSCCAPx = 01h.

current consumption of active mode versus system frequency

lamy = liam) [1 MHZ] X f(system) [MHZ]

current consumption of active mode versus supply voltage

I(AM) = I(AM) Bvit 175 HA/V X (VCC -3 V)
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electrical characteristics over recommended operating free-air temperature (unless otherwise
noted) (continued)

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

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Vec=22V 1.1 1.55
ViTs Positive-going input threshold voltage Veo=3V 15 198 \
Vec=22V 0.4 0.9
Vi Negative-going input threshold voltage Veo=3V 09 13 \
Vhys Input voltage hysteresis (Vi1 - Vi1_) Vec=22V 03 11 %
Vec=3V 0.5 1
inputs Px.x, TAx
PARAMETER TEST CONDITIONS Vee MIN TYP MAX | UNIT
oy External interrupt timing Port P1, P2: P1.x to P2.x, external trigger signal 22V 62 ns
for the interrupt flag, (see Note 1) 3V 50
22V 62
t(cap) Timer_A capture timing TAO, TA1, TA2 3V 50 ns
22V 8
feraint Timer_A clock frequency SMCLK or ACLK signal selected Y 0 MHz

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

leakage current — ports P1, P2, P5, and P6 (see Note 1)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Leakage
likg(Px.y) e ad Port Px | V(pyy) (see Note 2) Vog=22V/3V 50| nA

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

noted) (continued)

outputs - ports P1, P2, P5, and P6

NOTES: 1. The maximum total current,
specified voltage drop.

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT

loHmaxy=-1.5mA, Vgc=22V, SeeNote1 | Vgc—0.25 Vee
. loH(max) = 6 MA, Vec=22V,  See Note 2 Vee-0.6 Vee

Vor  High-level output voltage loHmay = ~1.5MA,  Voc=3V,  SeeNote1 | Voo-0.25 Vo | VY
loH(max) = =6 MA, Vec=3Y, See Note 2 Vce-0.6 Vce
loL(max) = 1.5 A, Vec=22V,  See Note 1 Vss Vgg+0.25

Vo, Lowlevel output voltage oL (max) = 6 MA, Vec=22V,  See Note 2 Vss Vgg+0.6 v
loL(max) = 1.5 MA, Vec=3Y, See Note 1 Vsg Vgg+0.25
loL(max) = 6 MA, Vec=3Y, See Note 2 Vss Vgs+0.6

(

2. The maximum total current, IoHmax) @nd loL(max), for all outputs combined, should not exceed +48 mA to satisfy the maximum

specified voltage drop.

output frequency

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
CL = 20 pF,
f(px_y) (x=1,2,5,6,0<y<7) ||_L= +1 .5pmA Vgc=22V/3V DC fSystem MHz
fMoLK) P1.1/TAO/MCLK CL =20 pF foystem | MHz
P1.1/TAO/MCLK, fimoLk) = fixT1) 40% 60%
t(xdc) Duty cycle of output frequency CL =20 pF, ; _s 50%— 50% 50%+
Vec=22V/3V (MCLK) = (DCOCLK) 15 ns ° 15ns
X 1,
EXAS
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electrical characteristics over recommended operating free-air temperature (unless otherwise
noted) (continued)

outputs - ports P1, P2, P5, and P6 (continued)

TYPICAL LOW-LEVEL OUTPUT CURRENT TYPICAL LOW-LEVEL OUTPUT CURRENT
VS VS
LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE
30 50
\ \
Vec =22V —— Vec=3V ’———l
P1.0 / Tp = -40°C 45 |- p1.o > Tp = -40°C |
25 g 40 /’___-*
Tp = 25°C ' ' Ta=25°C
/ /" 35 / / /’t’
20 Ta = 85°C / / /’ Ta=85C
30 /

/4
4

N/
iy /4

1 OL - Typical Low-level Output Current - mA

1oL - Typical Low-level Output Current - mA

10
5
5
0 0
0.0 0.5 1.0 1.5 2.0 2.5 00 05 10 15 20 25 3.0 35
VoL - Low-Level Output Voltage - V VoL — Low-Level Output Voltage - V
Figure 2 Figure 3
TYPICAL HIGH-LEVEL OUTPUT CURRENT TYPICAL HIGH-LEVEL OUTPUT CURRENT
VS Vs
HIGH-LEVEL OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE
0 T o I
Vec=22V Vec=3V
g P1.0 g -5 Plo
! 1
E -5 E -10
3 5 -1 /
3 -0 2 20 /
3 5
° 0 //
: ///
T -15 / 2 30
o / ) /
T I 35| o °
g 2 TA=85C [ Tp=25C 3 40 Ta=85Cc _~ | Ta=25°C
- 5 -
s = __——
gl —  _— T 4 " Ty=-40C
= Ta = -40°C o A=T
PYY 2 ‘ = _gp——"_ | |
0.0 0.5 1.0 1.5 2.0 25 00 05 10 15 20 25 3.0 35
Vou - High-Level Output Voltage - V VoH - High-Level Output Voltage - V
Figure 4 Figure 5
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electrical characteristics over recommended operating free-air temperature (unless otherwise

noted) (continued)

wake-up LPM3

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
f=1MHz 6
ta(Lpma) Delay time f=2MHz Veg=22V/3V 6 us
f=3MHz 6
RAM
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
VRAMh CPU halted (see Note 1) 1.6 Vv

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

LCD_A
PARAMETER TEST CONDITIONS vcc MIN TYP MAX | UNIT
CraLs R snebled . oooo) s | v
CLcp Capacitor on LCDCAP (see Note 1) &rgé%ap%ug‘g $”\€}E|80D| x> 0000) 4.7 uF
Vi cp(typ)=3V, LCDCPEN = 1,
VLCDx= 1000, all segments on
lcc(Lep) Average supply current (see Note 2) fLep= facLk/32 22V 3.8 HA
no LCD connected (see Note 3)
Ta=25°C
fLcp LCD frequency 1.1 kHz
VLCDx = 0000 VCC
VLCDx = 0001 2.60
VLCDx = 0010 2.66
VLCDx = 0011 2.72
VLCDx = 0100 2.78
VLCDx = 0101 2.84
VLCDx = 0110 2.90
VLCDx = 0111 2.96
Vieo LCD voltage VLCDx = 1000 3.02 v
VLCDx = 1001 3.08
VLCDx = 1010 3.14
VLCDx = 1011 3.20
VLCDx = 1100 3.26
VLCDx = 1101 3.32
VLCDx = 1110 3.38
VLCDx = 1111 344 3.60
Rico LCD driver output impedance ¥|E%DD?< i\/1 (I)‘(%’Dﬁzfy: ;1’0 uA 22V 10| kQ
NOTES: 1. Enabling the internal charge pump with an external capacitor smaller than the minimum specified might damage the device.

N

Refer to the supply current specifications | pug) for additional current specifications with the LCD_A module active.
Connecting an actual display will increase the current consumption depending on the size of the LCD.
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electrical characteristics over recommended operating free-air temperature (unless otherwise
noted) (continued)

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

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
ld(BOR) 2000 | ps
Vee(star) dV¢c/dt < 3 V/s (see Figure 6) 0.7 x V(g 1y v
V) Brownout dVgc/dt < 3 V/s (see Figure 6 through Figure 8) 1.71 \Y;
Vhys(B_IT) (see Note 2) | dVc/dt < 3 V/s (see Figure 6) 70 130 180 mv

Pulse length needed at RST/NMI pin to accepted reset internally,
lreset) Ve =22V3V 2 us

NOTES: 1. The current consumption of the brownout module is already included in the Igc current consumption data. The voltage level
Ve_iTo) + VhysB_IT-) is < 1.8V.
2. During power up, the CPU begins code execution following a period of tygor) after Vcc = V(g_1-) + Vhys(s_IT-)- The default
FLL+ settings must not be changed until Ve = Vecmin), Where Veg(min) is the minimum supply voltage for the desired
operating frequency. See the MSP430x4xx Family User’s Guide (SLAU056) for more information on the brownout.

typical characteristics

A
Vee
VB_IT-)
Vee(start)
>
A
1
0 >
> <« td(BOR)

Figure 6. POR/Brownout Reset (BOR) vs Supply Voltage
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electrical characteristics over recommended operating free-air temperature (unless otherwise
noted) (continued)

typical characteristics (continued)

V | |
CcCA t
2 T 3V - il pw __>‘ _
Vee=3V o rreen ek YT YT T Tt T
Typical Conditions l :
> 1.5 [ ! !
I | !
l\ ,ﬂ’- | |
) / ! !
2 1 | |
T | |
6 / | | I |
o \/ -b---- - ‘
> 0.5 / CC(drop) : : : :
/ Lo L
| | | |
0 — — >
0.001 1 1000 > i ¢ > P <
1ns 1ns

tow — Pulse Width - us
Figure 7. V(cc)min Level With a Square Voltage Drop to Generate a POR/Brownout Signal

VCC A <€ tpW >
2 T T T7Tm 3V -~
Vee=3V
>| 1.5 {— Typical Conditions
iy T TN y
S ,/ \\ //
o 1
a
o / Vee(dro
> / Py
0.5
0 >
0.001 1 1000

tpw — Pulse Width - us tpw — Pulse Width - us

Figure 8. Vcc(drop) Level With a Triangle Voltage Drop to Generate a POR/Brownout Signal
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electrical characteristics over recommended operating free-air temperature (unless otherwise
noted)

DCO
PARAMETER TEST CONDITIONS Vee MIN TYP MAX| UNIT
N(pco)=01Eh, FN_8=FN_4=FN_3=FN_2=0, D = 2, DCOPLUS= 0,
fococtk) forystal = 32.768 kHz 22ViBV 1 MHz

22V 03 065 125
fioco=2) FN_8=FN_4=FN_3=FN_2 =0, DCOPLUS =1 3V 03 07 13 MHz

22V 2.5 56 105
fioco=27) FN_8=FN_4=FN_3=FN_2 =0, DCOPLUS =1 3V o7 6.1 13 MHz

22V 0.7 1.3 2.3
fipco=2) FN_8=FN_4=FN_3=0,FN_2=1, DCOPLUS = 1 3V 08 15 25 MHz

22V 5.7 10.8 18

f(bco=27) FN_8=FN_4=FN_3=0, FN_2 =1, DCOPLUS = 1 vl 65 121 o0 | MHz
22V 1.2 2 3

f(oco=2) FN_8=FN_4=0, FN_3=1, FN_2 =x, DCOPLUS = 1 3V 13 52 35| MHz
22V 9 155 25

f(0co=27) FN_8=FN_4=0, FN_3=1, FN_2 = x, DCOPLUS =1 MHz

3V 10.3 17.9 285

22V| 18 28 42
fpco=2) FN_8=0,FN_4=1,FN_3= FN_2 = x, DCOPLUS = 1 v 21 s 5a] MHZ

22V | 135 215 33
foco=27) FN_8=0,FN_4=1,FN_3= FN_2 = x, DCOPLUS = 1 3V o a6 ar] MHz

22V 2.8 4.2 6.2

foco=2) FN_8=1, FN_4=FN_3=FN_2 =x, DCOPLUS = 1 Y 12 63 92| MHz

22V 21 32 46

fioco=27) FN_8=1,FN_4=FN_3=FN_2 =x, DCOPLUS =1 3V 30 46 70 MHz
s Step size between adjacent DCO taps: 1<TAP<20| 1.06 1.1
n Sn = fbco(rap n+1) / foco(tap n) (see Figure 10 for taps 21 to 27) TAP=27| 1.07 1.17
b Temperature drift, Nipcoy = 01Eh, FN_8 = FN_4 = FN_3=FN_2 =0, 22V) 02 -03 -04 %/°C
t D =2, DCOPLUS = 0 (see Note 2) 3v| —02 -03 -04l| ©
Drift with V¢ variation, Nipco) = 01Eh, o
Dv FN_.8=FN_4=FN_3=FN_2=0, D=2, DCOPLUS=0 0 5 15 7olV
f f
(DCO) \ (DCO) N
fiocoav) fibcoz0°c) |

— | \

1'0_“74 O ——

0 18 2.4 3.0 3.6 -40 -20 0 20 40 60 85
Ve -V Ta-°C

Figure 9. DCO Frequency vs Supply Voltage Vcc and vs Ambient Temperature
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electrical characteristics over recommended operating free-air temperature (unless otherwise
noted) (continued)

A
[72]
o
S 117
o
(8]
[a]
c
[
Q
2
Q
Ko}
2
g 111
Q
N
[7]
o
2
(/2]
L 1.07 -
@ 1.06—

DCO Tap
Figure 10. DCO Tap Step Size

Legend
Tolerance at Tap 27

fioco)

DCO Frequency
Adjusted by Bits
29 to 25 in SCF {Nipcoy}

Tolerance at Tap 2

Overlapping DCO Ranges:
Uninterrupted Frequency Range

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

Figure 11. Five Overlapping DCO Ranges Controlled by FN_x Bits
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electrical characteristics over recommended operating free-air temperature (unless otherwise

noted)
crystal oscillator, LFXT1 oscillator (see Notes 1 and 2)
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
OSCCAPx=0h,Vgc=22V/3V 0
o Integrated input capacitance OSCCAPx = 1h, Vgc=2.2V/3V 10 oF
(see Note 4) OSCCAPx =2h,Vgg =22V /3V 14
OSCCAPx=3h,Vcc=22V/3V 18
OSCCAPx=0h,Vcc=22V/3V 0
Crour Integrated output capacitance | OSCCAPx =1h,Vgc=22V/3V 10 oF
(see Note 4) OSCCAPx =2h,Vgg =22V /3V 14
OSCCAPx=3h,Vgc=22V/3V 18
Y Input levels at XIN Voo = 2.2 V/3 V (see Note 3) Vss 020 |,
ViH 0.8xVce Vee
NOTES: 1. The parasitic capacitance from the package and board may be estimated to be 2 pF. The effective load capacitor for the crystal is
(CXIN 1% CXOUT) / (CXIN + CXOUT)- This is independent of XTS_FLL.
. To improve EMI on the low-power LFXT1 oscillator, particularly in the LF mode (32 kHz), the following guidelines should be observed.
— Keep as short of a trace as possible between the 'FG42x0 and the crystal.
— Design a good ground plane around the oscillator pins.
— Prevent crosstalk from other clock or data lines into oscillator pins XIN and XOUT.
— Avoid running PCB traces underneath or adjacent to the XIN and XOUT pins.
— Use assembly materials and praxis to avoid any parasitic load on the oscillator XIN and XOUT pins.
— If conformal coating is used, ensure that it does not induce capacitive/resistive leakage between the oscillator pins.
— Do not route the XOUT line to the JTAG header to support the serial programming adapter as shown in other
documentation. This signal is no longer required for the serial programming adapter.
. Applies only when using an external logic-level clock source. XTS_FLL must be set. Not applicable when using a crystal or
resonator.
External capacitance is recommended for precision real-time clock applications, OSCCAPx = Oh.
I
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electrical characteristics over recommended operating free-air temperature (unless otherwise
noted) (continued)

SD16_A, power supply and recommended operating conditions

PARAMETER TEST CONDITIONS Vee MIN TYP MAX UNIT
Analog supply AVge =DVie
AVce voltage AVss = DVsg = OV 25 361 Vv
SD16LP =0, SD16BUFx = 00, GAIN: 1,2 650 950
fsp1g = 1 MHz, SD16BUFx = 00, GAIN: 4,8,16 730 1100
SD160SR =256 | 5p16BUFx = 00, GAIN: 32 1050 1550
Analog supply SD16LP =1, SD16BUFx = 00, GAIN: 1 620 930
Isb1e current including fsp1e = 0.5 MHz, 3V uA
internal reference SD160SR =256 | SD16BUFx =00, GAIN: 32 700 1060
SD16LP =0, SD16BUFx = 01, GAIN: 1 850
fsp1g = 1 MHz, SD16BUFx = 10, GAIN: 1 1130
SD160SR =256 | 5p16BUFx = 11, GAIN: 1 1130
Analog front-end SD16LP = 0 (Low power mode disabled) 0.03 1 1.1
fsp1e input clock 3V MHz
frequency SD16LP = 1 (Low power mode enabled) 0.03 0.5
SD16_A, input range
PARAMETER TEST CONDITIONS Vee MIN TYP MAX UNIT
v Differential full scale | Bipolar mode, SD16UNI =0 -VRer/2GAIN +VRrer/2GAIN v
. m
ID.FSR input voltage range | Unipolar mode, SD16UNI = 1 0 +VReg/2GAIN
SD16GAINx = 1 1500
Differential input SD16GAINX = 2 1250
voltage range for SD16GAINX = 4 +125
Vip specified SD16REFON=1 mV
performance SD16GAINx = 8 162
(see Note 1) SD16GAINx = 16 +31
SD16GAINx = 32 +15
fspie = IMHz, | SD16GAINX = 1 200
Input impedance SD16BUFx =00 | SD16GAINX = 32 75 ke
Z (one input pin : TMH 3V
to AVgg) SD16 = z, _
SD16BUFX = 01 SD16GAINx = 1 >10 MQ
fspis = IMHz, | SD16GAINX = 1 300 400
Differential SD16BUFx =00 | SD16GAINx = 32 100 150 ke
Zp Input impedance ¢ TMH 3V
(IN+ to IN-) 8D16 = Z -
SD16BUFx > 00 SD16GAINx = 1 >10 MQ
v Absolute input SD16BUFx = 00 AVSS -0.1V AVCC v
: voltage range SD16BUFx > 00 AVgg AVgg -1.2V
v Common_mode SD16BUFx = 00 AVSS -0.1V AVCC v
Ic input voltage range | SD16BUFx > 00 AVgs AVgg 1.2V
NOTES: 1. The analog input range depends on the reference voltage applied to Vger. If VRer is sourced externally, the full-scale range

is defined by Vegr, = +(VRer/2)/GAIN and Vesp_ = —(VRgp/2)/GAIN. The analog input range should not exceed 80% of

VFsR+ O VFSR-.
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electrical characteristics over recommended operating free-air temperature (unless otherwise
noted) (continued)

SD16_A, performance (fgp1g = 30kHz, SD16REFON = 1, SD16BUFx = 01)

PARAMETER TEST CONDITIONS Vee MIN TYP MAX UNIT
SD16GAINx = 1,Signal Amplitude = 500mV 84
SD160SRx = 256
Signal-to-noise + SD16GAINx = 1,Signal Amplitude = 500mV _
SINAD Sistortion ratio SD160SRx < 512 fin=2.8Hz | 3V 84 dB
SD16GAINx = 1,Signal Amplitude = 500mV 84
SD160SRx = 1024
Nominal gain SD16GAINx = 1, SD160SRx = 1024 3V 0.97 1.00 1.02
dG/dT dGr"i"f't” temperature | o 16GAINX = 1, SD160SRx = 1024 (see Note 1) 3V 15 ppm/°C
Gain supply voltage | SD16GAINx = 1, SD160SRx = 1024, Voc =2.5V 10 3.6 V o
dG/dVee drift (see Note 2) 035 oV

NOTES: 1. Calculated using the box method: (MAX(-40...85°C) — MIN(-40...85°C))/MIN(-40...85°C)/(85C - (-40°C))
2. Calculated using the box method: (MAX(2.5...3.6V) — MIN(2.5...3.6V))/MIN(2.5...3.6V)/(3.6V — 2.5V)

SD16_A, performance (fspjg = TMHz, SD160SRx = 256, SD16REFON = 1, SD16BUFx = 00)

PARAMETER TEST CONDITIONS Vecec | MIN TYP MAX UNIT
SD16GAINx = 1,Signal Amplitude = 500mV 83.5 85
SD16GAINx = 2,Signal Amplitude = 250mV 81.5 84
SINAD S_ignal_—to-noi_se + SD16GAINX = 4,Signal Amplitude = 125mV | f,\, = 50 Hz, 3V 76 795 B
distortion ratio SD16GAINx = 8,Signal Amplitude = 62mV | 100 Hz 73 765
SD16GAINx = 16,Signal Amplitude = 31mV 69 73
SD16GAINx = 32,Signal Amplitude = 15mV 62 69
SD16GAINX = 1 0.97 1.00 1.02
SD16GAINx = 2 1.90 1.96 2.02
SD16GAINx = 4 3.76 3.86 3.96
G Nominal gain SD16GAINx = 8 sV 7.36 7.62 7.84
SD16GAINx = 16 1456 15.04 15.52
SD16GAINX = 32 2720 28.35 29.76
SD16GAINx = 1 +0.2
Eos Offset error SD16GAINX = 32 3V 5 %FSR
Offset error SD16GAINX = 1 200 oo
dEpg/dT tempgrature 3V FSR/°C
coefficient SD16GAINX = 32 +20 100
SD16GAINx = 1, Common-mode input signal:
Common-mode Vip = 500 mV, fiy = 50 Hz, 100 Hz >90
CMRR rejection ratio SD16GAINx = 32, Common-mode input signal: sV dB
Vip = 16 mV, fiy = 50 Hz, 100 Hz >75
AC PSRR %Cegfi’xe:;fopp'y SD16GAINX = 1, Ve = 3 V £ 100 mV, fycc = 50 Hz 3V >80 dB
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electrical characteristics over recommended operating free-air temperature (unless otherwise
noted) (continued)

SD16_A, temperature sensor

PARAMETER TEST CONDITIONS Vee | MIN  TYP MAX | UNIT
Sensor temperature
TCsensor coefficient 118 132 1.46 | mV/K
Voffset,sensor Sensor offset voltage -100 100 mV
Temperature sensor voltage at Tp = 85°C 435 475 515
Sensor output voltage — oro
Vsensor (see Note 2) Temperature sensor voltage at Tp = 25°C 3V 355 395 435 mV
Temperature sensor voltage at Tp = 0°C 320 360 400

NOTES: 1. The following formula can be used to calculate the temperature sensor output voltage:

Vsensortyp = TCsensor (273 + T [°C] ) + Voriset,sensor [MV]
2. Results based on characterization and/or production test, not TCggnsor OF Voffset,sensor-

SD16_A, built-in voltage reference

PARAMETER TEST CONDITIONS Vec | MIN  TYP  MAX | uNIT
VRer Ugﬁ;gzl reference SD16REFON = 1, SD16VMIDON = 0 3V | 114 120 126 Vv
IREF ?frfgftnce supply SD16REFON = 1, SD16VMIDON = 0 3V 175 260 | uA
TC Temperature coefficient | SD16REFON = 1, SD16VMIDON = 0 3V 18 50 [ ppm/K
CRer VRer load capacitance | SD16REFON = 1, SD16VMIDON = 0 (see Note 1) 100 nF
ILoAD X:‘rfgg)t maximum l0ad | gryspEFON = 1, SD16VMIDON = 0 3V +200 | nA

. SD16REFON = 0->1, SD16VMIDON = 0,
ton Turn-on time Crer = 100 nF 3V 5 ms
DC power-supply _ _ _

DCPSR o AVee/aVGg | SDTBREFON =1, SD16VMIDON =0, Ve =25 V1036V 100 Y

NOTES: 1. There is no capacitance required on Vggr. However, a capacitance of at least 100nF is recommended to reduce any reference
voltage noise.

SD16_A, reference output buffer

PARAMETER TEST CONDITIONS Vee MIN TYP MAX UNIT
Vegrpue  Leference buffer output | o speroN = 1, SD16VMIDON = 1 3V 1.2 v
’ voltage

Reference supply +
IREF,BUF reference output buffer SD16REFON = 1, SD16VMIDON = 1 3V 385 600 A

quiescent current
CREF(O) Required load SD16REFON = 1, SD16VMIDON = 1 470 nF

capacitance on VRer
loapmax  aximum load current | gpyyspEEN = 1, SD16VMIDON = 1 3V H| mA

’ on VRer
Maximum voltage _
variation vs load current | ['Loapl =010 1 mA 3V -15 15 mv
. SD16REFON = 0->1, SD16VMIDON =1,
ton Turn-on time Cher = 470 nF 3V 100 us
SD16_A, external reference input
PARAMETER TEST CONDITIONS Vee MIN TYP MAX UNIT
VREF() Input voltage range SD16REFON =0 3V 1.0 125 1.5 \Y
IREF(1) Input current SD16REFON =0 3V 50 nA
3 13
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electrical characteristics over recommended operating free-air temperature (unless otherwise

noted) (continued)

12-bit DAC, supply specifications

(see Notes 3 and 4)

AAVCC =100 mV

PARAMETER TEST CONDITIONS Vee MIN TYP MAX | UNIT
AV A AV =DV,
cc nalog supply voltage AVss = DVgg = 0 V 2.20 3.60 \
DAC12AMPx = 2, DAC12IR=0, 50 110
DAC12_xDAT=0800h
DAC12AMPx = 2, DAC12IR=1, 50 10
Supply current DAC12_xDAT = 0800h, VRerpaci2 = AVce
| pPply : 2.2V/3V A
DD (see Notes 1 and 2) DAC12AMPx = 5, DAC12IR = 1, : 200 440 "
DAC12_xDAT = 0800h, Vrerpaci2 = AVee
DAC12AMPx=7, DAC12IR =1, 700 1500
DAC12_xDAT = 0800h, VRer,pac12 = AVcc
Power supply
DAC12_xDAT = 800h, V =1.2V
PSRR rejection ratio - REFDAC12 2.7V 70 dB

NOTES: 1. No load at the output pin assuming that the control bits for the shared pins are set properly.

2. Current into reference terminals not included. If DAC12IR = 1 current flows through the input divider; see Reference Input

specifications.

3. PSRR =20 x log{AAVcc/AVpaci2 xouT}-
4. VRer is applied externally. The internal reference is not used.

32
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electrical characteristics over recommended operating free-air temperature (unless otherwise

noted) (continued)

12-bit DAC, linearity specifications (see Figure 12)

PARAMETER TEST CONDITIONS Vee MIN TYP MAX | UNIT
Resolution 12-bit monotonic 12 bits
Integral nonlinearity VRerpaci2=1.2YV,
, + +
INL (see Note 1) DAC12AMPx =7, DAC12IR = 1 27v 20 #80 | LSB
Differential nonlinearity VRerpaciz=1.2V,
DNL : 27V +0.4 +1. LSB
(see Note 1) DAC12AMPx =7, DAC12IR =1 0 0 S
Offset voltage w/o
calibration VRerpact2 =12V, 27V +20
DAC12AMPx =7, DAC12IR =1
Eo (see Notes 1, 2)
: mV
Offset voltage with
calibration VRerpaciz =12V, 27V 2.5
DAC12AMPx =7, DAC12IR =1
(see Notes 1, 2)
de(oy/dr Offset error
temperature coefficient 27V +30 uv/c
(see Note 1)
Eg Gain error (see Note 1) VRerpAaci2 =12V 27V +3.50 | % FSR
Gain temperature ppm of
dg(gy/d 27V 10
E@YET coefficient (see Note 1) FSR/°C
tor off DAC12AMPx =2 27V 100
Time for offset calibration
DAC12AMPx =3, 5 27V 32
{offset_Cal (see Note 3) ms
DAC12AMPx =4, 6,7 27V 6
NOTES: 1. Parameters calculated from the best-fit curve from Ox0A to OxFFF. The best-fit curve method is used to deliver coefficients “a” and

“b” of the first order equation: y = a + b*x. Vpac12 xout = Eo + (1 + Eg) * (VREFDAC12/4095) * DAC12_xDAT, DAC12IR = 1.

2. The offset calibration works on the output operational amplifier. Offset calibration is triggered setting bit DAC12CALON.

3. The offset calibration can be done if DAC12AMPx = {2, 3, 4, 5, 6, 7}. The output operational amplifier is switched off with
DAC12AMPx = {0, 1}. It is recommended that the DAC12 module be configured prior to initiating calibration. Port activity during
calibration may effect accuracy and is not recommended.

DAC Output

' ClLoag = 100pF

pAC VouT A

VR+

AVee

Offset Error

Positive < _

Ideal transfer
function

Negative {

DAC Code

Figure 12. Linearity Test Load Conditions and Gain/Offset Definition
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electrical characteristics over recommended operating free-air temperature (unless otherwise
noted) (continued)

12-bit DAC, linearity specifications (continued)
TYPICAL INL ERROR

Vs
DIGITAL INPUT DATA

4
\ \

Vec=2.2V,Vggg=1.2V

3 |- DAC12AMPx =7

DAC12IR=1

-2

INL - Integral Nonlinearity Error - LSB
o

-3

-4
0 512 1024 1536 2048 2560 3072 3584 4095
DAC12_xDAT - Digital Code
TYPICAL DNL ERROR
Vs
DIGITAL INPUT DATA
2.0 ‘
m Vec=2.2V,Vggp=1.2V
9 15| DAC12AMPx=7
I DAC12IR =1
5
£ 1.0
1]
2
5 05
Q
£
G oo b T ouii
=2
s
£ -05
o
8
a -10
1
z
Z -15
-2.0
0 512 1024 1536 2048 2560 3072 3584 4095

DAC12_xDAT - Digital Code
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electrical characteristics over recommended operating free-air temperature (unless otherwise

noted) (continued)

12-bit DAC, output specifications

PARAMETER TEST CONDITIONS Vee MIN TYP MAX | UNIT
No load, VRerpact2 = AVce,
DAC12_xDAT = 0h, DAC12IR =1, 0 0.005
DAC12AMPx =7
No load, VRerpac12 = AVcce,
Output voltage | DAC12_xDAT = OFFFh, DAC12IR = 1, AVc—0.05 AVce
range DAC12AMPx =7
V 2.2V/3V \Y
o (see Note 1, Rload = 3 kQ, VREF,DAC12 =AVce,
Figure 15) DAC12_xDAT = 0h, DAC12IR =1, 0 0.1
DAC12AMPx =7
RLoad = 3 k& VRerpAC12 = AVce,
DAC12_xDAT = OFFFh, DAC12IR =1, AVc-0.13 AVce
DAC12AMPx =7
C Max DAC12 2.2V/3V 100 F
L(DAC12) load capacitance ’ P
| Max DAC12 2.2V -0.5 +0.5 A
L(DAC12) load current 3V -1.0 +1.0 m
R =3KkQ,V 0.3V,
Load O/P(DAC12) < 150 250
DAC12AMPx = 2, DAC12_xDAT = 0h
Qutput RLoad = 3 k<,
Ro/P(DAC12) resistance Vorpaciz) > AVcc - 0.3V 2.2V/3V 150 250 Q
(see Figure 15) | DAC12_xDAT = OFFFh
Rload = 3 kQ, 1 4
0.3V <Voppaciz) SAVcc -0.3V
NOTES: 1. Data is valid after the offset calibration of the output amplifier.
Ro/p(DAC12_x) A
. D Rl Max-f - — — — — — — -
| ILoad ! oa [ [ }
! | |
w AVee [ \ }
| | T2 | |
! ! 2 ‘ ‘ i
‘ ‘ | | |
3 O/P(DAC12_x): CLoag= 100pF Min-{ -~ ‘ |
: : T t T >
-------------------------- 0.3 AVee-0.3V | v
cC | VouT
AVeeo
Figure 15. DAC12_x Output Resistance Tests
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electrical characteristics over recommended operating free-air temperature (unless otherwise
noted)

12-bit DAC, reference input specifications

PARAMETER TEST CONDITIONS Vee MIN TYP MAX | UNIT
Reference input | DAC12IR=0 (see Notes 1 and 2) AVce/3  AVgg+0.2
VRer 2.2V/3V Y
voltage range DAC12IR=1 (see Notes 3 and 4) AVee  AVcc+0.2
R Reference input | DAC12IR=0 2 2V/3V 20 MQ
(VREF) resistance DAC12IR=1 : 40 48 56 kQ

NOTES: 1. For a full-scale output, the reference input voltage can be as high as 1/3 of the maximum output voltage swing (AV¢c).
2. The maximum voltage applied at reference input voltage terminal Vger = [AVcc — VE()l / [3*(1 + Eg)l-
3. For a full-scale output, the reference input voltage can be as high as the maximum output voltage swing (AVgg).

4. The maximum voltage applied at reference input voltage terminal Vger = [AVcc - Vi)l / (1 + Eg)-

12-bit DAC, dynamic specifications, Vgerpaci2 = AVcc, DAC12IR =1 (see Figure 16 and Figure 17)

PARAMETER TEST CONDITIONS Vee MIN TYP MAX | UNIT
DACI2 DAC12_xDAT = 800h, | DAC12AMPx=0 — {2, 3, 4} 60 120
ton on time Errory(o) <10.5 LSB DAC12AMPx=0 — {5, 6} 2.2V/3V 15 30 us
(see Note 1,Figure 16) | DAC12AMPx=0 — 7 6 12
s c DAC12AMPx=2 100 200
ettling time, | DAC12_xDAT =
DAC12AMPx=3,5 . 40 80
1SFS)  full scale 80h— F7Fh—s 80h 2.2VI8V Hs
DAC12AMPx=4,6,7 15 30
DAC12_xDAT = DAC12AMPx=2 5
Settling time, -
ts(c-c) 3F8h—> 408h— 3F8h | DAC12AMPx=3,5 2.2V/3V 2 us
code to code
BF8h— C08h— BF8h | DAC12AMPx=4,6,7 1
c DAC12AMPx=2 0.05 0.12
DAC12_xDAT =
SR Slew rate 80h—s I;7Fh—> 80h DAC12AMPx=3,5 22v/3v | 0.35 0.7 Vius
DAC12AMPx=4,6,7 1.5 2.7
DAC12AMPx=2 10
DAC12_xDAT =
Glitch energy, full scale 80h— F_7Fh—> 80h DAC12AMPx=3,5 2.2V/3V 10 nv-s
DAC12AMPx=4,6,7 15

NOTES: 1. Rigag and Ciyaq connected to AVgg (not AVgc/2) in Figure 16.
2. Slew rate applies to output voltage steps > 200mV.

[ [
Conversion 1>< Conversion 2 X Conversion 3
\

_._baCOutput vourk Gitch | +-12LsB
| RLoad=3 ke Energy

3 Il oad
1 :i} L — AVee
l ! 2

................. ! CLoad = 100pF
Ro/P(DAC12.x)

+/-1/2 LSB

| |
> <+ >
tsettieLH tsettieHL

Figure 16. Settling Time and Glitch Energy Testing
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electrical characteristics over recommended operating free-air temperature (unless otherwise

noted)

VouT

Conversion 1>< Conversion 2 >< Conversion 3

> P

Figure 17. Slew Rate Testing

12-bit DAC, dynamic specifications (continued) (Tp = 25°C unless otherwise noted)

PARAMETER TEST CONDITIONS Vee MIN TYP MAX| UNIT
DAC12AMPX = {2, 3, 4}, DAC12SREFx = 2, 20
DAC12IR = 1, DAC12_xDAT = 800h
3-dB bandwidth, DAC12AMPx = {5, 6}, DAC12SREFx = 2,
BW_3dB VDC=1 5V, VAC=O'1 Vpp DAC12IR = 1. DAC12 xDAT = 800h 2.2V/3V 180 kHz
(see Figure 18) —
DAC12AMPx = 7, DAC12SREFx = 2, 550
DAC12IR = 1, DAC12_xDAT = 800h
NOTES: 1. RLOAD =3 kQ, CLOAD =100 pF
RLoad= 3 kQ
DAC12_x AVee
2
____________________ ClLoag= 100pF
Figure 18. Test Conditions for 3-dB Bandwidth Specification
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electrical characteristics over recommended operating free-air temperature (unless otherwise

noted)
operational amplifier OA, supply specifications
PARAMETER TEST CONDITIONS Vee MIN TYP MAX UNIT
Vee Supply voltage — 2.2 3.6 \
Fast Mode 180 290
lco (S‘Sfép,l\f oﬁ:rﬁm Medium Mode 22V/3V 110 190 | pA
Slow Mode 50 80
PSRR  Power supply rejection ratio Non-inverting 22Vi3V 70 dB
NOTES: 1. P6SEL.x =1 or SD16AE.x = 1 for each corresponding pin when used in OA input or OA output mode.
operational amplifier OA, input/output specifications
PARAMETER TEST CONDITIONS Vee MIN TYP MAX UNIT
Vip Input voltage, I/P — -0.1 Vge-1.2 \Y
g Input leakage current, I/P Ta=-40°C to 55°C _ -5 10.5 5| nA
(see Notes 1 and 2) Ta =55°C to 85°C -20 +5 20| nA
Fast Mode 50
Medium Mode fyp) = 1 kHz 80
Slow Mode 140 _—
Vin Voltage noise density, I/P Fast Mode — 30 nVAHz
Medium Mode fue) = 10 kHz 50
Slow Mode 65
Vio Offset voltage, I/P 22V/3V +10 mV
Offset temperature drift, I/P see Note 3 22Vi3V +10 uv/°C
i < < —
Fast Mode, Isoyrce < -500 pA 22V Vce-0.2 Vee
VoH High-level output voltage, O/P Slow Mode,lsounce < —150 A 3V Voo-0.1 Voo Vv
Fast Mode, Isoyrce < +500 pA 22V Vss 0.2
VoL Low-level output voltage, O/P Slow Mode lsounce < +150 1A 3V Vs 01 \Y
CMRR Common-mode rejection ratio | Non-inverting 22V/3V 70 dB
NOTES: 1. ESD damage can degrade input current leakage.
2. The input bias current is overridden by the input leakage current.
3. Characterized and calculated using the box method, not production tested.
3 13
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electrical characteristics over recommended operating free-air temperature (unless otherwise

noted)
operational amplifier OA, dynamic specifications
PARAMETER TEST CONDITIONS Vee MIN TYP MAX UNIT
Fast Mode 1.2
SR Slew rate Medium Mode — 0.8 Vius
Slow Mode 0.3
Open-loop voltage gain — 100 dB
Om Phase margin CL =50 pF — 60 deg
Gain margin CL=50pF — 20 dB
Gain-bandwidth product Noninverting, Fast Mode, R = 47kQ, C_ = 50pF 2.2
GBW  (see Figure 19 Noninverting, Medium Mode, R =300kQ, C, = 50pF | 2.2V/3V 14 MHz
and Figure 20) Noninverting, Slow Mode, R =300k, C, = 50pF 05
tenon)  Enable time on ton, Noninverting, Gain = 1 22V/3V 10 20 us
ten(ofy  Enable time off 22V/3V 1 us
TYPICAL OPEN-LOOP GAIN vs FREQUENCY TYPICAL PHASE vs FREQUENCY
140 0
120
100 -50
80 Fast Mode
60 Medium Mode @
o o -100
| 40 b
[= T
‘© 20 \ | .
L} 8 Medium Mode
S d < -150 {
0 <
o
-20 \ Slow Mode
-40 \ -200
-60 \
-80 -250
0.001 0.01 0i1 tF1 10 k:|00 1000 10000 0.001 0.01 0.1 1 10 100 1000 10000
nput Frequency - khz Input Frequency — kHz
Figure 19 Figure 20
switches to ground
PARAMETER TEST CONDITIONS Vee MIN TYP MAX UNIT
Vee Supply voltage 2.5 3.6 Vv
| Input leakage current Ta=-40°Cto +55°C el $10 A
lkg (see Note 1) Tp=55°C to 85°C +50
IIN Input current Input switched to Ground. 0 100 A
Ron On resistance IIN=100 pA, Tpo=—40°C to 85°C 10 Q
OTES: 1. ESD damage can degrade input current leakage.
3 15
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electrical characteristics over recommended operating free-air temperature (unless otherwise
noted)

flash memory

PARAMETER COJIEI?IONS Vee MIN TYP MAX | UNIT

Vecpam Program and erase supply voltage 2.5 3.6 \Y
ERASE)
frTg Flash timing generator frequency 257 476 kHz
IpGMm Supply current from DV ¢ during program 2.5V/3.6V 3 5 mA
IERASE Supply current from DV during erase 2.5V/3.6V 3 7 mA
tcpT Cumulative program time see Note 1 2.5V/3.6V 10 ms
tcMErase Cumulative mass erase time see Note 2 2.5V/3.6V 200 ms

Program/erase endurance 104 10° cycles
tRetention Data retention duration Ty=25°C 100 years
tword Word or byte program time 35
tBlock, 0 Block program time for 1St byte or word 30
tBlock, 1-63 Block program time for each additional byte or word 21
tBlock, End Block program end-sequence wait time see Note 3 6 tF1G
tMass Erase Mass erase time 5297
tSeq Erase Segment erase time 4819

NOTES: 1. 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.
2. The mass erase duration generated by the flash timing generator is at least 11.1ms ( = 5297x1/fgrg,max = 5297x1/476kHz). To
achieve the required cumulative mass erase time the Flash Controller’s mass erase operation can be repeated until this time is met.
(A worst case minimum of 19 cycles are required).
3. These values are hardwired into the Flash Controller’s state machine (tetg = 1/fF7g)-

JTAG interface

PARAMETER COJIZEI?’IONS Vee MIN TYP MAX | UNIT
22V 0 5 MHz
frek TCK input frequency see Note 1 3V 0 0| MHz
Rinternal Internal pull-up resistance on TMS, TCK, TDI/TCLK | see Note 2 22V/3V 25 60 90 kQ
NOTES: 1. frck may be restricted to meet the timing requirements of the module selected.
2. TMS, TDI/TCLK, and TCK pull-up resistors are implemented in all versions.
JTAG fuse (see Note 1)
PARAMETER COJ[I)EI?';I-ONS Vee MIN TYP MAX | UNIT
VceF) Supply voltage during fuse-blow condition Ta=25°C 2.5 Vv
VEB Voltage level on TDI/TCLK for fuse-blow: F versions 6 7 \
IrB Supply current into TDI/TCLK during fuse blow 100 mA
tFB Time to blow fuse 1 ms

NOTES: 1. Once the fuse is blown, no further access to the MSP430 JTAG/Test and emulation features is possible. The JTAG block is switched
to bypass mode.
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input/output schematics

Port P1 pin schematic: P1.0, P1.1, input/output with Schmitt trigger

|________T:ad_m§:'i
DVss : T |
DVss | &q f
I
DVgs |
| I
——F———————- K
P1DIRx .-t 0 Direction NP |
1 0: Input I &—C I
1: Output | |
P1OUTx m—] 0 ! I
@
| |
Module X OUT 1 | T | P1.0/TAO
I P1.1/TAO/MCLK

P1SEL.x | Bus
I Keeper |
I EN I
| | |
P1IN.x <4 Py | |
T I I
L I
Module X IN [ < D — -———————— — — —

P1IEX
EN |
P1IRQ.x <—C_'_ a

Set
P1IFG.x

P1SELx W Interrupt
Edge
P1IES.x B—] gelect —

Note: x = 0,1

Port P1 (P1.0, P1.1) pin functions

PIN NAME (P1.X) X FUNCTION CONTROL BITS / SIGNALS
P1DIR.x P1SEL.x
P1.0/TAO 0 [ P1.01 Input/Output 0/1 0
Timer_A3.CCI0A 0 1
Timer_A3.TAO 1 1
P1.1/TAO/MCLK 1 | P1.1% Input/Output 01 0
Timer_A3.CCI0OB 0 1
MCLK 1 1

t Default after reset (PUC/POR)
NOTES: 1. N/A: Not available or not applicable.
2. X:Don't care.
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Port P1 pin schematic: P1.2, input/output with Schmitt trigger and analog functions

INCH=4 l—————————PaJ_O—'-'
= 1 gic |
I
0 — AV
At ss | |
1 |
I T
I
SD16AE.x ! I
I
e A
P1DIR.x .t 0 Direction Y |
1 0: Input | —J |
1: Output | |
P1OUTx m—] 0 I |
‘ 1
— |
Module X OUT 1 I T : P1.2/TA1/A4-
P1SEL.x | Bus |
I Keeper
I EN I
| . |
P1INx <« ® | |
| I
‘ L I
Module X IN | <] D] —e - ——————— — -
P1IE.x
EN
=
P1IRQ.x 4—C o Q
I Set
P1IFG.x
P{SELx W Interrupt
Edge
P1IES.x B— gglect —
Note: x =2
Port P1 (P1.2) pin functions
CONTROL BITS / SIGNALS
PIN NAME (P1.X X FUNCTION
( ) P1DIR.x P1SEL.x SD16AE.x
P1.2/TA1/A4- 2 | P1.2% Input/Output o 0 0
Timer_A3.CCIHA 0 1 0
Timer_A3.TA1 1 0
A4- (see Notes 3, 4) X X 1

T Default after reset (PUC/POR)
NOTES: 1. N/A: Not available or not applicable.
2. X:Don't care.
3. Setting the SD16AE.x bit disables the output driver as well as the input Schmitt trigger to prevent parasitic cross currents when
applying analog signals.
4. Negative input to SD16_A (A4-) connected to Vgg if corresponding SD16AE.x bit is cleared.
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Port P1 pin schematic: P1.3, P1.5, P1.7, input/output with Schmitt trigger and analog functions

INCH=y I—————————Paa_o;:_i
| I
|
Ay+ I I
|
SD16AE.x | |
| .
I— I =
P1DIRx 0 Direction . o |
1 0: Input | &—C I
1: Output | |
P1OUTX m—] 0 . ! |
Module X OUT —] 1 ; |
|
P1SEL.x | Bus |
I Keeper
EN |
| |
| :
P1IN.x <4 ® | |
E > I
== | |
Module X IN D] o L ————— —

P1IRQ.X "
< ( . Q
.

Note: x = 3,5,7
y=4.3.2

P1IE.x

EN K

Set

P1IFG.x

P1SELx Interrupt
Edge
P1IESx B— select —

P1.3/TA2/A4+
P1.5/TACLK/ACLK/A3+
P1.7/A2+

Q’ TEXAS
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Port P1 (P1.3, P1.5, P1.7) pin functions

CONTROL BITS / SIGNALS
PIN NAME (P1.X) X FUNCTION P1DIR.x P1SEL.x SD16AE.x
P1.3/TA2/A4+ 3 | P1.3% Input/Output (Val 0 0
Timer_A3.CCI2A 0 1 0
Timer_A3.TA2 1 0
A4+ (see Note 3) X X 1
P1.5/TACLK/ACLK/A3+ | 5 [ P1.5t Input/Output 0/1 0 0
Timer_A3.TACLK/INCLK 0 1 0
ACLK 1 0
A3+ (see Note 3) X X 1
P1.7/A2+ 7 | P1.5% Input/QOutput 01 0 0
N/A 0 1 0
DVSS 1 0
A2+ (see Note 3) X X 1

T Default after reset (PUC/POR)
NOTES: 1. N/A: Not available or not applicable.
2. X:Don't care.
3. Setting the SD16AE.x 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 P1 pin schematic: P1.4, input/output with Schmitt trigger and analog functions

| T T T T T T Todloge |
INCH=3 1 Pad Logic |
AV I
As Ss | |
I |
SD16AEx B : 2 |
DAC120PS & ! J I
I .
I— - —_—— = -
P1DIR.x .t Direction Y |
0: Input | o3 |
1: Output | I
P1OUTX m—] | |
DVgg — ¢ |
SS I | P1.4/A3-/OA110/DACO
P1SEL.x | KBUS |
eeper
I g |
EN
' |
| :
P1IN.x ¢ ® | |
E} >7 I
| |
- - - -
DAC120PS
P1IE.x
EN DACO O
P1IRQ.x <—L_'
® Q
Set
P1IFG.x
P1SELx m—] Interrupt
Edge
P1IES.x B—] select —
Note: x =4
Port P1 (P1.4) pin functions
PIN NAME (P1.X) X FUNCTION CONTROL BITS / SIGNALS
) P1DIR.x P1SEL.x SD16AE.x OAPx (OA1) DAC120PS
P1.4/A3-/OA110/DACO | 4 | P1.4t Input/Output on 0 0 XX 0
N/A 0 1 0 XX 0
DVSS 1 1 0 XX 0
A3- (see Notes 3, 4) X X 1 XX 0
OA1I0 X X 1 00 0
DACO (see Note 5) X X X XX 1

t Default after reset (PUC/POR)
N/A: Not available or not applicable.

NOTES: 1.
2.
3.

4.
5.

X: Don't care.

Setting the SD16AE.x bit disables the output driver as well as the input Schmitt trigger to prevent parasitic cross currents when
applying analog signals.

Negative input to SD16_A (A3-) connected to AVgg if corresponding SD16AE.x bit is cleared.

Setting the DAC120PS bit also 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 P1 pin schematic: P1.6, input/output with Schmitt trigger and analog functions

| T T T T T o logie |
INCH=2 1 Pad Logic I
I
0 AV
noo ss | |
1 | }
l I
SD16AE.x B T I
I .
I— -rmr———_-—_—— = A
P1DIR.x .'t 0 Direction NP |
1 0: Input | P |
1: Output | |
P1OUTx m—] 0 I |
DVgg— 1 - I
SS I | P1.6/A2—/OA0I0
P1SEL.x | KBUS |
I eeper
EN I
| |
| :
P1IN.x <« ® | |
E} > I
| |
- -
P1IE.x
EN
—m
P1IRQ.x 4—C N Q
I Set
P1IFG.x
P1SELx m— Interrupt
Edge
P1IES.x B—] select —
Note: x = 6
Port P1 (P1.6) pin functions
PIN NAME (P1.X) X FUNCTION CONTROL BITS / SIGNALS
) P1DIR.x P1SEL.x SD16AE.x OAPx (OA0) | OAPx (OA1)
P1.6/A2-/OA0I0 6 | P1.61 Input/Output 0/1 0 0 XX XX
N/A 0 1 0 XX XX
DVSS 1 1 0 XX XX
A2- (see Notes 3, 4) X X 1 XX XX
X X 1 00 or 01 XX
OAO0IO (see Note 5) X X p X o1

1 Default after reset (PUC/POR)
NOTES: 1. N/A: Not available or not applicable.
2. X:Don't care.
3. Setting the SD16AE.x bit disables the output driver as well as the input Schmitt trigger to prevent parasitic cross currents when
applying analog signals.
4. Negative input to SD16_A (A2-) connected to AVgg if corresponding SD16AE.x bit is cleared.
5. OAOIO connected to pin if for OAO the OAPX bits are cleared or set to 01, or if for OA1 the OAPX bits are set to 01.
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Port P2 pin schematic: P2.0 to P2.1, input/output with Schmitt trigger, LCD and analog functions

|_________Pacﬁ_og_ic-i

LCDS12 ! T I

Segment Sy : D% I

| |

I '

|_ —_—— e ———— -

P2DIR.x I‘t 0 Direction NP !

1 0: Input I ®— I

1: Output | |

P20UTx B—] 0 ° ! |

] |
Vs ; | I P2.0/S13/SW0C
| P2.1/S12/SW1C

P2SEL.x 14 I KBUS I
| eeper

| EN |

| . |

P2IN.x ¢ g | |

I

I I

l_ __________ —

P2IE X En SWCTL.SWCLT2 (SWOC)
P2IRQ.X <—L : a SWCTL.SWCLT6 (SW1C)

Set p—
P2IFG.x =
AVss
POSELX W Interrupt
Edge
P2IES.x B— gelect —
Note: x = 0,1
y=13,12
Port P2 (P2.0, P2.1) pin functions
CONTROL BITS / SIGNALS
PIN NAME (P2.X) X FUNCTION P2DIR.x P2SEL.x LCDS12
P2.0/S13/SW0C 0 | P2.01 Input/Output 0N 0 0
SWOC (see Notes 3, 4) X 1 0
S13 X X 1
P2.1/S12/SW1C 1 | P2.1t Input/Output 0N 0 0
SW1C (see Notes 3, 4) X 1 0
S12 X X 1

t Default after reset (PUC/POR)
NOTES: 1. N/A: Not available or not applicable.
2. X:Don't care.
3. Setting the P2SEL.x bit disables the output driver as well as the input Schmitt trigger to prevent parasitic cross currents when
applying analog signals.
4. The low impedance switch to ground is closed by setting the corresponding bits in SWCTL register.
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Port P2 pin schematic: P2.2 to P2.7, input/output with Schmitt trigger, LCD and analog functions

|————_____pad_Loch'i
LCDS4/8/12 ! T I
Segment Sy : D% I
LTI_E I
DV ss ! I
I '
|_ _— e ——————— -
P2DIR.x -'t 0 Direction @ |
1 0: Input I ®— I
1: Output | |
P20UTx ®m— 0 I I
i
oves—] 1 | [ P2.2/S11
P2.3/S10
PoSELx | Bus : P2.4/S9
| Keeper P2.5/S8
| N | P2.6/S7
I l I P2.7/S6
P2IN.x ¢ ® |
I I
L I
P2IE.x 1|
P EN
P2IRQ.X 4—L ° Q
I Set
P2IFG.x
POSELX B Interrupt
Edge

P2IES.x B— Select —

Note: x=2to 7
y=111t06
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Port P2 (P2.0 to P2.7) pin functions

PIN NAME (P2.X) FUNCTION CONTROL BITS / SIGNALS
P2DIR.x P2SEL.x LCDS12
P2.2/S11 P2.2t Input/Output 0/1 0 0
N/A 0 1 0
DVSS 1 0
S11 X X 1
P2.3/S10 P2.31 Input/Output 0/1 0 0
N/A 0 1 0
DVSS 1 0
S10 X X 1
P2.4/S9 P2.4% Input/Output 0N 0 0
N/A 0 1 0
DVSS 1 1 0
S9 X X 1
P2.5/S8 P2.5% Input/Output 0/1 0 0
N/A 0 1 0
DVSS 1 0
S8 X X 1
P2.6/S7 P2.61 Input/Output 01 0 0
N/A 0 1 0
DVSS 1 0
S7 X X 1
P2.7/S6 P2.71 Input/Output 0N 0 0
N/A 0 1 0
DVSS 1 0
S6 X X 1

t Default after reset (PUC/POR)

NOTES:

1. N/A: Not available or not applicable.

2. X:Don't care.
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Port P5 pin schematic: P5.0, P5.1, P5.5 to P5.7, input/output with Schmitt trigger and LCD functions

Pad Logic
LCDS0/4 T
Segment Sy Dz
DVss br’-%
P5DIR.x I-t 0 Direction ®
1 0: Input ®—J

1: Output

I
|
|
|
|
I
|
|
|
PSOUTx m— 0 I
I
I
|
I
|
I
|
|

L
DVgs—11
P5SEL.x Bus
Keeper
EN
P5IN.x < T i

Note: x =0,1,5,6,7
y=1,0234

P5.0/S1
P5.1/S0
P5.5/82
P5.6/S3
P5.7/84
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Port P5 (P5.0, P5.1, P5.5, P5.6) pin functions

PIN NAME (P5.X) X FUNCTION CONTROL BITS / SIGNALS
P5DIR.x P5SEL.x LCDSO0
P5.0/S1 0 [ P5.01 Input/Output 0/1 0 0
N/A 0 1 0
DVSS 1 0
St X X 1
P5.1/S0 1 | P5.11 Input/Output 0/1 0 0
N/A 0 1 0
DVSS 1 0
SO X X 1
P5.5/S2 5 | P5.51 Input/Output 0N 0 0
N/A 0 1 0
DVSS 1 1 0
S2 X X 1
P5.6/S3 6 | P5.61 Input/Output 0/1 0 0
N/A 0 1 0
DVSS 1 1 0
S3 X X 1

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

Port P5 (P5.7) pin functions

CONTROL BITS / SIGNALS
PIN NAME (P5.X) X FUNCTION P5DIR.x P5SEL.x LCDS4
P5.7/S4 7 | P5.71 Input/Output 01 0 0
N/A 0 1 0
DVSS 1 0
S4 X X 1

T Default after reset (PUC/POR)
NOTES: 1. N/A: Not available or not applicable.
2. X:Don't care.
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Port P5 pin schematic: P5.2 to P5.4, input/output with Schmitt trigger and LCD functions

LCD Signal

-
| |
! |
| |
| |
| |
I ]
| =
P5DIR.x l-t 0 Direction Y !
1 0: Input | o— I
1: Output | |
P50UT.x B—] 0 I I
1
o, i |
S |
|
P5SEL.x I b I
| Keeper
EN I
| |
| .
PSIN.x ¢ | T—_% |
|
| |
L
Note: x =210 4

Port P5 (P5.2 to P5.4) pin functions

P5.2/COM1
P5.3/COM2
P5.4/COM3

PIN NAME (P5.X) x FUNCTION CONTROL BITS / SIGNALS
P5DIR.x P5SEL.x
P5.2/COM1 2 | P5.2% Input/Output on 0
COM1 X 1
P5.3/COM2 3 | P5.3% Input/Output on 0
COM2 X 1
P5.4/COMS3 4 | P5.4% Input/QOutput 0/1 0
COM3 X 1

T Default after reset (PUC/POR)

NOTES: 1. N/A: Not available or not applicable.

2. X:Don't care.
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Port P6 pin schematic: P6.0, P6.2, input/output with Schmitt trigger and analog functions

# b Padlogi |
INCH=0/1 1 Pad Logic I
| I
Ay+ # : l
I
| I
I '
T |
P6DIR.x -'t 0 Direction NP |
1 0: Input | |
1: Output I I
P6OUTx B—] 0 ! I
@
] |
DV ss 1 | I P6.0/A0+/OA00
| P6.2/A1+/0A10
P6SEL.x I KBUS I
r
| eepe |
EN
| |
| :
PEIN.X ¢ | T—_% |
I
| |
l_ __________ —
Note: x = 0,2 +
y=0,1 OA0/1

#Signal from or to SD16 -

Port P6 (P6.0, P6.2) pin functions

PIN NAME (P6.X) X FUNCTION CONTROL BITS / SIGNALS
P6DIR.x P6SEL.x
P6.0/A0+/OA00 0 [ P6.01 Input/Output 0/1 0
A0+/OAQO (see Note 3) X 1
P6.2/A1+/OA10 2 | P6.2t Input/Output 01 0
A1+/OA10 (see Note 3) X 1

t Default after reset (PUC/POR)
NOTES: 1. N/A: Not available or not applicable.
2. X:Don't care.
3. Setting the P6SEL.x 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 P6 pin schematic: P6.1, P6.3, input/output with Schmitt trigger and analog functions

INCH=0/1 # b PadLogc -i
I
I I
Ay_# I I
I I
I
I
e A
P6DIR.x .'t 0 Direction s |
; —®
1 0: Input |
1: Output | I
P6OUTx B—] O I |
*— |
— 1
DVss | P6.1/A0-/OAOFB
oSl | "~ | P6.3/A1-/OA1FB
X
I Keeper I
I EN I
| | |
P6IN.x <« | |
I
' |
- _ -
Note: x =1,3
y=0,1
#Signal from or to SD16
Port P6 (P6.1, P6.3) pin functions
CONTROL BITS / SIGNALS
PIN NAME (P6.X) X FUNCTION
P6DIR.x P6SEL.x
P6.1/A0-/OAOFB 1 | P6.1% Input/Output 0/1 0
A0-/OAOQFB (see Note 3) X 1
P6.3/A1-/OA1FB 3 | P6.3t Input/QOutput 0/1 0
A1-/OA1FB (see Note 3) X 1

T Default after reset (PUC/POR)
NOTES: 1. N/A: Not available or not applicable.
2. X:Don't care.
3. Setting the P6SEL.x 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 P6 pin schematic: P6.4 to P6.7, input/output with Schmitt trigger and analog functions

___________ -
Pad Logic
P6DIR.x l-t 0 Direction I Py o
1 0: Input | |
1: Output | |
P60OUTXx B—] 0 I I
‘ 1
b i |
SS |
|
P6SEL.x I P I
| Keeper
| EN I
| . |
P6IN.X <« | |
I |
L |
Note: x =410 7

Port P6 (P6.4 to P6.7) pin functions

P6.4/0A0I1
P6.5/0A012
P6.6/0A1I1
P6.7/0A112

PIN NAME (P6.X) x FUNCTION CONTROL BITS / SIGNALS
P6DIR.x P6SEL.x
P6.4/0OA0I1 4 | P6.4t Input/Output 0/1 0
OAO0I1 (see Note 3) X 1
P6.5/0A012 5 [ P6.51 Input/Output 0/1 0
OAO0I2 (see Note 3) X 1
P6.6/0A1I1 6 | P6.61 Input/Output 0/1 0
OA1I1 (see Note 3) X 1
P6.7/0A112 7 | P6.71 Input/Output 01 0
OA112 (see Note 3) X 1

t Default after reset (PUC/POR)

NOTES: 1. N/A: Not available or not applicable.

2. X:Don'tcare.

3. Setting the P6SEL.x 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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JTAG pins TMS, TCK, TDI/TCLK, TDO/TDI, input/output with Schmitt trigger or output

TDO

\
\
\
\
\
\
| JTAG
‘ T
\
\
\ \
\ \
| \ \
| || |
| | } |
\
} }4 \ — Burn and Test \
| i \ Fuse ‘
| || = |
| - TDUTCLK— -
\ Test | -~ j
DV
\ and \ cc |
‘ Emulation \ }
} Module i v <:| |
\ | ———————————————— ™s —-
\ | = ——— A
\ \ DVee \
| | |
| <
1 e B TCK —-
L -
RST/NMI

A

w
=
g 4
3 2
c 1
- [

o

a2 /P \
1€
co

TCK {>O G |
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JTAG fuse check mode

MSP430 devices that have the fuse on the TDI/TCLK terminal have a fuse check mode that tests the continuity
of the fuse the first time the JTAG port is accessed after a power-on reset (POR). When activated, a fuse check
current (Iirr)) of 1 mA at 3 V can flow from the TDI/TCLK pin to ground if the fuse is not burned. Care must be
taken to avoid accidentally activating the fuse check mode and increasing overall system power consumption.
Activation of the fuse check mode occurs with the first negative edge on the TMS pin after power up or if the
TMS is being held low during power up. The second positive edge on the TMS pin deactivates the fuse check
mode. After deactivation, the fuse check mode remains inactive until another POR occurs. After each POR the
fuse check mode has the potential to be activated.

The fuse check current only flows when the fuse check mode is active and the TMS pin is in a low state (see
Figure 21). Therefore, the additional current flow can be prevented by holding the TMS pin high (default
condition). The JTAG pins are terminated internally and therefore do not require external termination.

Time TMS Goes Low After POR —$
™S |_

lrp) —

ek — VL) L

Figure 21. Fuse Check Mode Current
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Data Sheet Revision History

Literature s
Number ummary
SLAS556 Product Preview data sheet release

SLAS556A Production Data data sheet release

NOTE: Page and figure numbers refer to the respective document revision.
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Manual Update Sheet
I ’.{‘IE)S(?SUMENTS SLAZ567—-December 2013

Corrections to MSP430FG42x0 Data Sheet (SLAS556A)

Document Being Updated: MSP430FG42x0 Mixed Signal Microcontroller
Literature Number Being Updated: SLAS556A

Page Change or Add

48 At the top left of the image, LCDS4/8/12 should be changed to LCDS4, LCDS8.

49 The table includes LCDS12 in the "CONTROL BITS / SIGNALS" column.
For P2.2/S11, P2.3/S10, P2.4/S9, and P2.5/S8, the correct control bit is LCDSS.
For P2.6/S7 and P2.7/S6, the correct control bit is LCDSA4.

SLAZ567—-December 2013

Corrections to MSP430FG42x0 Data Sheet (SLAS556A) 1
Submit Documentation Feedback

Copyright © 2013, Texas Instruments Incorporated



H PACKAGE OPTION ADDENDUM

13 TEXAS
INSTRUMENTS

www.ti.com 10-Dec-2020

PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ®3) (4/5)
6)

MSP430FG4250IDL ACTIVE SSOP DL 48 25 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 M430FG4250 Samples
MSP430FG4250IDLR ACTIVE SSOP DL 48 1000 RoOHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 M430FG4250 Samples
MSP430FG4250IRGZR ACTIVE VQFN RGZ 48 2500 RoHS & Green NIPDAU Level-3-260C-168 HR ~ -40to 85 M430

FG4250 s
MSP430FG4250IRGZT ACTIVE VQFN RGZ 48 250 ROHS & Green NIPDAU Level-3-260C-168 HR ~ -40 to 85 M430 5 mnles
FG4250 —
MSP430FG4260IDLR ACTIVE SSOP DL 48 1000 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 M430FG4260 Samples
MSP430FG4260IRGZR ACTIVE VQFN RGZ 48 2500 RoHS & Green NIPDAU Level-3-260C-168 HR ~ -40to0 85 M430 Samplas
FG4260 —
MSP430FG4270IDL ACTIVE SSOP DL 48 25 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 M430FG4270 Samples
MSP430FG4270IDLR ACTIVE SSOP DL 48 1000 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 M430FG4270 Samples
MSP430FG4270IRGZR ACTIVE VQFN RGZ 48 2500 ROHS & Green NIPDAU Level-3-260C-168 HR -40 to 85 M430
FG4270 —
MSP430FG4270IRGZT ACTIVE VQFN RGZ 48 250 ROHS & Green NIPDAU Level-3-260C-168 HR -40 to 85 M430 Samples
FG4270 -

@ 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: Tl 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. TI 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.

Addendum-Page 1
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® There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

© ead finish/Ball material - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two
lines if the finish value exceeds the maximum column width.

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

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

I} TEXAS
INSTRUMENTS
www.ti.com 3-Jun-2022
TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
A |<— KO < P1—p|
IR T
® 0 o Bo W
Rl |
. Diameter ' '
Cavity +| A0 |+
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
| [ |
T Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O OO0 0O 00 Sprocket Holes
| |
T T
t Q) | &) ——
A-—q-—4 t-—T--1
Q3 1 Q4 Q3 | User Direction of Feed
| w. A |
T T
=
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
MSP430FG4250IDLR SSOP DL 48 1000 330.0 324 11.35| 16.2 3.1 16.0 | 32.0 Q1
MSP430FG4250IRGZR | VQFN RGZ 48 2500 330.0 16.4 7.3 7.3 15 12.0 | 16.0 Q2
MSP430FG4250IRGZT | VQFN RGZ 48 250 180.0 16.4 7.3 7.3 1.5 12.0 | 16.0 Q2
MSP430FG4260IDLR SSOP DL 48 1000 330.0 324 11.35| 16.2 3.1 16.0 | 32.0 Q1
MSP430FG4260IRGZR | VQFN RGZ 48 2500 330.0 16.4 7.3 7.3 1.5 12.0 | 16.0 Q2
MSP430FG4270IDLR SSOP DL 48 1000 330.0 324 11.35| 16.2 3.1 16.0 | 32.0 Q1
MSP430FG4270IRGZR | VQFN RGZ 48 2500 330.0 16.4 7.3 7.3 1.5 12.0 | 16.0 Q2
MSP430FG4270IRGZT | VQFN RGZ 48 250 180.0 16.4 7.3 7.3 1.5 12.0 | 16.0 Q2
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TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
MSP430FG4250IDLR SSOP DL 48 1000 367.0 367.0 55.0
MSP430FG4250IRGZR VQFN RGZ 48 2500 367.0 367.0 38.0
MSP430FG4250IRGZT VQFN RGZ 48 250 210.0 185.0 35.0
MSP430FG4260IDLR SSOP DL 48 1000 367.0 367.0 55.0
MSP430FG4260IRGZR VQFN RGZ 48 2500 356.0 356.0 35.0
MSP430FG4270IDLR SSOP DL 48 1000 367.0 367.0 55.0
MSP430FG4270IRGZR VQFN RGZ 48 2500 356.0 356.0 35.0
MSP430FG4270IRGZT VQFN RGZ 48 250 210.0 185.0 35.0
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TUBE
T - Tube
height L - Tubelength
*
> w-Tube| - I U U L
> width
v
— B - Alignment groove width
*All dimensions are nominal
Device Package Name |Package Type Pins SPQ L (mm) W (mm) T (um) B (mm)
MSP430FG4250IDL DL SSOP 48 25 473.7 14.24 5110 7.87
MSP430FG4270IDL DL SSOP 48 25 473.7 14.24 5110 7.87
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MECHANICAL DATA

DL (R—PDSO—-G48) PLASTIC SMALL—OUTLINE PACKAGE

00155 (0349) 1576005 (0.13)@)]
0.025 (0,635) ’« »‘4— 0,008 (0.003) 05 (0,13)®

48 25

HAHARAR AR ARAAHAHAHAHAHAH T T -
0.420 (10,67) W0 08y~ ~
o Zgj(7 59(;.395 (10,03) l // ﬁ \\\

o 022911(7,'39) ﬂ—J_\ \,
Gage Plane [| § /
AR ARRRERAARRRRRY ﬂ oo

0.630 (16,00) §
0.620 (15,75)

0.040 (1,02)
0.020 (0,51)

0.110 (2,79) MAX 0.008 (0,20) MIN

o

f;[r’

\
N ,
\__‘/

Seating Plane ¢ ‘\J_\
N
'™ [0.004 (0,10)

-

3

4040048-3/F 05/13

NOTES:  A. Al linear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusion not to exceed 0.006 (0,15).
D

. Falls within JEDEC MO-118

PowerPAD is a trademark of Texas Instruments.
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GENERIC PACKAGE VIEW
RGZ 48 VQFN - 1 mm max height

7x 7,0.5 mm pitch PLASTIC QUADFLAT PACK- NO LEAD

Images above are just a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.

4224671/A
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PACKAGE OUTLINE

RGZ0048A VQFN - 1 mm max height
PLASTIC QUADFLAT PACK- NO LEAD

B
»J (0.1) TYP

e 7.1 SIDE WALL DETAIL
PIN 1 INDEX AREA 6.9 OPTIONAL METAL THICKNESS
w (0.45) TYP
CHAMFERED LEAD
CORNER LEAD OPTION
1 MAX —
0.05 j
0.00
i 2X|5.5 i
‘ [15.15£0.1 ——= ‘ ~ r (0.2) TYP
44X 13 \ 24
' 12 guuuuuijguuuup 0
- | 25
1 = i 9 SEE SIDE WALL
! = ! = DETAIL 1
D | - B
D | d \p
D | d i
x P | gsw
55 ) | dg ¢
D | d
) | d
- ‘ d
P = ! d
”7’//75 h ! Gse
vt nannnnnnannnl " taexow 0
(OPTIONAL) — ~_ % ! 37 :
- SYMM 05 & 0.1M|C|A|B
SEE LEAD OPTION ¢ 48X 033 = 0.05|C

4219044/D 02/2022

NOTES:

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

This drawing is subject to change without notice.

The package thermal pad must be soldered to the printed circuit board for optimal thermal and mechanical performance.
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EXAMPLE BOARD LAYOUT

RGZ0048A VQFN - 1 mm max height
PLASTIC QUADFLAT PACK- NO LEAD

| 2X (6.8)
i (35.15) i
| |

SYMM
48X (0.6) 48 ¢ 37

= [ 1000806000800 1
| &
o

:
|
o O O o o D
|
|
T
|

.
akeRaiul

O

%%%%% el -2+

[I] (1.26)
o D A=
| |

BB

(1.065)

°  g-—g——yod

25

ﬂﬂ@@ﬂ%ﬁﬁ%ﬁﬁ +++++++

2X (1.26) — X (1.065)
2X (5.5)

LAND PATTERN EXAMPLE
SCALE: 15X

{}

(R0.05) |
TYP

g

-
|

21X (@0.2) VIA
TYP

0.07 MIN SOLDER MASK

0.07 MAX
ALLAROUND‘*WT’ ALLAROUND’H:“Y///ﬁOPENWG
E

EXPOSED METAL ( XPOSED METAL
~ ofe|L— METAL +////7

/ I
SOLDER MASK l»)\\411\/|ETA|_UNDER

OPENING  noN SOLDER Mask SOLDER MASK SOLDER MASK
DEFINED DEFINED
(PREFERRED)

SOLDER MASK DETAILS 4219044/D 02/2022

NOTES: (continued)

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

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

RGZ0048A VQFN - 1 mm max height
PLASTIC QUADFLAT PACK- NO LEAD

| 2X (6.8) |
} SYMM (C11.06) \
48X (0.6) 48 |

L 88088380660
f@ . . %

@) O Q

O ———
©)

@ @ (02.6)3(3)
DO |o O d)

| |
|
I |
/ﬂb | ¢,Cpl
(R0.05) | [1] 0 $ w w (1]
|

Bo0e0B0R000g

| 2X (5.5) |

O

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

EXPOSED PAD
67% PRINTED COVERAGE BY AREA
SCALE: 15X

4219044/D 02/2022

NOTES: (continued)

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

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

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you
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 or other applicable terms available either on ti.com or provided in conjunction with
such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable warranties or warranty disclaimers for
TI products.

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

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2022, Texas Instruments Incorporated



Looking for pricing, stock, or lifecycle information?

Click below to explore more details on WIN SOURCE:

© View MSP430FG4270IRGZR on WIN SOURCE

@ |! exas Instrument§ Information

Optimize Your Supply Chain with WIN SOURCE Solutions

Global Sourcing Solution
Obsolete Management
Cost Control Management
Shortage Management
Alternative Solution

Excess Inventory Management
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