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MIXED SIGNAL MICROCONTROLLER

FEATURES

Ultra-Low Supply Voltage (ULV) Range
- 09Vto 15V (1 MHz)

— 15Vto 1.65V (4 MHz)

Low Power Consumption

— Active Mode (AM): 45 pA/MHz (1.3 V)
— Standby Mode (LPM3, WDT_A Mode): 6 pA
— Off Mode (LPM4): 3 uA

Wake-Up From LPMx in Less Than 5 us
16-Bit RISC Architecture

— Extended Instructions

— Up to 4-MHz System Clock

Compact Clock System

— 1-MHz Internal Trimmable High-Frequency
Clock

— 20-kHz Internal Low-Frequency Clock
Source

— External Clock Input

16-Bit Timer0_A3 With Three Capture/Compare
Registers

16-Bit Timerl A3 With Three Capture/Compare
Registers

ULV Analog Pool Modes

— 8-Bit Analog-to-Digital Converter (ADC)
— 8-Bit Digital-to-Analog Converter (DAC)
— Programmable Comparator (COMP)

— Supply Voltage Monitor (SVM)

— Temperature Sensor

— Internal Reference Voltage Source

DESCRIPTION

ULV Port Logic

— Vg Better Than 0.15V at 2.5 mA

— Vpou Better Than Ve — 0.15V at 1 mA
TimerO PWM Signal Available on All Ports
Timerl PWM Signal Available on All Ports
ULV Brownout Circuit (BOR)

ULV RAM Retention Voltage Below BOR Level
32-Bit Watchdog Timer (WDT-A)

Bootstrap Loader in MSP430L092
Development/Prototyping Device

Full Four-Wire JTAG Debug Interface
Family Members Include
- MSP430C091

— 1KB ROM Memory

— 128 Bytes RAM + 96 Bytes CRAM
(Lockable)

- MSP430C092
— 2KB ROM Memory
— 128 Bytes RAM + 96 Bytes CRAM
(Lockable)
— MSP430L092
— 2KB Loader ROM With Service
Functions
- 2KB RAM
(1792 + 128 + 96 Bytes Lockable)

For Complete Module Descriptions, See the
MSP430x09x Family User’'s Guide (SLAU321)

The Texas Instruments MSP430 family of ultra-low-power microcontrollers consists of several devices featuring
different sets of peripherals targeted for various applications. The architecture, combined with 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 internal oscillators allow wake-up from low-power modes to active mode in less than 5 ps.

The MSP430C09x and MSP430L092 series are microcontroller configurations with two 16-bit timers, an
ultra-low-voltage 8-bit analog-to-digital (A/D) converter, an 8-bit digital-to-analog (D/A) converter, and up to 11 I/O
pins.

Typical applications for this device include single-cell systems requiring a full analog signal chain.

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

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of the Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.
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ORDERING INFORMATION®

T PACKAGED DEVICES®
PLASTIC 14-PIN TSSOP (PW)
MSP430C091SPW
0°C to 50°C MSP430C092SPW
MSP430L092SPW

(1) For the most current package and ordering information, see the
Package Option Addendum at the end of this document, or see the
Tl web site at www.ti.com.

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

Pin Designation, MSP430C091PW, MSP430C092PW

PW PACKAGE
(TOP VIEW)
TCK/P2.0/TA0.2/TA1.2[TA1.1 [T} 10O 14 [T] P1.6/TA0.2/TA1.2/TA1.1
TMS/P2.1/TA0.2/TA1.2/TA0.1 [T] 13 [T P1.5/TA0.2/TA1.2/TA0.1
TDI/P2.2/TA0.2/TA1.2/CxOUT/CCI0.0 [T] 12 [T P1.4/TA0.2/TA1.2/MCLK/AO/TA1CLK
TDO/P2.3/TA0.2/TA1.2/CCI1.0 [T 11 [0 Ve
RST/NMI/SVMOUT [T 10 [T Vsg/GND
P1.0/TA0.2/TA1.2/ACLK/CCI10.1/A2/CLKIN [T 9 [T P1.3/TA0.2/TA1.2/CxOUT/CCI1.0/VREF/A3
P1.1/TA0.2/TA1.2/SMCLK/CCI1.1/A1/TAOCLK [T 8 [I] P1.2/TA0.2/TA1.2/ACLK/CCIO0.0/AOUT/A3

~NoO OO WDN

Functional Block Diagram, MSP430C092PW, MSP430C091PW

RST/NMI/SVMOUT Ve GND/Vss P1.0..P1.6 P2.0..P2.3
[} [}
[} [}
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: MCLK H
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] 0 [}
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’ Working | 0
H Registers | H
[ ] i [}
[} E [}
[ ] ! [ ]
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T™S, TCK, & : H
101, TDo — ¥ 4W-ITAG ; Analog- '
’ l : Timer0_A3 Timer1_A3 Pool H
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CORE | _Bi -Bit ,
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:
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Pin Designation, MSP430L092PW

TCK/P2.0/TA0.2/TA1.2/TA1.1 [T
TMS/P2.1/TA0.2/TA1.2/TA0.1 [T}
/TDI/P2.2/TA0.2/TA1.2/CxOUT/CCIO0.0 [T]
TDO/P2.3/TA0.2/TA1.2/CCI1.0 [T]
RST/NMI/SVMOUT [T}
P1.0/TA0.2/TA1.2/ACLK/CCI0.1/A2/CLKIN [T

P1.1/TA0.2/TA1.2/SMCLK/CCI1.1/A1/TAOCLK [T

8

PW PACKAGE
(TOP VIEW)
10 14
2 13
3 12
4 1"
5 10
6 9
7

T] P1.6/TA0.2/TA1.2/TA1.1

T] P1.5/TA0.2/TA1.2/TA0.1

T] P1.4/TA0.2/TA1.2/MCLK/AO/TA1CLK

I| Vee

T] Vss/GND

1] P1.3/TA0.2/TA1.2/CxOUT/CCI1.0/VREF/A3

[T] P1.2/TA0.2/TA1.2/ACLK/CCI0.0/AOUT/A3

Functional Block Diagram, MSP430L092PW
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Table 1.

Terminal Functions

TERMINAL

NAME

NO.

170w DESCRIPTION

TCK/P2.0/TA0.2/TAL.2/TAL1.1

JTAG test clock

General-purpose digital I/0

Timer0_A3 Out2 output

/0 | Timerl_A3 Out2 output

Timerl_A3 Outl output

Timer0_A3 CCR2 capture: CCI2A input, compare
Timerl_A3 CCR2 capture: CCI2A input, compare

TMS/P2.1/TA0.2/TA1.2/TA0.1

JTAG test mode select

General-purpose digital I/0

Timer0_A3 Out2 output

/0 | Timerl_A3 Out2 output

Timer0_A3 Outl output

Timer0_A3 CCR2 capture: CCI2B input, compare
Timerl_A3 CCR2 capture: CCI2B input, compare

TDI/P2.2/TA0.2/TA1.2/CCI0.0/CxOUT

JTAG test data input

General-purpose digital I/0

Timer0_A3 Out2 output

/0 | Timerl_A3 Out2 output

Comparator output

Timer0_A3 CCRO capture: CCIOA input, compare
Test clock input

TDO/P2.3/TA0.2/TAL1.2/CCI1.0

JTAG test data output

General-purpose digital I/0

/0 | Timer0_A3 Out2 output

Timerl_A3 Out2 output

Timerl_A3 CCRO capture: CCIOA input, compare

RST/NMI/SVMOUT

Reset input active low
/0 | Non-maskable interrupt input
SVM output

P1.0//TA0.2/TA1.2/ACLK/CCI0.1/A2/CLKIN

General-purpose digital I/0

Timer0_A3 Out2 output

Timerl_A3 Out2 output

/0 | ACLK output

Timer0_A3 CCR1 capture: CCI1B input, compare
Analog input A2 — A-Pool

Input terminal for external clock

P1.1/TA0.2/TA1.2/SMCLK/CCI1.1/A1/TAOCLK

General-purpose digital I/0

Timer0_A3 Out2 output

Timerl_A3 Out2 output

/0 | SMCLK output

Timerl_A3 CCR1 capture: CCI1B input, compare
Analog input A1 — A-Pool

Timer0_A3 clock signal TACLK input

(1) 1=input, O = output, N/A = not available on this package offering

4 Submit Documentation Feedback
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Table 1. Terminal Functions (continued)

TERMINAL
NAME NO.

/o DESCRIPTION

General-purpose digital 1/0

Timer0_A3 Out2 output

Timerl_A3 Out2 output
P1.2/TA0.2/TA1.2/ACLK/CCI0.0/AOUT/A3 8 /0 | ACLK output

Timer0_A3 CCRO capture: CCIOB input, compare
Analog input A3 — A-Pool

Analog output — A-Pool

General-purpose digital 1/0

Timer0_A3 Out2 output

Timerl_A3 Out2 output
P1.3/TA0.2/TA1.2/CxOUT/CCI1.0/VREF/A3 9 /0 | Comparator output

Timerl_A3 CCRO capture: CCIOB input, compare
Analog input A3 — A-Pool

Reference voltage input / output

Vss/GND 10 Analog and digital power supply ground reference

Vee 11 Analog and digital power supply

General-purpose digital 1/0
Timer0_A3 Out2 output
P1.4/TA0.2/TA1.2/MCLK/AO/TALICLK 12 /0 | Timerl_A3 Out2 output
MCLK Output

Analog input AO — A-Pool

General-purpose digital 1/0

Timer0_A3 Out2 output

P1.5/TA0.2/TA1.2/TAO.1 13 /0 | Timerl_A3 OUT2 output

Timer0_A3 OUT1 output

Timer0_A3 CCR1 capture: CCI1A input, compare
General-purpose digital 1/0

Timer0_A3 Out2 output

P1.6/TA0.2/TAL.2/TAL1.1 14 /0 | Timerl_A3 OUT2 output

Timerl_A3 OUT1 output

Timerl_Al CCR1 capture: CCI1A input, compare
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SHORT-FORM DESCRIPTION

CPU | Program Counter | PC/RO
The MSP430 CPU has a 16-bit RISC architecture | Stack Pointor | SPIRT
that is highly transparent to the application. All
operations, other than program-flow instructions, are | Status Register | SRICG1/R2
performed as register operations in conjunction with
seven addressing modes fpr source operand and four | Constant Generator | CG2/R3
addressing modes for destination operand.
. . . . G I-P Regist R4
The CPU is integrated with 16 registers that provide | eneraTTarpose megister |
reduced instruction execution time. The | G -
. . . . . . eneral-Purpose Register | R5
register-to-register operation execution time is one
CyCIe of the CPU clock. | General-Purpose Register | R6
Four of the registers, RO to R3, are dedicated as _
program counter, stack pointer, status register, and | General-Purpose Register | R
constant generator respectively. The remaining S - — g
registers are general-purpose registers. | enerarurpose Register |
Peripherals are connected to the CPU using data, | General-Purpose Register | R9
address, and control buses, and can be handled with
all instructions. | General-Purpose Register | R10
Instruction Set | General-Purpose Register | R11
The instruction set consists of the original 51 | General-Purpose Register | R12
instructions with three formats and seven address
modes. Each instruction can operate on word and | General-Purpose Register | R13
byte data. Table 2 shows examples of the three types
of instruction formats, Table 3 shows the address | General-Purpose Register | R14
modes.
| General-Purpose Register | R15
Table 2. Instruction Word Formats
Dual operands, source-destination e.g., ADD R4,R5 R4 +R5 —> R5
Single operands, destination only e.g, CALL RS8 PC—(TOS), R8 —PC
Relative jump, un/conditional e.g., INE Jump-on-equal bit = 0
Table 3. Address Mode Descriptions
ADDRESS MODE s® | p® SYNTAX EXAMPLE OPERATION
Register o . MOV Rs, Rd MOV R10, R11 R10 — R11
Indexed . o MOV X(Rn), Y(Rm) MOV 2(R5), 6(R6) M(2+R5)— M(6+R6)
Symbolic (PC relative) . ° MOV EDE, TONI M(EDE) — M(TONI)
Absolute . . MOV & MEM, & TCDAT M(MEM) — M(TCDAT)
Indirect . MOV @Rn, Y(Rm) MOV @R10, Tab(R6) M(R10) — M(Tab+R6)
Indirect autoincrement . MOV @Rn+, Rm MOV @R10+, R11 ,\élglf)z: Si‘é
Immediate . MOV #X, TONI MOV #45, TONI #45 — M(TONI)
(1) S =source D = destination
6 Submit Documentation Feedback Copyright © 2010, Texas Instruments Incorporated
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Operating Modes

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

The following six operating modes can be configured by software:
* Active mode (AM)
— All clocks are active
e Low-power mode 0 (LPMO)
— CPU is disabled
— ACLK and SMCLK remain active for all sources
— MCLK is disabled
* Low-power mode 1 (LPM1)
— CPU is disabled

— ACLK and SMCLK remain active (for LF oscillator and CLKIN as source, HF oscillator is mapped to LF
oscillator as source)

— MCLK is disabled
* Low-power mode 2 (LPM2)
CPU is disabled
MCLK is disabled
SMCLK is disabled
ACLK remains active for all sources
* Low-power mode 3 (LPM3)
— CPU is disabled
— MCLK is disabled
— SMCLK is disabled

— ACLK remains active (for LF oscillator and CLKIN as source, HF oscillator is mapped to LF oscillator as
source)

* Low-power mode 4 (LPM4)
— CPU is disabled
— MCLK is disabled
— SMCLK is disabled
— ACLK is disabled
— Oscillators are stopped

LPM2 vs LPM3

If only MCLK is feed by the HF oscillator (SELA # 00, SELS # 00, SELM = 00 of CCSCTLA4 register) the following
behavior is implemented:

e Entering LPM2 turns off the HF oscillator and starts again with the HF oscillator selected for MCLK

» Entering LPMS3 turns off the HF oscillator and starts again with the LF oscillator selected for MCLK

The only difference between LPM2 and LPM3 is the selection of the source for MCLK when re-entering active
mode and, therefore, and the level of power savings.

Copyright © 2010, Texas Instruments Incorporated Submit Documentation Feedback 7
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Interrupt Vector Addresses

The interrupt vectors and the power-up start 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 4. Interrupt Sources, Flags, and Vectors

INTERRUPT SOURCE INTERRUPT FLAG IN?ESRL%NF',T WORD ADDRESS PRIORITY
System Reset
Exfe"r‘évaelr'é’epset WDTIFG® Reset OXOFFFE 15, highest
Watchdog
Vaca riy;t:nr?o';/'vgccess SVMIFG, VMAIFG® (Non)maskable OXOFFFC 14
Use NMIIFG D@ (Non)maskable OXOFFFA 13
Timerl_A3 TAL1CCRO CCIFG0O® Maskable OXOFFF8 12
Timerl_A3 TALCCR1 CCIFG1M®) Maskable OXOFFF6 11
Watchdog Timer_A Interval Timer Mode WDTIFG Maskable OxOFFF4 10
A-Pool CxIFG Maskable OXOFFF2 9
1/0 Port P1 P1IFG.0 to P1IFG.6(M®) Maskable OXOFFFQ 8
Timer0_A3 TAOCCRO CCIFG0®) Maskable OXOFFEE 7
Timer0_A3 TAOCCR1 CCIFG1M®) Maskable OXOFFEC 6
1/0 Port P2 P2IFG.0 to P2IFG.3MG) Maskable OXOFFEA 5
OXOFFES8 4
Reserved Reserved® :
OXOFFEOQ 0

(1) Multiple source flags

(2) Aresetis generated if the CPU tries to fetch instructions from within peripheral space or vacant memory space. (Non)maskable: the
individual interrupt-enable bit can disable an interrupt event, but the general-interrupt enable cannot disable it.

(3) Interrupt flags are located in the module.

(4) Reserved interrupt vectors at addresses are not used in this device and can be used for regular program code if necessary. To maintain
compatibility with other devices, it is recommended to reserve these locations.

8 Submit Documentation Feedback Copyright © 2010, Texas Instruments Incorporated
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Special Function Registers (SFRs)
The MSP430 SFRs are located in the lowest address space and can be accessed via word or byte formats.

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 is not present in device.

Interrupt Enable 1

15 14 13 12 11 10 9 8
| | | | | | | | svmiEe |
r0o r0 r0 r0 r0 r0 r0 rw-0
7 6 5 4 3 2 1 0
| JMBOUTIE | JMBINIE | NMIE VMAEE | OFE | WDTE
rw-0 rw-0 r0 rw-0 rw-0 ro rw-0 rw-0
SVMIE SVM interrupt enable
JMBOUTIE
JMBINIE
NMIIE Nonmaskable-interrupt enable
VMAIE Vacant memory access interrupt enable
OFIE
WDTIE Watchdog-timer interrupt enable. Inactive if watchdog mode is selected. Active if watchdog timer is configured as a
general-purpose timer.
Interrupt Enable 2
15 14 13 12 11 10 9 8
| | | | | | | | svmirc |
r0 ro r0 ro r0 ro r0 rw-0
7 6 5 4 3 2 1 0
| JMBOUTIFG | JMBINIFG | | nmiFe | vvarrg | | ofFc | wpTFG |
rw-0 rw-0 r0 rw-0 rw-0 r0 rw-0 rw-0
SVMIFG Set by SVM when voltage falls below set voltage
JMBOUTIFG
JMBINIFG
NMIIFG Set via RST/NMI pin
VMAIFG Set on vacant memory access
OFIFG
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

Copyright © 2010, Texas Instruments Incorporated Submit Documentation Feedback 9
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Reset Pin Control Register

15 14 13 12 11 10 9 8
r0 ro r0 ro r0 ro r0 ro
7 6 5 4 3 2 1 0
| | | | | SYSRSTRE | SYSRSTUP | SYSNMIES |  SYSNMI |
r0 ro r0 ro rl rl rl rw-0
SYSRSTRE Indicates resistor present on RST pin
SYSRSTUP Indicates pullup on RST pin
SYSNMIES Indicates NMI edge select
SYSNMI NMI enable on RST/NMI pin

Memory Organization

Table 5. Memory Organization

TYPE MSP430C091 MSP430C092 MSP430L092 MSP430L092 (EMU)W
Primary interrupt - 32B 32B 32B 32B
vectors OXOFFEO® — OXOFFFF | OXOFFEQ® — OXOFFFF | OxOFFE0® — OXOFFFF | OXOFFEO® — OXOFFFF
Secondary RAM 0x01C60 — 0X01C7F
interrupt vectors Lockable
Application ROM ROM 864 B 1888 B ROM not available
memory 0xOFC80 — OxOFFDF 0xOF880 — OXOFFDF
Boot Code (BC) / ROM (by T) 128 B (BC) 128 B (BC) 2016 B (Loader) Config/loading by tool
Loader Code 0xOF800 — OXOF87F 0xOF800 — OXOF87F 0xOF800 — OXOFFDF 0xOF800 — OXOF87F
128B 128B 128 B 128 B
RAM memory RAM
0x02380 — 0x023FF 0x02380 — 0x023FF 0x02380 — 0x023FF 0x02380 — 0x023FF
(lockable) 0x01C80 — 0x0237F 0xF900 — OXFFDF
CRAM memory CAM 96 B 96 B 96 B 128 B®
(lockable) 0x01C00 — 0x01C5F 0x01C00 — 0x01C5F 0x01CO00 — 0x01C5F 0x0F880 — OXOF8FF
berivheral s 4 kB 4 kB 4 kB 4 kB
eripnerals 1ze
P 0x00000 — OxO0FFF 0x00000 — OxO0FFF 0x00000 — OXO0FFF 0x00000 — OxO0FFF

(1) The MSP430L092 emulates the MSP430C092 device (MSP430C091 emulation via tool and software).
(2) Not the whole interrupt vector range of CSYS is used on MSP430x09x devices (see Table 4).
(3) Resets and interrupt redirections in RAM with alternate interrupt vectors cannot be emulated .

Start-Up Code (SUC)

The MSP430C09x start-up code checks the password and releases control to the application or enables JTAG
on password match, enters LPM4, and waits for a debug session. The behavior of the SUC is described in the
MSP430L092 Loader Code User's Guide (SLAU324).

Loader Code (Loader)

The MSP430L092 loader checks the presence of an external SPI/I2C memory device containing a valid code
signature, loads validated code into the application LRAM, and starts the application. The loader program uses
P1.2 with an external circuit to pump up the voltage required for SPI memory device readout. For complete
description of the features of the loader and its implementation, see the MSP430L092 Loader Code User's Guide
(SLAU324).
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RAM Memory

The RAM memory is split into three ranges for different purposes: application memory, lockable application
memory, and calibration memory.

Lockable application memory and calibration memory can be protected against accidental erasure by setting a
dedicated lock bit in the special functions register (System Maintenance Register).

Peripherals

Peripherals are connected to the CPU through data, address, and control buses and can be handled using all
instructions. For complete module descriptions, see the MSP430x09x Family User's Guide (SLAU321).

Digital 1/0

There are two 1/O ports implemented: P1 (7 I/O lines) and P2 (4 1/O lines).

» All individual I/O bits are independently programmable.

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

e Programmable pullup or pulldown on all ports.

» Edge-selectable interrupt input capability for all ports on P1 and P2.

» Read/write access to port-control registers is supported by all instructions.

* Ports can be accessed byte-wise (P1 and P2) or word-wise in pairs (P1/P2 combo).

Oscillator and System Clock

The clock system in the MSP430x09x family of devices is supported by the Compact Clock System (CCS)
module that includes support for an internal 20-kHz current-controlled low-frequency oscillator (LF-OSC), an
internal adjustable 1-MHz current-controlled high-frequency oscillator (HF-OSC), and an external clock input from
CLKIN; however, a missing CLKIN signal does not trigger an oscillator failsafe mechanism in this family.

The CCS module is designed to meet the requirements of both low system cost and low power consumption.

The CCS provides a fast turn-on of the oscillators, less than 1 ms. The CCS module provides the following clock

signals:

e Auxiliary clock (ACLK), sourced from the 20-kHz internal LF-OSC, the 1-MHz internal HF-OSC, or CLKIN.

* Main clock (MCLK), the system clock used by the CPU. MCLK can be sourced by same sources made
available to ACLK.

* Sub-Main clock (SMCLK), the subsystem clock used by the peripheral modules. SMCLK can be sourced by
same sources made available to ACLK.

e VLOCLK is an ultra-low-power low-frequency clock that is available as long the device is powered.
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Figure 1. Compact Clock System (CCS) Block Diagram

Watchdog Timer (WDT_A)

The primary function of the watchdog timer (WDT_A) 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.

Table 6. WDT_A Signal Connections

DEVICE CLOCK SIGNAL MODULE CLOCK SIGNAL
ACLK ACLK
SMCLK SMCLK
LF-OSC-CLK VLOCLK
LF-OSC-CLK X-CLK

Compact System Module (C-SYS)

The Compact SYS module handles many of the system functions within the device. These include power-on
reset and power-up clear handling, NMI source selection and management, reset interrupt vector generators, and
configuration management. It also includes a data exchange mechanism via JTAG called a JTAG mailbox that

can be used in the application.

12 Submit Documentation Feedback
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RST/NMI/SVMOUT System

The reset system of the MSP430x09x family features the functions reset input, reset output, NMI input, SVM

output, and SVS input.

Interrupt —»
signals Interrgpt irg > Py
maskable/ -+ Logic
unmaskable >
_)_ nmi |
Reset- P ——» PUC
signals Reset
and LOgiC _>POR
violations > —» BOR
RST/NMI/ * :)— —= SWBOR
SVMOUT ’ —a SWPOR
RSTNMI
clr Brownout
T_ Circuit
& Delay
_‘
"_—)— < from SVM logic
SVMOE »—

SVSEN®= _ )ﬁ —> PortsOn
SVMPD=—— )‘|S€‘t
SVMPO
Figure 2. RST/NMI/SVMOUT and PortsOn Logic Block Diagram
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Table 7. System Module Interrupt Vector Registers

'NTEF;FE%'TSTTVEERCTOR INTERRUPT VECTOR AI\DNDORREDSS OFFSET PRIORITY
No interrupt pending 00h
Brownout (BOR) 02h Highest
SVMBOR (BOR) 04h
RST/NMI (BOR) 06h
DoBOR (BOR) 08h
Security violation (BOR) O0Ah
SYSRSTIV, System Reset DoPOR(POR) 019Eh 0Ch
WDT timeout (PUC) OEh
WDT key violation (PUC) 10h
CCS key violation 12h
PMM key violation 14h
Peripheral area fetch (PUC) 16h
Reserved 18h-3Eh Lowest
No interrupt pending 00h
SVMIFG 02h Highest
SYSSNIV, System NMI VMAIFG 019Ch 04h
JMBINIFG 06h
JMBOUTIFG 08h
Reserved 0Ah-3Eh Lowest
No interrupt pending 00h
NMIFG 02h Highest
SYSUNIV, User NMI OFIFG 019Ah 04h
BERR 06h
Reserved 08h-3Eh Lowest
No interrupt pending 00h
SYSBERRIV, Bus Error 0198h
Reserved 02h-3Eh Lowest
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Timer0_A3

TimerO_A3 is a 16-bit timer/counter with three capture/compare registers. Timer0O_A3 can support multiple
capture/compares, PWM outputs, and interval timing. Timer0O_A3 also has extensive interrupt capabilities.
Interrupts may be generated from the counter on overflow conditions and from each of the capture/compare
registers.

Table 8. Timer0_A3 Signal Connections

INPUT PIN DEVICE INPUT MODULE INPUT MODULE DEVICE OUTPUT OUTPUT PIN
NUMBER NUMBER
SIGNAL SIGNAL MODULE BLOCK | 5 y1pyT SIGNAL SIGNAL
PW PW
7-P1.1 TAOCLK TACLK
ACLK ACLK Ti NA NA
imer
SMCLK SMCLK
7-P1.1 TAOCLK TACLK
3-P2.2 CCl0.0 CCIOA
8-P1.2 CCl0.0 CccloB
v GND CCRO TAO TAO0.0
ss
Vee Vee
13-P15 TAO.1 CCI1A 2-P2.1
6-P1.0 CClo.1 CccCliB 13-P1.5
v GND CCR1 TA1 TAO.1
ss
Vee Vee
1-P20 TAO.2 CCI2A 1-4 — P2.0-P2.3
2-P2.1 TAO.2 CCliz2B 6-9 — P1.0-P1.3
CCR2 TA2 TAO0.2
Vss GND 12-14 — P1.4-P1.6
Vee Vee
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Timerl A3

Timerl A3 is a 16-bit timer/counter with three capture/compare registers. Timerl A3 can support multiple
capture/compares, PWM outputs, and interval timing. Timerl A3 also has extensive interrupt capabilities.
Interrupts may be generated from the counter on overflow conditions and from each of the capture/compare
registers.

Table 9. Timerl_ A3 Signal Connections

INPUT PIN OUTPUT PIN
NUMBER DEVICE INPUT MODULE INPUT MODULE BLOCK MODULE DEVICE OUTPUT NUMBER
SIGNAL SIGNAL OUTPUT SIGNAL SIGNAL
PW PwW
12-P1.4 TA1CLK TACLK
ACLK ACLK Ti NA NA
imer
SMCLK SMCLK
12 -P1.4 TA1CLK TACLK
4-pP2.3 CCI1.0 CCIOA
9-P13 CCl1.0 CccloB TA1.0
v GND CCRO TAO
ss
Vee Vee
14 - P1.6 TAl.1 CCI1A 1-P20
7-P1.1 CCl1.1 CccCliB TAl.1 14 - P1.6
v GND CCR1 TAl
ss
Vee Vee
1-P20 TA1.2 CCI2A 1-4 — P2.0-P2.3
2-P2.1 TA1.2 CCliz2B 6-9 — P1.0-P1.3
CCR2 TA2 TAL1.2
Vss GND 12-14 — P1.4-P1.6
Vee Vee
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A-Pool

The analog functions pool (A-Pool) provides a series of functions that can be configured to a digital-to-analog
converter (DAC), multichannel analog-to-digital converter (ADC), supply voltage supervisor (SVS), and

comparator. Input voltage dividers and an internal reference source allow a wide range of combined analog
functions.

PSELXx
4
0000
VREFEN REFON 0001
goot CMPON  OSWP DFﬁTX
0011
Reference 0100 —» CxIFG logic
VRer—0 256m\V 0101 + z - J
oy o5 .’ﬂ —_Glitching » CxOUT
] -< xCLK .
—@ from AZ-logic »gt/g:IDFEG logic
OSEL DBON ODEN
NSELx )
AO—AMA, ﬂ > » Aout
INSIAAA EOCIFG logic
A2— NN
AS—VWV VLOCLK
MCLK
Vce | Vee SMCLK = CBSTP
6R ':'
9 Pre-Scaler = SBSTP
by 1/2/4/8/16/32 = TBSTP
R | | TI§ ook TAO.1
D/A-8 CLKDIVx Logic
TAO0.0
[ % % % % R (L T3 xeLk = TAOEN
ADC-DAC-SAR-REG[ | & TA1EN
Up-Dn Counter (e J TA1.0
‘ ‘ Start Stop Logic
I

APVDIV Register CONVON 1 SLOPE SAREN

MDB and buffer register

Figure 3. A-Pool Block Diagram
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Versatile I/O Port P1, P2

The versatile I/O ports P1 and P2 feature device-dependent reset values. The reset values for the MSP430x09x

devices are shown in Table 10.

Table 10. Versatile Port Reset Values

NLPJal;-I;R PxOUT PxDIR PxREN PxSELO PxSEL1 RESET | PORTS ON COMMENT
P1.0 0 0 0 0 0 PUC yes P1.0, input
P11 0 0 0 0 0 PUC yes P1.1, input
P1.2 0 0 0 0 0 PUC yes P1.2, input
P1.3 0 0 0 0 0 PUC yes P1.3, input
P14 0 0 0 0 0 PUC yes P1.4, input
P15 0 0 0 0 0 PUC yes P1.5, input
P1.6 0 0 0 0 0 PUC yes P1.6, input
P1.7 - - - - - - - -
P2.0 1 0 1 1 1 BOR no JTAG TCK, input, pullup
P2.1 1 0 1 1 1 BOR no JTAG TMS, input, pullup
pP2.2 1 0 1 1 1 BOR no JTAG TDI, input, pullup
P2.3 0 1 0 1 1 BOR no JTAG TDO, output, pullup
Peripheral File Map
Table 11. Peripherals
MODULE NAME REGISTER DESCRIPTION REGISTER BASE OFFSET
ADDRESS
Timerl_A interrupt vector TALIV 2Eh
Capture/compare register 2 TA1CCR2 16h
Capture/compare register 1 TA1CCR1 14h
Capture/compare register O TA1CCRO 12h
Timerl_A3 Timerl_A register TALR 10h
Capture/compare control 2 TA1CCTL2 06h
Capture/compare control 1 TA1CCTL1 04h
Capture/compare control 0 TAL1CCTLO 02h
Timerl_A control TALCTL 00h
TimerQO_A interrupt vector TAOIV 2Eh
Capture/compare register 2 TAOCCR2 16h
Capture/compare register 1 TAOCCR1 14h
Capture/compare register 0 TAOCCRO 12h
Timer0_A3 Timerl_A register TAOR 10h
Capture/compare control 2 TAOCCTL2 06h
Capture/compare control 1 TAOCCTL1 04h
Capture/compare control 0 TAOCCTLO 02h
Timerl_A control TAOCTL 00h
18 Submit Documentation Feedback Copyright © 2010, Texas Instruments Incorporated
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Table 11. Peripherals (continued)

MODULE NAME REGISTER DESCRIPTION REGISTER ADB£I§§SS OFFSET
Port P2 interrupt Flag P2IFG 1Dh
Port P2 interrupt enable P2IE 1Bh
Port P2 interrupt edge select P2IES 19h
Port P2 interrupt vector word P2Iv 1Eh
Port P2 Port P2 selectfon 1 P2SEL1 0200h 0Dh
Port P2 selection 0 P2SELO 0Bh
Port P2 pullup/pulldown enable P2REN 07h
Port P2 direction P2DIR 05h
Port P2 output P20OUT 03h
Port P2 input P2IN 01lh
Port P1 interrupt Flag P1IFG 1Ch
Port P1 interrupt enable PlIE 1Ah
Port P1 interrupt edge select P1lIES 18h
Port P1 interrupt vector word P1IV OEh
Port P1. Port P1 selectfon 1 P1SEL1 0200h 0Ch
Port P1 selection 0 P1SELO 0Ah
Port P1 pullup/pulldown enable P1REN 06h
Port P1 direction P1DIR 04h
Port P1 output P1OUT 02h
Port P1 input P1IN 00h
Analog pool interrupt vector register APIV 1Eh
Analog pool interrupt enable register APIE 1Ch
Analog pool interrupt flag register APIFG 1Ah
Analog pool fractional value buffer APFRACTB 16h
Analog pool fractional value register APFRACT 14h
A-POOL Analog pool integer value buffer APINTB 01A0h 12h
Analog pool integer value register APINT 10h
Analog pool voltage divider register APVDIV 06h
Analog pool operation mode register APOMR 04h
Analog pool control register APCTL 02h
Analog pool configuration register APCNF 00h
Reset vector generator SYSRSTIV 1Eh
System NMI vector generator SYSSNIV 1Ch
User NMI vector generator SYSUNIV 1Ah
Bus error vector generator SYSBERRIV 18h
System Configuration register SYSCNF 10h
CSYS JTAG mailbox output register #1 SYSIJMBO1 0180h OEh
JTAG mailbox output register #0 SYSIJMBOO 0Ch
JTAG mailbox input register #1 SYSJMBI1 0Ah
JTAG mailbox input register #0 SYSJMBIO 08h
JTAG mailbox control register SYSIJMBC 06h
System control register SYSCTL 00h
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Table 11. Peripherals (continued)

MODULE NAME REGISTER DESCRIPTION REGISTER ADB£|§§SS OFFSET
CCS control 15 register CCSCTL15 1Eh
CCS control 8 register CCSCTL8 10h
CCS control 7 register CCSCTLY OEh
ces CCS control 5 regfster CCSCTL5 0160h 0Ah
CCS control 4 register CCSCTL4 08h
CCS control 2 register CCSCTL2 04h
CCS control 1 register CCSCTL1 02h
CCS control O register CCSCTLO 00h
WDT_A Watchdog timer control WDTCTL 0150h 0Ch
PMM PMM control 0 PMMCTLO 0120h 00h
ET-Wrapper ET Key and select ETKEYSEL 0110h 00h
SFR Reset pin control register SFRRPCR 04h
Special Functions SFR interrupt flag register SFRIFG1 0100h 02h
SFR interrupt enable register SFRIE1 00h
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Absolute Maximum Ratings®
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

Voltage applied at V¢ referenced to Vss (Vamr) -0.3Vto1.90V

Voltage applied to any pin (references to Vgs) 03VioVec* 03V
-0.3Vto 190V

Diode current at any device pin® +2.5 MA

Current derating factor when 1/O ports are switched in parallel electrically and logically©) 0.9

Storage temperature range ) -55°C to 150°C

ESD tolerance, Human-Body Model (HBM) 2000 V

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

(2) All voltages referenced to Vgs.

(3) The diode current increases to +4.5 mA when two pins are connected, + 6.75 mA for three pins.

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

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

MIN  NOM MAX | UNIT
Ve Supply voltage during program execution 0.9 1.65 \%
Vss Supply voltage (GND reference) 0 \%
Ta Operating free-air temperature 0 50| °C
Cvcc Capacitor on Vcc 470 nF
(0( Vee > 09V, ¢ 2450 ns, t 2450 ns 1 MHz
£§Y5TEM System operating frequency ce Low HIGH
Vee > 1.5V, t ow 2 113 ns, tyigy = 113 ns 4 MHz

(1) The MSP430 CPU is clocked directly with MCLK. Both the high and low phase of MCLK must not exceed the pulse width of the
specified maximum frequency.
(2) Modules may have a different maximum input clock specification. Refer to the specification of the respective module in this data sheet.
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Active Mode Supply Current (Into Vc) Excluding External Current®®
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS Vce Ta MIN TYP  MAX| UNIT
09V 59 68
fmeik = fsmork = 1 MHz, faci = 20 kHz,
Program executes in RAM, 13V 0°C 72 84
CPUOFF =0, SCG0 = 0, SCG1 = 0, OSCOFF =0 165V 86 101
09V 59 68
fmeik = fsmork = 1 MHz, faci = 20 kHz,
|AM, 1MHz Program executes in RAM, 1.3V 30°C 72 84| MA
CPUOFF =0, SCG0 = 0, SCG1 = 0, OSCOFF =0 165V 86 101
09V 60 70
fmeik = fsmork = 1 MHz, facik = 20 kHz,
Program executes in RAM, 13V 50°C 74 87
CPUOFF =0, SCG0 = 0, SCG1 = 0, OSCOFF =0 165V 88 105
fMCLK = fSMCLK =125 kHZ, fACLK =20 kHZ, 09V 31 35
Program executes in RAM, 1.3V 0°C 33 38
CPUOFF =0, SCG0 = 0, SCG1 = 0, OSCOFF =0 165V 37 42
fMCLK = fSMCLK =125 kHZ, fACLK =20 kHz 09V 31 35
|AM, 125kHzZ Program executes in RAM 1.3V 30°C 33 38| MA
CPUOFF =0, SCG0 = 0, SCG1 = 0, OSCOFF =0 165V 37 42
fMCLK = fSMCLK =125 kHZ, fACLK =20 kHZ, 09V 32 37
Program executes in RAM, 1.3V 50°C 35 41
CPUOFF =0, SCG0 = 0, SCG1 = 0, OSCOFF =0 165V 20 48
fMCLK = fSMCLK :1to 5 MHz, fACLK =20 kHz A
Iam/MHz Program executes in RAM, CPUOFF = 0, SCGO0 =0, 1.3V 30°C 45 I\L/I1H2
SCG1 =0, OSCOFF =0
(1) Allinputs are tied to 0 V or to Vcc. Outputs do not source or sink any current.
(2) Characterized with program executing typical data processing "Type2".
Low-Power Mode Supply Current (Into V) Excluding External Current®®
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
PARAMETER TEST CONDITIONS Vee Ta MIN TYP  MAX| UNIT
09V 6.6 8
1.3V 0°C 7.6 9
1.65V 8.6 11
09V 7 9
fmeik = fsmerk = 1 MHZ, facik = 20 kHz o
ILpwmo CPUOFF = 1, SCGO = 0, SCG1 = 0, OSCOFF = 0 13v s0°C 83 111 A
1.65V 9.5 12
09V 8.9 12
1.3V 50°C 11 14
1.65V 12 17
09V 6.6
1.3V 0°C 7.6
1.65V 8.6 11
09V 7 9
fmeik = fsmerk = 1 MHZ, facik = 20 kHz o
lpwmz CPUOFF = 1, SCGO = 1, SCG1 = 0, OSCOFF = 0 13v s0°C 83 11} A
1.65V 9,5 12
09V 8.9 12
1.3V 50°C 11 14
1.65V 12 17

(1) Current for WDT clocked by ACLK included.
(2) Current for Brownout included.
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Low-Power Mode Supply Current (Into V) Excluding External Current®®@ (continued)

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

PARAMETER TEST CONDITIONS Vee Ta MIN  TYP MAX| UNIT
09V 26 30
13V 0°C to 30°C 28 32
ILpM2, 1Mz fCMFC>LLJK0=|:|f:S“£C1LKszcle'vloH—Z 'ongLéezll—MF ZOSCOFF =0 = " " KA
’ =1, =0, =1, = 09V 28 32
13V 50°C 30 35
1.65V 32 38
09V 6.6 8
13V 0°C 7.6 10
1.65V 8.6 11
09V 7 10
ILpwm2,20KHz @Fc’bKo:FIf:S“iclLfs:cfg% K=:o,2 Soa: = 1, OSCOFF = 0 L3V s0°C 83 12] A
1.65V 9.5 13
09V 8.9 13
13V 50°C 11 15
1.65V 12 17
09V 6.6
13V 0°C 7.6
1.65V 8.6 11
09V 7.1 9
ILpws @Fc’bKo:FIf:S“iclLfs:cfg% K=:12 Soa: = 1, OSCOFF = 0 L3V s0°C 83 11 A
1.65V 9.5 12
09V 8.9 12
13V 50°C 11 14
1.65V 12 17
09V 32 47
13V 0°C 5.1 6.3
1.65V 6.5 8
09V 4 5.7
Ipma @Fc’bKo:FIf:S“iclLfs:cfg% K=:12 gggi =1, OSCOFF = 1 L3V 30°C 6 791 WA
1.65V 7.8 10
09V 6 8.9
13V 50°C 8.6 12
1.65V 11 16
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Ports P1 and P2, RST/NMI/SVMOUT
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT

Vee = 0.9V, loy = =1 mA® for ports P1, P2 Vee —0.25

Vou Vee = 1.65 V, loy = —1 mA® for ports P1, P2 Vee —0.15 Y
Vee = 0.9V, loy = =300 pA® for ports P1, P2 Vee —0.15
Vee = 0.9V, lg. = 2.5 mA®@ for ports P1, P2 0.2

VoL Vee = 1.65 V, I = 2.5 mA®@ for ports P1, P2 015 V
Vee = 0.9V, I, = 300 pA® for ports P1, P2 0.07

Vi Vee = 1.65V 0.3 x Ve v
Vec =09V 0.25 x Ve

Vi Vee = 1.65V 0.7 x Ve v
Vec=0.9V 0.75 x Ve

Vhys Intrinsic hysteresis 150 mV
Ve =09V, CL =15 pF || R, =750 Q to Vgg on Vg for ports P1, P2 75
Vce=0.9V, CL=15pF || R =320 Q to V¢ on Vg, for ports P1, P2 75

At/Av ns/\V
Vce =1.65V, C. =25 pF || R = 1600 Q to Vgs on Vy for ports P1, P2 75
Ve =165V, C. =25 pF || R. =600 Q to Vgg on Vg, for ports P1, P2 75

loH Vce = 0.9 Vto 1.65 V for ports P1, P2 -1 mA

loL Vce = 0.9 Vto 1.65 V for ports P1, P2 25 mA

ILkG Vee = 0.9 Vto 1.65 V (at 50°C) +100| nA

tNT PO.X, Vcc = 0.9V to 1.65V 200 ns

RpuLL For pullup: VIN = Vgs, For pulldown: VIN = V¢ for ports P1, P2 30 35 40| kQ

RrsT Pullup on RST/NMI/SVMOUT 30 35 40| kQ

Rext External pullup resistor on RST terminal (optional) 680 kQ

G ViN = Vss or Ve 7 pF

(1) The maximum total current oy, for all outputs combined should not exceed 5 mA to hold the maximum voltage drop specified.
(2) The maximum total current I, for all outputs combined should not exceed 15 mA to hold the maximum voltage drop specified.

24 Submit Documentation Feedback Copyright © 2010, Texas Instruments Incorporated


http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLAS673 &partnum=MSP430L092 

i TS MSP430L092

INSTRUMENTS MSP430C09x

www.ti.com SLAS673 —SEPTEMBER 2010

Typical Characteristics — Outputs

TYPICAL LOW-LEVEL OUTPUT VOLTAGE TYPICAL HIGH-LEVEL OUTPUT VOLTAGE
Vs Vs
OUTPUT CURRENT OUTPUT CURRENT
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Figure 4. Figure 5.
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OUTPUT CURRENT OUTPUT CURRENT
3 i 0 \
< - Ve =165V
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/
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V,, — Low-Level Output Voltage — V V., — High-Level Output Voltage — V
Figure 6. Figure 7.
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Typical Characteristics — Outputs (continued)

TYPICAL LOW-LEVEL OUTPUT VOLTAGE TYPICAL HIGH-LEVEL OUTPUT VOLTAGE
Vs Vs
LARGE SIGNAL OUTPUT CURRENT LARGE SIGNAL OUTPUT CURRENT
16 T 0 T
< Ve =165V < V. =1.65V /
£ £
T 14 /| A /
€ / Tt /
g e
5 12 5 4
(&) o /
g10 4 g /
=] o =} o,
5] 0°C A 3 30°C /
3 8 ° -8
> >
Q (]
3 = /
g 6 -S’ -10 /
-l T /
T 4 3 12
N / e /
2, / = .
IJ 1 -14 /
0 -16
0 0.05 0.1 0.15 0.2 0.25 0.8 1 1.2 14 1.6 1.8
V,.— Low-Level Output Voltage — V Vou — High-Level Output Voltage — V
Figure 8. Figure 9.
TYPICAL LOW-LEVEL INPUT VOLTAGE TYPICAL LOW-LEVEL INPUT VOLTAGE
VS VS
SUPPLY VOLTAGE SUPPLY VOLTAGE
0.65 0.8
> > o
! 0.6 ! 0C
S ‘%, 0.75 30°C
£ 2 50°C
S 055 >
s 5 07
2 2 A
c c
= 05 -
s 2 065
3 oas i 7
g > oy
S T %
- T o6 /
S 04 8 /
a 50°C a /
> >
il 30°C/ K 055 /
1,035 | oo e 7
> >
0.3 0.5
0.8 1 1.2 1.4 1.6 1.8 0.8 1 1.2 1.4 1.6 1.8
V.. — Supply Voltage — V V.. — Supply Voltage — V
Figure 10. Figure 11.
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High-Frequency Oscillator
es of supply voltage and operating free-air temperature (unless otherwise noted)

over recommended ran

PARAMETER TEST CONDITIONS MIN TYP  MAX| UNIT
furosc Vce = 0.9 V to 1.65 V (minimum trim range via register) 0.75 1 1.25| MHz
fHFOSC Vee = 09Vtol65V (trimmed at SOOC) 0.92 1 1.08| MHz
Duty cycle Vec=09Vio 165V 45 50 55| %
tSTART Vee=09Vio 165V 20| s
AfHFOSC/DT Vee = 09Vtol65V, fHFOSC =1MHz +0.07 +0.15| %/°C
AfHFOSC/AVCC Vee = 1.0Vto1.65V, fHFOSC =1MHz +1 %IV
AfHFOSC/AVCC Vee = 090Vtol0V, fHFOSC =1MHz +1 +2.5 %IV

0,
Afirosc/CALSTEPM Vee = 0.9 V10 1.65 V, fuposc = 1 MHz, +64 calibration steps 0.1 1 4 St/"e’p
IOSC VCC =09Vtol65V, fHFOSC =1 MHz 22 l.lA
(1) Normalized to typical frequency
Typical Characteristics — High-Frequency Oscillator
FREQUENCY vs TRIM SETTING
2500
VCC =13V
N 2000 \
I
-
I
>
2 1500 \
g \
T
e \
* 1000 ~
~—_
\
\\
T —
500
0 16 32 48 64 80 96 112 128
Value in CCSCTL2 Register
Figure 12.
FREQUENCY vs TEMPERATURE
1.02
2 1.01
2
g Vee
g 09V
w 1F 13V
) 1.65V
[=
(] \
=]
g
r 099
0.98
0 10 20 40 50
T, — Temperature — °C
Figure 13.
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Low-Frequency Oscillator
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP  MAX| UNIT
fLrosc Vec=0.9Vto1.65V 6 20 45| kHz
Duty cycle Vec=09Vio 165V 45 50 55| %
tSTART Vec=09Vio 165V 500| us
losc Vee =0.9 V10 1.65 V, firosc = 20 kHz 0.6 A

Typical Characteristics — Low-Frequency Oscillator
FREQUENCY vs TEMPERATURE

40.0
VCC
09V
N 300 — 1.0V
< //
3 / 13V
c
§ /// 165V
g .
£ 200 b——— /
"]
10.0
0 10 20 30 40 50 60

T, — Temperature — °C

Figure 14.

Brown-Out Reset (BOR)

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

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
VBoR(start) 490 mv
V(BOR_IT+) Ve rising, AVec/At < 3 V/s 1095 1150| mVvV
V(BOR IT-) Vcc falling, AVec/At < 3 Vs 860 900 | mVv
Viys(BOR) 200 mv
VMARGIN Vmarain = Vigor-io) — Veri: (Verit < 820 mv) @) 40 mv
ta@oR) 3000(2) us

(1) VcriTis a temperature depending voltage where the single components of the device become unreliable (the 'L092 provides a safety

margin to ensure overall device function).
(2) Strongly depends on voltage ramp in system (actually a maximum typical value).
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A-POOL, External

over recommended ran

Reference Source

es of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT
Veer Vce = 0.9 Vto 1.65 V, ADC / DAC operational 100 275| mVv
Vce = 0.9 Vto 1.65 V, ADC / DAC not operational 0 Ve \%
IREF(Input) Vce =0.9 Vto 1.65 V, load to external sinks 3 HA
Crer REFON =0 20 50| pF
A-POOL, Built-In Reference Source
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT
VRer Vee =0.9 Vto 1.65 V (21.5%, overall 3%) 256 mvV
Irer Vee=0.9Vito1.65V 10 HA
Crer REFON =1 20 50| pF
Trer Vee = 0.9 V o 1.65 V (AV/AT x Vpgr referenced to 25°C) +250 popg‘/
tseTTLE Ve = 0.9 V to 1.65 V, REFON = 1, Crer = Crer(max)® 900 ps
IREF(Outpu) Vee = 0.9 Vto 1.65 V, REFON = 1, Crer = Crer(max) 2 HA

(1) As the actual on reference enable signal is synchronized with the LF oscillator.
Typical Characteristics — A-POOL Built-In Reference Source

VOLTAGE vs TEMPERATURE

258

256 mV)

257

256

255

V. — Reference Voltage (TYP
=

254

0 10 20 30 40
T, — Temperature — °C

Figure 15.

50 60
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A-POOL, Temperature Sensor

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

PARAMETER TEST CONDITIONS MIN TYP  MAX| UNIT
ISENSOR Vee = 09Vtol65V 2 HA
TCsensoR Ve =09V 10 1.65V, Tp = 0°C to 50°C (AV/AT referenced to 30°C) 464 pv/°C
VOFFSET25 Vee = 0.9Vtol65VatTy=30°C 179 mV
tSETTLE Vce = 0.9 V to 1.65 V (before start of conversion) 15| us
Vsensor ™ Vee =0.9 Vto 1.65 V, Tp = 0°C to 50°C 179 mv

(1) This formula can be used to calculate the temperature sensor output voltage: Vsensor = Vorrset2s + TCsensor X (Ta — 30°C).

A-POOL, Input Voltage Dividers

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

PARAMETER TEST CONDITIONS MIN TYP  MAX| UNIT

Any Rx in dividers +1.5

ARX/RX - - — %
Any Rx across switches and internal supply voltage divider (by 4, by 8) +2
On A0/A1 , VAO/VAL = 0.5V, ADIVO/ADIV1 = 1 (500-mV range) 120 200 300

RIN On A2/A3 , VA2/VA3 = 0.5V, ADIV2/ADIV4 = 1 (1-V range) 80 133 190| kQ
On A2/A3 , VA2/VA3 = 0.5V, ADIV2+ADIV3/ADIV4+ADIV5 = 1 (2-V range) 70 114 150

Alyce ADIV7 =1 (supply voltage divider on) 2 MA

A-POOL, DAC-8

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

PARAMETER TEST CONDITIONS MIN TYP  MAX| UNIT
VRer Vec=0.9Vto 1.65V 256 mv
‘ On 1 LSB steps (61), Vcc = 0.9 V to 1.65 V, external Vrgg 2

S
SETTLE Between all codes > 20 on AOUT (61), Vcc = 0.9 V to 1.65 V, external Vger 14 "
Vce = 0.9 Vto 1.65 V, external Vrgr,
El add =7 mV for Vgt offset™® for codes > 7 3| LSB
Vce = 0.9 Vto 1.65 V, external VREF,
ED add =7 mV for Vo offset™® for codes > 7 1| LSB
(1) This offset can be compensated using software.
A-POOL, Comparator
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP  MAX| UNIT
Vin Vec=0.9Vto1.65V 0 275 mv
Overdrive = 20 mV 0.5
tpd Overdrive =5 mV 0.5| us
Overdrive = 1 mV 1
A-POOL, AOUT Terminal
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP  MAX| UNIT
Vour > 50 mVv 5
(accuracy +1% of Vour)
| ILoaD | Vee = 09Vtol65V, CLOAD =25 pF HA
VOUT > 20 mV 2
(accuracy +1% of Voyr)
tseTTLE Vee = 09Vtol65V, CLOAD =25 pF, 1% (6‘[) (for AOUT 20 to 256 mV) 4 us
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A-POOL, ADC-8 Counter

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

PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT
font Vec=09Vto 165V 1| MHz
tconv Full conversion (all codes), fcnt = 1 MHz 256 us
RAM
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT
Vop Operating temperature 0°C to 70°C, fcpy = 1MHz 900 mV
VReT Operating temperature 0°C to 70°C (tracks BOL level) 700 mV
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Port P1, P1.0 Input/Output

PORT SCHEMATICS

[

to Clock System

N\

Ji

r

<<
Q
9]

U U

to A-Pool <«
PSELx=y # NSELx=y
P1REN.x Iﬁ
P1DIR.x 00
01
10 |
11
|~
PortsOn —»
N
P1OUT x -—l—oo\
TA0.2 —01
TA1.2 —10
SMCLK —11

P1SELO.x =
P1SEL1.x l—l—

P1IN.x «

Ay

Module X IN

P1IES.x =+

P1IRQ.x <_C—' P1IE.x

P1IFG.x

P1.0/TA0.2/TA1.2/ACLK/CCI0.1/A2/CLKIN

Table 12. Port P1 (P1.0) Pin Functions

CONTROL BITS/SIGNALS®
PIN NAME (P1.x X FUNCTION
(P1x) P1DIR.x P1SEL1.x P1SELO.x RSE'L’)‘(’ASE

P1.0 (1/0) 1:0, 0:1 0 0 0
Timer_A0.2 1 0 1 0
Timer_Al1.2 1 1 0 0

P1.0/TA0.2/TAL.2/ACLK/

CCI0.1/A2/CLKIN 0 | ACLK L ! ! 0
Timer A0, CCI1B 0 #0 #0 X
A2 X X X 2
CLKIN (via Bypass) X X X X

(1) X =Don'tcare
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Port P1, P1.1 and P1.4 Input/Output

P
: Pad Logic :
to A-Pool < : Di< i
]
PSELx=y # NSELx=y o! 0
1Vss {0 > i
P1DIR.x 00 vee - 1 7 !
o ol -
| ] ]
1 ! '
1 : |
PortsOn —» ' :
N ] [}
P10UT X 00" ] i
TA0.2 —01 " '
TA1.2 10 : ' P1.1/TA0.2/TA1.2/SMCLK/CCI1.1/A1/TAOCLK
0 } ) ) }
from Module 11 0 | P1.4/TA0.2/TA1.2/MCLK/AO/TA1CLK
P1SELO.x = : !
P1SEL1.x - e | /‘L/I ]
P1IN.x < * V7 !
] ]
0 \I '
4 EN e mcc—ee——a
EN2

Module X IN

P1IES.x m— Set

Qj_-
P1IRQ.X <—C P1IFG.x

— @ P1|E.x
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Table 13. Port P1 (P1.1, P1.4) Pin Functions

CONTROL BITS/SIGNALS®
PIN NAME (P1.) X FUNCTION P1DIR.x PISEL1X | P1SELOX RSELL’)((’ASE
P1.1 (1/0) 1:0, 0:1 0 0 0
Timer_A0.2 1 0 1 0
Timer_Al1.2 1 1 0 0
CLYTOIAINCN |y o 1 1 1 o
Al X X X 1
TimerAO CLK X #0 #0 X
Timer A1, CCI1B 0 #0 #0 X
P1.4 (1/0) 1:0, 0:1 0 0 0
Timer_A0.2 1 0 1 0
P1.4/TA0.2/TAL.2/MCLK/ 4 | Timer_A1.2 1 1 0 0
AO/TALCLK MCLK 1 1 1 0
A0 X X X 0
TimerAl CLK 0 #0 #0 X

(1) X =Don't care
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Port P1, P1.2 and P1.3 Input/Output

Pad Logic :

'
]

to A-Pool « : X
PSELx=y # NSELx=y —» -~

from A-Pool : X

\

[ ]
0
'
1
]
from A-Pool o ! :
P1REN — |mmmm
L/ : |
1 Vss— 0 :
! vee— 1 ] )
P1DIR x 00 : '
'
01 _\ 1 ]
10 |/ : 0
'
g ' ]
PortsOn —» : ; :
R ] ]
P10OUT x -—l— 00 ' '
TA0.2 —|01 ' '
TA1.2 10 J : | P1.2/TA0.2/TA1 2/ACLK/CCIO.0/AOUTIA3
i . ) ) )
from Module _% ' ! P1.3TA0.2/TA1.2/CxOUT/CC1.0NREF/A3
P1SELOx ® ! !
P1SEL1.x ® : "
<l l
P1IN X < i \JI !
) |
4 ENT -
Module X IN
P1IES x

Qj_.
P1IRQ.X { P1IFG x

— ®P1IEx
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Table 14. Port P1 (P1.2, P1.3) Pin Functions

CONTROL BITS/SIGNALS®

PIN NAME (P1.%) FUNCTION PIDIRX | P1SELLx | P1SELOX RSE'-L’)‘(/ASE Analog Out
P1.2 (1/0) 1:0, O:1 0 0 0 0
Timer_A0.2 1 0 1 0 0
Timer_Al1.2 1 1 0 0 0
PLATMOATMIAC | 2 ik 1 1 1 : :
Timer AO, CCIOB 0 #0 #0 X X
A3 X X X 3 X
AOUT® X X X X 1
P1.3 (1/0) 1:0, O:1 0 0 0 0
Timer_A0.2 1 0 1 0 0
Timer_Al1.2 1 1 0 0 0
PLYTAOZTALIOOVT |5 | ciour 1 1 1 o :
Timer A1, CCIOB 0 #0 #0 X X
A3 X X X 3 X
VREF® X X X X 1

(1) X =Don't care

(2) An analog output enable overrides the digital output control.
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Port P1, P1.5 and P1.6 Input/Output

. ! -0

P1REN .x -ﬁ_\ ] Pad Logic

|/ : |

1Vss 40 - :

P1DIR.x 00 hee | 1 )

01 ! !

' )

10 [* )—:7 |

)

1 ' |

PortsOn —» : g :

N [] ]

P10OUT x -—Loo\ ] '

TA02 —01 ' '
TA12 —10 : : P1.5/TA0.2/TA1 2/TAO.1
Module X OUT =——{11 ! | P16TAO.2TAT2MTAT ]

P1SELO.X = | !

P1SEL1.x -—l— ' ]

P1IN.X < ° s l

' \I |

EN2

Module X IN

P1IES.x m Set

PriRax «+—(_JaptehFe

Table 15. Port P1 (P1.5, P1.6) Pin Functions

CONTROL BITS/SIGNALS®
PIN NAME (P1.x) X FUNCTION
P1DIR.x P1SEL1.x P1SELO.x

P1.5 (1/0) 1:0, O:1 0 0

Timer_A0.2 1 0 1
P1.5/TA0.2/TA1.2/TAO.1 5 | Timer_Al1.2 1 1 0

Timer AO.1 1 1 1

Timer_A0.CCI1A 0 #0 #0

P1.6 (1/0) 1:0, O:1 0 0

Timer_A0.2 1 0 1
P1.6/TA0.2/TA1.2/TAL1.1 6 | Timer_Al.2 1

Timer Al.1 1

Timer_A1.CCI1A 0 #0 #0

(1) X =Don't care
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Port P2, P2.0 to P2.2, Input/Output

f i '
P2REN.x | Pad Logic
) : '
1Vss 40 . :
P2DIR.x 00 :ch 1 !
'
01 " "
10 )—'7l '
'
px ] '
PortsOn —» ! :
N [} ]
P20UT .x -—L 00> | i
TA0.2 —01 : '
TA1.2 10 : | TCKIP2.0/TAO.2TA1 2TA 1.1
] . . ) )
Module X OUT =——{11 0 i TMS/P2.1/TA0.2/TA1.2/TAO.1
PoSELOY B l : : TDI/P2.2/TA0.2/TA1.2/CxOUT/CCI0.0
P2SEL1.x ® ! !
| /I ]
P2IN.x * \17] "
from JTAG

Module X IN

P2IES.x m— Set

Qj_.
P2IRQ.X { P2IFG.x

— ®P2IE.x
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Table 16. Port P2 (P2.0 to P2.2) Pin Functions

CONTROL BITS/SIGNALS®
PIN NAME (P2.x) X FUNCTION
P2DIR.x P2SEL1.x P2SELO.X | JTAG Mode
P2.0 (1/0) 1:0, O:1 0 0 0
Timer_A0.2 1 0 1 0
TCK/P2.0/TAO.2/ 0 Timer_A1.2 1 1 0 0
TAL2/TAL1 Timer_A1.1 1 1 1 0
Timer_A0.CCI2A and Timer_A1.CCI2A 0 #0 #0 0
JTAG-TCK@®)®) X X X 1
P2.1 (1/0) 1:0, O:1 0 0 0
Timer_A0.2 1 0 1 0
TMS/P2.1/TA0.2/ 1 Timer_A1.2 1 1 0 0
TAL.2/TAO.1 Timer_A0.1 1 1 1 0
Timer_A0.CCI2B and Timer_A1.CCI2B 0 #0 #0 0
JTAG-TMS@®)®) X X X 1
P2.2 (1/0) 1:0, O:1 0 0 0
Timer_A0.2 1 0 1 0
TDI/P2.2/TA0.2ITAL.2/ 5 Timer_A1.2 1 1 Y 0
CxOUT/CCI0.0 CxOuUT 1 1 1 0
Timer_A0.CCIOA 0 #0 #0 0
JTAG-TDIR® ) X X X 1

(1) X =Don'tcare

(2) JTAG signals TMS,TCK and TDI read as "1" when nor configured as explicit JTAG terminals
(3) JTAG overrides digital output control when configured as explicit JTAG terminals

(4) JTAG function with enabled pullup resistors is default after power up
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Port P2, P2.3, Input/Output

P2REN.x lﬁ

P2DIR.x 00
EO‘I
10 ]
from JTAG —>—11/

PortsOn —»

n
P20UT x -—L oo\\l

U

Pad Logic

T

< <
o
o
-~ o

TA0.2 —01
TA1.2 —10
TDO from JTAG —11

P2SELO.x =
P2SEL1.x l—l—

P2IN.x <

to JTAG <—C—‘

Module X IN

P2IES.x m—

P2IRQ.x <—C

P2IFG.x
—® P2|E.x

/\

Table 17. Port P2 (P2.3) Pin Functions

TDO/P2.3/TA0.2/TA1.2/CCI1.0

CONTROL BITS/SIGNALS®

PIN NAME (P2.x) X FUNCTION
P2DIR.x P2SEL1.x P2SELO.x

P2.0 (I/0) 1:0, O:1 0 0
Timer_A0.2 1 0 1

TDO/P2.0/TA0.2/TA1.2/ :

CCI1.0 3 | Timer_Al.2 1 1 0
JTAG-TDO(2)(3) 1 1 1
Timer_A1.CCIOA 0 #0 #0

(1) X =Don'tcare
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PACKAGING INFORMATION

® 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.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

® MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

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

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

Important Information and Disclaimer:The information provided on this page represents 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 Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.
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Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
I Drawing Qty @ (6) (3) (4/5)
MSP430L092SPW ACTIVE TSSOP PW 14 90 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0to 50 L092S
& no Sh/Br)
MSP430L092SPWR ACTIVE TSSOP PW 14 2000 Gg[een s(l;/%H)s CU NIPDAU Level-1-260C-UNLIM 0to 50 L092S
no r



http://www.ti.com/product/MSP430L092?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/MSP430L092?CMP=conv-poasamples#samplebuy
http://www.ti.com/productcontent
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In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
: |
© Bo W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
BO | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O Qf Sprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 I Q4 User Direction of Feed
[ 8
T
A
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
MSP430L092SPWR TSSOP PW 14 2000 330.0 12.4 6.9 5.6 1.6 8.0 | 12.0 Q1
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TAPE AND REEL BOX DIMENSIONS
At
4
///
// S
/\g\‘ /}#\
. 7
~ . /
. T -
Tu e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
MSP430L092SPWR TSSOP PW 14 2000 350.0 350.0 43.0

Pack Materials-Page 2



MECHANICAL DATA

PW (R—PDSO—G14)

PLASTIC SMALL OUTLINE

omg o -
— 075
4§ 0,50
| | = |
vy L i Seating Plane # J_\ /_L
0,15 N
L 1,20 MAX 00E O,WO

4040064-3/G 02/

NOTES: A
B.

E.

Al linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M—-1994.
This drawing is subject to change without notice.

Body length does not include mold flash, protrusions, or gate burrs.
not exceed 0,15 each side.

Body width does not include interlead flash.

Falls within JEDEC MO-183

Mold flash, protrusions, or gate burrs shall

Interlead flash shall not exceed 0,25 each side.
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LAND PATTERN DATA

PW (R—PDSO-G14) PLASTIC SMALL OUTLINE

Stencil Openings
(Note D)

Example Board Layout
(Note C)

|<—1 2x0,65

By s

5,60

(hnanng

/
/
/
j

e =— 140,30
; ——| [=—12x0,65

A
Jouutt

_—l
1
5,60

ittt

Example

Non Soldermask Defined Pad Example
Pad Geometry
"/// (See Note C)
/

Example
Solder Mask Opening
(See Note E)

‘ —l~—10,07 /

4211284-2/G 08/15

All linear dimensions are in millimeters.

Customers should

NOTES: A
B. This drawing is subject to change without notice.
C. Publication IPC—7351 is recommended for dlternate designs.
D. Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release.
contact their board assembly site for stencil design recommendations. Refer to IPC—7525 for other stencil recommendations.
E. Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.
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IMPORTANT NOTICE

Texas Instruments Incorporated (TI) reserves the right to make corrections, enhancements, improvements and other changes to its
semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest issue. Buyers
should obtain the latest relevant information before placing orders and should verify that such information is current and complete.

TI's published terms of sale for semiconductor products (http://www.ti.com/sc/docs/stdterms.htm) apply to the sale of packaged integrated
circuit products that Tl has qualified and released to market. Additional terms may apply to the use or sale of other types of Tl products and
services.

Reproduction of significant portions of Tl information in Tl data sheets is permissible only if reproduction is without alteration and is
accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such reproduced
documentation. Information of third parties may be subject to additional restrictions. Resale of Tl products or services with statements
different from or beyond the parameters stated by Tl for that product or service voids all express and any implied warranties for the
associated TI product or service and is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Buyers and others who are developing systems that incorporate Tl products (collectively, “Designers”) understand and agree that Designers
remain responsible for using their independent analysis, evaluation and judgment in designing their applications and that Designers have
full and exclusive responsibility to assure the safety of Designers' applications and compliance of their applications (and of all Tl products
used in or for Designers’ applications) with all applicable regulations, laws and other applicable requirements. Designer represents that, with
respect to their applications, Designer has all the necessary expertise to create and implement safeguards that (1) anticipate dangerous
consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that might cause harm and
take appropriate actions. Designer agrees that prior to using or distributing any applications that include TI products, Designer will
thoroughly test such applications and the functionality of such Tl products as used in such applications.

TI's provision of technical, application or other design advice, quality characterization, reliability data or other services or information,
including, but not limited to, reference designs and materials relating to evaluation modules, (collectively, “TI Resources”) are intended to
assist designers who are developing applications that incorporate Tl products; by downloading, accessing or using Tl Resources in any
way, Designer (individually or, if Designer is acting on behalf of a company, Designer's company) agrees to use any particular TI Resource
solely for this purpose and subject to the terms of this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its Tl Resources. Tl has not conducted any testing other than that specifically
described in the published documentation for a particular TI Resource.

Designer is authorized to use, copy and modify any individual Tl Resource only in connection with the development of applications that
include the TI product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE
TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS. TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY DESIGNER AGAINST ANY CLAIM,
INCLUDING BUT NOT LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF
PRODUCTS EVEN IF DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL Tl BE LIABLE FOR ANY ACTUAL,
DIRECT, SPECIAL, COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN
CONNECTION WITH OR ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER Tl HAS BEEN
ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

Unless Tl has explicitly designated an individual product as meeting the requirements of a particular industry standard (e.g., ISO/TS 16949
and ISO 26262), Tl is not responsible for any failure to meet such industry standard requirements.

Where TI specifically promotes products as facilitating functional safety or as compliant with industry functional safety standards, such
products are intended to help enable customers to design and create their own applications that meet applicable functional safety standards
and requirements. Using products in an application does not by itself establish any safety features in the application. Designers must
ensure compliance with safety-related requirements and standards applicable to their applications. Designer may not use any Tl products in
life-critical medical equipment unless authorized officers of the parties have executed a special contract specifically governing such use.
Life-critical medical equipment is medical equipment where failure of such equipment would cause serious bodily injury or death (e.qg., life
support, pacemakers, defibrillators, heart pumps, neurostimulators, and implantables). Such equipment includes, without limitation, all
medical devices identified by the U.S. Food and Drug Administration as Class Ill devices and equivalent classifications outside the U.S.

Tl may expressly designate certain products as completing a particular qualification (e.g., Q100, Military Grade, or Enhanced Product).
Designers agree that it has the necessary expertise to select the product with the appropriate qualification designation for their applications
and that proper product selection is at Designers’ own risk. Designers are solely responsible for compliance with all legal and regulatory
reguirements in connection with such selection.

Designer will fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of Designer’s non-
compliance with the terms and provisions of this Notice.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2018, Texas Instruments Incorporated
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