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MIXED SIGNAL MICROCONTROLLER

FEATURES

Low Supply Voltage Range: 1.8 Vto 3.6 V

Ultralow Power Consumption

Active Mode (AM): TBD

Standby Mode (LPM3 WDT Mode): TBD

Off Mode (LPM4 RAM Retention): TBD

Shutdown Mode (LPM3.5 RTC Mode): TBD

Shutdown Mode (LPM4.5): TBD

Wake-Up From Standby Mode in Less Than

5pus

16-Bit RISC Architecture, Extended Memory,

up to 20-MHz System Clock

Flexible Power Management System

— Fully Integrated LDO With Programmable
Regulated Core Supply Voltage

— Supply Voltage Supervision, Monitoring,
and Brownout

Unified Clock System

— FLL Control Loop for Frequency
Stabilization

— Low-Power/Low-Frequency Internal Clock
Source (VLO)

— Low-Frequency Trimmed Internal Reference
Source (REFO)

— 32-kHz Crystals (XT1)

— High-Frequency Crystals Up to 32 MHz
(XT2)

16-Bit Timer TAO, Timer_A With Five

Capture/Compare Registers

16-Bit Timer TAL, Timer_A With Three

Capture/Compare Registers

16-Bit Timer TA2, Timer_A With Three

Capture/Compare Registers

16-Bit Timer TBO, Timer_B With Seven
Capture/Compare Shadow Registers

DESCRIPTION

Two Universal Serial Communication
Interfaces

— USCI_AO0 and USCI_A1 Each Supporting

— Enhanced UART Supporting
Auto-Baudrate Detection

— IrDA Encoder and Decoder
— Synchronous SPI
— USCI_B0 and USCI_B1 Each Supporting
|2CTM
— Synchronous SPI
Integrated 3.3-V Power System

12-Bit Analog-to-Digital (A/D) Converter With
Internal Shared Reference, Sample-and-Hold,
and Autoscan Feature

Dual 12-Bit Digital-to-Analog (D/A) Converters
With Synchronization (Available on 'F6438,
'F6437, and 'F6436 Devices)

Comparator

Integrated LCD Driver With Contrast Control
for up to 160 Segments

Hardware Multiplier Supporting 32-Bit
Operations

Flash Memory

— Serial Onboard Programming, No External
Programming Voltage Needed

Six-Channel Internal DMA

Real-Time Clock Module With Supply Voltage

Backup Switch

Family Members are Summarized in Table 1

For Complete Module Descriptions, See the

MSP430x5xx/MSP430x6xx Family User's Guide
(SLAU208)

The Texas Instruments MSP430 family of ultralow-power microcontrollers consists of several devices featuring
different sets of peripherals targeted for various applications. The architecture, combined with five low power
modes is optimized to achieve extended battery life in portable measurement applications. The device features a
powerful 16-bit RISC CPU, 16-bit registers, and constant generators that contribute to maximum code efficiency.
The digitally controlled oscillator (DCO) allows wake-up from low-power modes to active mode in less than 5 ps.

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.

PRODUCT PREVIEW information concerns products in the
formative or design phase of development. Characteristic data and
other specifications are design goals. Texas Instruments reserves
the right to change or discontinue these products without notice.
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The MSP430F643x series are microcontroller configurations with four 16-bit timers, a high performance 12-bit
analog-to-digital (A/D) converter, two universal serial communication interfaces (USCI), hardware multiplier,
DMA, real-time clock module with alarm capabilities, comparator, and up to 74 I/O pins.

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

Family members available are summarized in Table 1.

Table 1. Family Members

uscl
Device F(lKaé? S(Egl)\/l Timer_ A® | Timer B® LCJ/ilalel'r/]I?:DAA / Ch ;Fr:lr;lgch: AD(%%]Z)—A DA(%JHZ)—A Co(r(’rj]rﬁ) )—B 110 Pa.llf:yl;? €
SPI

MSP430F6438 | 256 18 53,3 7 2 2 12ext/ 2 12 74 1110302%2\,'\,
MSP430F6437®) | 192 18 53,3 7 2 2 2 ?:tt/ 2 12 74 1110302%2\,'\,
MSP430F6436@ | 128 18 53,3 7 2 2 1i ?:t” 2 12 74 111%02%2\,’\/
MSP430F6435® | 256 18 53,3 7 2 2 12 ext/ - 12 74 111030;(’32\}\/
MSP430F6434@ | 192 18 53,3 7 2 2 12 ext/ - 12 74 1110302F(>;)ZW
MSP430F6433 | 128 10 53,3 7 2 2 12 ext/ - 12 74 ﬁogozPQZv'v

(1) Each number in the sequence represents an instantiation of Timer_A with its associated number of capture compare registers and PWM
output generators available. For example, a number sequence of 3, 5 would represent two instantiations of Timer_A, the first
instantiation having 3 and the second instantiation having 5 capture compare registers and PWM output generators, respectively.

(2) Each number in the sequence represents an instantiation of Timer_B with its associated number of capture compare registers and PWM
output generators available. For example, a number sequence of 3, 5 would represent two instantiations of Timer_B, the first
instantiation having 3 and the second instantiation having 5 capture compare registers and PWM output generators, respectively.

(3) Product Preview

(4) Product Preview

Ordering Information®

- PACKAGED DEVICES®
PLASTIC 100-PIN TQFP (PZ) PLASTIC 113-BALL BGA (ZQW)
MSP430F6438I1PZ () MSP430F64381ZQW®)
MSP430F6437I1PZ() MSP430F64371ZQW®)
MSP430F64361PZ () MSP430F64361ZQW®)
—40°C to 85°C
MSP430F6435IPZ () MSP430F64351ZQW®)
MSP430F6434I1PZ () MSP430F64341ZQW®)
MSP430F64331PZ () MSP430F64331ZQW®)

(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.

(3) Product preview.
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Functional Block Diagram, MSP430F6438, MSP430F6437, MSP430F6436

XIN XOUT DV, DV, AV, AV, RSTINMI PA PB pc PD PU0 | hoo LpoI
A ‘ ‘ ‘ ‘ ‘ P1.x. P2.x, P3.x_ P4.x P5.x P6.x_ P7.x P8.x P9.x PU.1, N
v v v v v
A
XT2IN —
Unified [ % ACLK 16KB Power sYs IO Ports || 1/0Ports (| 110 Ports || 1o Ports || 1o ports
rRam | fgaower Lo T2 P1/P2 P3/P4 P5/P6 P7/P8 usclo,1
XT20UT €| rock Tok Watchdo: 2%8 l/0s 2x81/0s || 2x81/0s 1x6 1/Os 1x8P 30 PU Port
System | p-SMCLK }ggg wkeram| | [T 91| interrupt || Interrupt 18 L0 s || Ax: UART,
USB Buffer] LDO B2 Port || Capability | | Capability IrDA, SPI Lbo
Flash SVM/SVS Mapping PE )
MeLK +8B Backup Brownout | [ Controller PA PB PC PD 1x8 yos | [BX: SPL12€

| A 1x16 10s || 1x16 1I0s || 1x16 110s || 1x14 1/Os
CPUXV2

and
Working
Registers

EEM
(L: 8+2) DMA

ADC12_A
TA1 and RTC_B DAC12 A LCD_B (| 6 channel
JTAG/ TAO TA2 L | zo»lozKBsi:’s — REF 160
5CC each with 7¢CcC Battery 16 Channels ||y oitage out|| 12V 2:0V:
|| Portpy Registers 3CC Registers || Backup (12 extld int) 9 2.5V
Registers System Autoscan
PJ.x N N
* * L T x

Functional Block Diagram, MSP430F6435, MSP430F6434, MSP430F6433

XIN XOUT DV, DV, AV, AV, RSTNMI PA PB pc PD PU.0 | poo Lbol
A ‘ ‘ ‘ ‘ ‘ P1.x, P2.x,, P3.x, P4.x, P5x P6.x P7.x, P8.x P9.x; PU.1 A
v v v v v
N N N
XT2IN — - 16KB/ 10 Ports || 1/0 Ports
- 1/0 Ports
Unified [» ACLK 256KB 8KB Power [| SYS _ P1/P2 P3/P4 P5/P6 "?:;;gg * [ " 55’ "e || uscioa
x120UT €| reck 192KB RAM Watchdog || 2X8VOs || 2x81i0s || 2x81/0s || 1x610s || 1xg 0 PU Port
System [-SMCLK 128KB 91| Interrupt Interrupt 1x8 1/0s S || Ax: UART,
+2KBRAM| | |- Capability | | Capability IrDA, SPI LDO
USB Buffer| LDO NITZ Port
Flash SVM/SVS apping PE )
MCLK PA PB pC eD Bx: SPI, 12C
+8B Backup Brownout | | Controller 1%16 /0s 1x16 110s || 1x16 Vos 1x14 1/0s 1x8 1/0s
< RAM
CPUXV2
and
Working
Registers|
EEM
(L: 8+2) DMA
ADC12_A
TA1 and RTC_B Lcb_B 6 Channel
JTAG/ TAO TA2 TBO 12 Bit REF 160
”””” 200 KSPS
nuseﬁ\:{.m MPY32 Timer_A 2Timer_A Timer_B CRC16 Comp_B Reference || Segments
5CC each with 7¢cC Battery 16 Channels 1.5V, 2.0V,
| | Port Py Registers 3cc Registers Backup (12 ext/d int) 2.5v
Registers System Autoscan
PJ.x . X
* L T x
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Pin Designation, MSP430F6438IPZ, MSP430F6437IPZ, MSP430F6436I1PZ
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P6.4/CBAIA4 (] 1 75 [0 P9.7/0
P6.5/CB5/A5 [] 2 74 [0 P9.6/S1
P6.6/CB6/A6/DACO [] 3 73 [0 P9.5/s2
P6.7/CB7/A7/DACT ] 4 72 [0 P9.4/S3
P7.4/CB8/A12 5 71 [0 P9.3/S4
P7.5/CBY/A13 ] 6 70 [0 P9.2/S5
P7.6/CB10/A14/DACO ] 7 69 [ P9.1/S6
P7.7/CB11/A15/DAC1 ] 8 68 [ P9.0/S7
P5.0/VREF+/VeREF+ ] 9 67 [ P8.7/S8
P5.1/VREF-/VeREF- ] 10 MSP430F6438 66 [1 P8.6/UCB1SOMI/UCB1SCL/S9
AVCC1 ] 11 MSP430F6437 65 [J P8.5/UCB1SIMO/UCB1SDA/S10
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P2.0/P2MAPO [ 17 59 [J P8.1/UCB1STE/UCA1CLK/S14
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P2.2/P2MAP2 [] 19 57 |1 P4.7/TBOOUTH/SVMOUT/S16
P2.3/P2MAP3 [] 20 56 [1 P4.6/TB0.6/S17
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P2.5/P2MAP5 [] 22 54 [1 P4.4/TB0.4/S19
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CAUTION: LCDCAP/R33 must be connected to DVgg if not used.
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Pin Designation, MSP430F6435IPZ, MSP430F6434IPZ, MSP430F6433IPZ
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CAUTION: LCDCAP/R33 must be connected to DVgg if not used.
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Pin Designation, MSP430F6438IZQW, MSP430F64371ZQW, MSP430F64361ZQW,
MSP430F64321ZQW, MSP430F64311ZQW, MSP430F64301ZQW

ZQW PACKAGE
(TOP VIEW)
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any TI patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from TI to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of Tl information in TI data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered 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.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by TI as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications

Amplifiers amplifier.ti.com Audio www.ti.com/audio

Data Converters dataconverter.ti.com Automotive www.ti.com/automotive

DLP® Products www.dlp.com Communications and www.ti.com/communications
Telecom

DSP dsp.ti.com Computers and www.ti.com/computers
Peripherals

Clocks and Timers www.ti.com/clocks Consumer Electronics www.ti.com/consumer-apps

Interface interface.ti.com Energy www.ti.com/energy

Logic logic.ti.com Industrial www.ti.com/industrial

Power Mgmt power.ti.com Medical www.ti.com/medical

Microcontrollers microcontroller.ti.com Security www.ti.com/security

RFID www.ti-rfid.com Space, Avionics & www.ti.com/space-avionics-defense
Defense

RF/IF and ZigBee® Solutions  www.ti.com/lprf Video and Imaging www.ti.com/video
Wireless www.ti.com/wireless-apps

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2010, Texas Instruments Incorporated
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