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TI Embedded Processing Portfolio

Microcontrollers
32-bit

Real-time MCU

C2000™
Fixed & 

Floating Point

Up to 300 MHz

Flash
32 KB to 512 KB 

PWM, ADC, 
CAN, SPI, I2C

Motor Control, 
Digital Power, 

Lighting, Sensing

$1.50 to $20.00

32-bit 
ARM MCU

Stellaris      
Cortex M3
Industry Std
Low Power

Up to 100 MHz

Flash
8 KB to 256KB

USB, ENET, 
ADC, PWM, CAN

Host Control, 
communications, 

motor control

$1.00 to $7.00

16-bit
MCU

MSP430
Ultra-Low 

Power

Up to 25 MHz

Flash
1 KB to 256 KB 

Analog I/O, ADC
LCD, USB, RF

Measurement,
Sensing, General 

Purpose 

$0.25 to $9.00

DSP

C647x, C64x+, 
C55x

Leadership DSP 
Performance

24,000 MMACS

Up to 3 MB
L2 Cache

1G EMAC, SRIO,
DDR2, PCI-66

Comm, WiMAX, 
Industrial/

Medical Imaging

$4.00 to $99.00+

ARM+

ARM9
Cortex A-8

Industry-Std Core,
High-Perf GPP 

Accelerators

MMU

USB, LCD,
MMC, EMAC

Linux/WinCE 
User Apps

$8.00 to $35.00

C64x+ plus
ARM9/Cortex A-8
Industry-Std Core +
DSP for Signal Proc.

4800 MMACs/
1.07 DMIPS/MHz

MMU, Cache

VPSS, USB, 
EMAC, MMC

Linux/Win +
Video, Imaging, 

Multimedia

$12.00 to $65.00

ARM + DSP

DSPARM-BasedMicrocontrollers



MSP430 Overview & Roadmap



MSP430-Enabled Solutions at a Glance

Energy Harvesting &
Building Automation

Wireless 
Applications

Utility Metering
AMI & AMR 

Personal Health
& Fitness 

Intelligent Sensors
& Security

Consumer Electronics

Portable Medical
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Every aspect of the MSP430 
designed for ULP
Peripherals optimized to reduce 
power and minimize CPU usage
Intelligent, low power peripherals 
can operate independently of CPU 
and let the system stay in a lower 
power mode longer

Ultra-Low-Power is in Our DNA

Ultra-Low Power Activity Profile

• Extended Ultra-Low Power standby mode
• Minimum active duty cycle
• Interrupt driven performance on-demand

MSP430 Low Power Modes

Multiple operating modes
– 0.1µA power down; 0.8µA standby; 160µA / MIPS

Instant-on stable high-speed clock
1.8 - 3.6V single-supply operation
Zero-power BOR
<50nA pin leakage 
CPU that minimizes cycles per task
Low-power intelligent peripherals
– ADC that automatically transfers data
– Timers that consume negligible power
– 100 nA analog comparators

Performance over required operating conditions



Ultra-Low-Power + High Performance
Device Configurations
• 16-bit RISC CPU up to 25MHz
• 1-KB to 256-KB ISP Flash
• RAM up to 16 KB
• 0.1uA power down, 0.8uA standby
• 160uA/Mhz
• 1us clock startup
• 14- to 113-pin options

Integrated Peripherals
• 10-/12-bit SAR ADC
• 16-bit Sigma Delta ADC
• 12-bit DAC
• Comparators and Op Amps
• LCD driver
• Supply Voltage Supervisor (SVS) & BOR
• 16-bit and 8-bit timers; WDT
• I2C, SPI, UART/LIN, IrDA
• 16 & 32-bit Hardware multipliers
• RTC
• DMA controller
• Temperature sensors



Our Architecture Analog Integration
• 16-bit Orthogonal RISC CPU

– Efficient, ultra-low power CPU
– C-compiler friendly
– Single-cycle register operations

• Power Management Module (F5xx)
– Integrated LDO
– Flexibility in performance vs. power:  F5xx 

Operating Range
– Real World Power Comparison:  for a 1MIPS task 

occurring every sec F5xx is ~3x lower than largest 
2xx dev

• Unified Clock System (F5xx)
– Orthogonal clock system
– 2 clock sources (REFO, VLO)

• Unified Memory Map
– Absolutely no paging
– Supports code agility
– Flash in-system programming

• Direct Memory Access (DMA)
– up to 3 channels

• Hardware Multiplier
– 16x16, 8x8, 8x16, 16x8, 32x32
– DMA enabled, no interference w/ CPU

• Brown-out Reset
– Zero-power, always on

• 10-year embedded Real Time Clock

• USCI Communication
– UART, LIN, IrDA, SPI, I2C
– Baud rate generator with auto-detect
– Double buffered TX/RX

• LCD Controller 
– up to 160 segments w/ integrated charge 

pump
– static, 2-mux, 3-mux, 4-mux

• 16-bit timers
– Up to 3 timers with 18 Capture/Compare 

blocks
• ESP (E-meter Specific)

– incorporates SD16, MPY, and embedded 
engine for e-metering apps

• Embedded Emulation
– Real-time, in-system debug

• General Purpose I/O
– Up to 12 digital I/O ports, each with 8 pins
– Internal, configurable pull-up/pull-down 

resistors

• 10/12-bit SAR Analog to Digital 
Converter

– 200ksps with autoscan, DTC or 
DMA enabled

– Internal/external voltage reference
• 16-bit Sigma-Delta Analog to Digital 

Converter
– Up to 4ksps with 85dB SINAD
– Internal/external voltage reference
– Programmable Gain Amplifier
– Temp sensor; battery monitor

• 12-bit Digital to Analog converter
– Configurable to 8/12-bit Voutput
– Self calibration, DMA enabled, 

int/ext reference
• Analog Comparator

– Slope ADC, supply voltage 
supervision, or signal monitoring

– 3 Power modes; 500nA ULP mode
• Op Amps 

– Rail-to-rail supply voltage
– Programmable settling times
– Internal/ programmable feedback 

resistors
– Variety of modes for 2-3 op-amps



MSP430 Nomenclature

MSP430 16-bit Family
Mixed Signal Processor
MSP430 16-bit Family

Mixed Signal Processor

MSP430
MSX430
PMS430

Standard
Experimental
Prototype

Flash SizeFlash Size

0
1
2
3
4
5
6
7
8
9
16
17
18
19
38

1K
2K
4K
8K

12K
16K
24K
32K
48K
60K
92K
92K

116K
120K
256K

Package TypePackage Type

DGV
PW
DA
DL
DW
N

RSA
RGE
RHB
RHA
RGZ
RTD
PM

PAG
PN
PZ

TVSOP 20
TSSOP 14/20/28
TSSOP 38
SSOP 48
SOP 20/28
PDIP 14
QFN 16
QFN 24
QFN 32
QFN 40
GFN 48
QFN 64
LQFP 64
TQFP 64
LQFP 80
LQFP 100

Temperature RangeTemperature Range

I

T

Industrial
-40°C…+85°C

-40°C…+105°C
MSP430 F 1 1 2 1 A I DW

Revision NumberRevision Number

Memory TypeMemory Type
F
C

Flash
ROM

FamilyFamily

1
2
4
5

no LCD, 8MHz
no LCD, 16MHz
LCD, 8MHz
no LCD, 25MHz

PeripheralsPeripherals

WDT, Timer, SVS,
ADC10/ADC12/SD16,
DAC12, OA, DMA,
Comparator_A,
USART/USCI/USI

ASSP:
W42_ Water Meter
G42_ Glucose Meter
E42_ Electricity Meter



MSP430 Portfolio + Roadmap

100+ devices
2xx-Catalog
• 16 MIPS
• 120 kB Flash
• 8 kB RAM
• 500 nA Standby
• 1.8 – 3.6V

75+ devices
1xx-Catalog
• 8MIPS
• 60 kB Flash
• 10 kB RAM
• 1.8 – 3.6 V

F = Flash
C = ROM
FR = FRAM

100+ devices
4xx: LCD
• 16 MIPS
• 120 kB Flash
• 8 kB RAM
• LCD Controller, 160 

segments
• 1.8 – 3.6V

F23x0
The New Generation
5xx-6xx
• 25MIPS
• 256 kB Flash
• 16 kB RAM
• 1.8 – 3.6V
• FRAM, USB, RF
• 6xx: LCD Controller
• 160 uA/MIPS

Production
Development

Device

F23x-F24x

F261x
F241x

F20xx
F21x1

F21x2
F22xx

F13x-F14x
F15x-F16x

F541x
F543x

Fx42x0
Fx42x

F44x
Fx43x

F/CG461x

FE42x2

F47x4
Fx47x

F471xx

F23x0

F/C11xx
F12xx

F/C41x F41x2

FR57xx
FRAM

CC430
RF

F550x 
USB

F552x
USB

F53xx
Gen Purpose

G2xx



MSP430 Portfolio | Package Type vs Flash Size

256
27
Parts
241x
261x
43x
43x1
47x 
54xxA

32
Parts
461x
43x
43x1
44x
471xx
47xx
54xxA

20
Parts
461x
241x
261x
47x
54xxA

128
33
Parts
41x
13x
14x
14x1
15x
161x 
16x 
41x

64
Parts
13x1 
41x
13x
14x
14x1
15x
161x
16x
23x
241x
24x
24x1
261x
41x
41x2
42x
42x2

64

32
10
Parts
22x2
22x4

12
Parts
22x2
23x0
22x4

18
Parts
41x2
42x0

6
Parts
42x0

16

8

10 Parts 
11x1
21x1

4
Parts
12x
12x2    

7
Parts  
12x
12x2
21x2

9
Parts
11x2
12x
12x2
21x2

4 17
Parts
11x1
11x2
21x1

12
Parts
11x1
11x2
21x1

12
Parts
11x1
21x12

6
Parts     
20xx
G2xx

6
Parts     
20xx
G2xx

6
Parts     
20xx
G2xx1

TSSOP PDIP QFN TVSOP TSSOP SOIC QFN SOIC TSSOP QFN TSSOP QFN QFN SSOP QFN
LQFP/ 
TQFP LQFP LQFP BGA

14 16 20 24 28 32 38 40 48 64 80 100 113

Fl
as

h 
si

ze
 (k

B
)

Pin Count and Package Type



MSP430 Generations

1xx 2xx 4xx 5xx

Basic Clock System Basic Clock System + FLL, FLL + Unified Clock System UCS

Core voltage same as supply 
voltage

Core voltage same as supply 
voltage

Core voltage same as supply 
voltage

Programmable 
Core Voltage 
with integrated PMM 

16-bit CPU 16-bit CPU, CPUX 16-bit CPU, CPUX 16-bit CPUXV2

GPIO GPIO w/ pull-up and 
pull-down GPIO

GPIO w/pull-up 
and pull-down, 
drive strength

N/A N/A N/A CRC16

Software RTC Software RTC Software RTC with Basic 
Timer, Basic Timer + RTC True 32-bit RTC w/Alarms

USART USCI, USI USART, USCI USCI, USB, RF

DMA up to 3-ch DMA up to 3-ch DMA up to 3-ch DMA up to 8-ch

MPY16 MPY16 MPY16, MPY32 MPY32

ADC10,12 ADC10,12 ADC12 ADC12_A

4-wire JTAG 4-wire JTAG, some devices with 
Spy-Bi-Wire 4-wire JTAG 4-wire JTAG and 

Spy-Bi-Wire



MSP430 Generations – Low Power Profile

G/F2xx 4xx 5xx
CPU Clock (Max) 16MHz 8 & 16 MHz 25MHz

Flash/RAM 0.5, 1, 2,4,8 KB / .25, .5, 1 kB 
(F21x2)

4, 8, 16, 32 kB/ .25, .5, 1 KB 
(F41x) 256KB / 16KB (F54xx)

Active Current  
(3.0V)

µA/MIPS

1MHz 300 µA 240 µA 220µA

8MHz 325 µA/MIPS 240 µA/MIPS 160 µA/MIPS

16MHz(3.3V) 360 µA/MIPS N/A 188 µA/MIPS

25MHz N/A N/A 224 µA/MIPS

Standby Current (LPM3) 0.3 – 0.8µA 0.7 – 1.5µA 2.6µA (w/ active true RTC) 

Power Down Current (LPM4/5) 0.1µA 0.1µA 1.6µA (LPM4) / 0.1µA (LPM5)

Wake-up Time From LPM3 1µs 6µs 5µs

Flash ISP Minimum DVCC 2.2V 2.7V 1.8V

Port I/O Interrupt Capability P1/P2 P1/P2
P1/P2 (F5438)

Add’l pins in future devices

Prog. Port Pin Drive Strength N/A N/A All port pins

Prog. Pull-ups/-downs All port pins N/A All port pins

Available MCLK Sources DCO, VLO, LFXT1, XT2 FLL, LFXT1, XT2 FLL, VLO, REFO, XT1, XT2 

FLL Reference Clocks N/A LFXT1 REFO, XT1, XT2

Lowest 
active power 
in the 
industry

Fastest 
wakeup 

Write to Flash 
at min Vcc

Lowest 
stand-by



MSP430 Package Options

Red: New Blue: Preview

Flexible Options to fit your need
• Many Package types
• Wide range from 14 to 113 pin devices

Miniaturization to enable small-sized design
• MSP430F2370 available in Die-Sized BGA
• 49-pin; 3.232mm x 3.232mm

MSP430
Die-Sized BGA



MSP430:  New Technologies and Solutions…

Radio
Frequency (RF)

Energy 
Harvesting

Native
Sub 1V

Capacitive
Touch Sense

Ferroelectric
RAM (FRAM)

Application
Specific
Devices

(Electricity or Water 
Meters, Glucose 

Monitors)

Sub $1
Devices

FutureNow



MSP430 Value Line



MSP430G2xx - Value Line Family

# Prices are quoted in U.S. dollars and represent year 2010 suggested resale price for TSSOP package.
* Represents number of capture/compare registers per timer.

Ultra Low Cost family:
• Volume pricing starting at $0.25
• Maintains the MSP430 DNA (ULP, Analog Integration, Ease of Use)

Phase 1: Launch April 2010
• 0.5 KB – 2 KB Flash
• Analog/communication modules: Comparator, 10-bit ADC, SPI/I2C
• 4 package types (DIP, SOIC, TSSOP, QFN)
• Pin compatibility across MSP430 Value Line family and MSP430F20xx family



Value Line – Portfolio & Roadmap

TI Confidential – Maximum Restrictions

1KB

2KB

4KB

8KB

14‐pin 
TSSOP/PDIP
10 GPIO

16‐pin 
QFN

10 GPIO

20‐pin 
TSSOP/PDIP
16 GPIO

16KB

Fl
as
h 
Si
ze

.5 KB

32‐pin 
QFN

24 GPIO

MSP430G2001*

MSP430G21X1*

MSP430G22X1*

ADC

Compara
tor

ADC10

SC SPI/I
2 C

Available now In Development

MSP430G21X2

> 100 devices by mid-2011

UART

UART
Cap

 To
uc

h I
/O

28‐pin 
TSSOP
24 GPIO

MSP430G22X2

MSP430G23X2

MSP430G24X2

MSP430G21X3

MSP430G22X3

MSP430G23X3

MSP430G24X3

MSP430G25X3

SC ADC

SC ADC UART

* 8-pin SOIC package under evaluation

SC ADC

SC ADC

SC ADC

SC ADC

SC ADC

SC ADC UART

SC ADC UART

SC ADC UART

SC ADC UART



• MSP-FET430U14 ($149) = FET + F20xx Compatible Target board
• MSP-TS430PW14 ($75) = F20xx Compatible Target board
• EZ430-F2013 ($20)

• EZ430-T2012

Free software IDEs
• Code Composer Studio™ v4
• IAR Embedded Workbench

Powerful, low cost development tools

Your development tools – only $4.30

MSP430 Value Line LaunchPad Tool
• Only $4.30
• Integrated flash emulation tool eliminates need for 

external emulator
• Rapidly prototype and speed time to market

MSP430 

Value 

Line



MSP430F5x Generation



Why MSP430F5x?
• Leading performance in ultra-low-power space

– Designers can tap into 25MHz of performance while consuming as low 
as 160uA/MHz

• Gateway and Performance Lines
– Gateway: Small footprint, lower memory sizes, cost effective (many 

<$1)
– Performance: High-performance analog, rich integration, cutting edge 

features

• High Performance Analog
– Increased memory and integrated peripherals allow designers to do 

more with less

• Technologies and Solutions
– Universal Serial Bus (USB)
– Radio Frequency (RF)
– Ferroelectric RAM (FRAM)
– Native 0.9V
– Energy Harvesting
– Application Specific Designs

• Complete ecosystem
– Tools, collateral, third party support, training, and university programs
– Facilitate ease-of-use
– Shorten time to market
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Block Diagram MSP430F5529



• Efficient, ultra-low power CPU
• C-compiler friendly
• RISC architecture

– 27 core instructions
– 24 emulated instructions
– 7 addressing modes
– Constant generator

• Single-cycle register operations
• Memory-to-memory

atomic addressing
• Bit, byte and word processing
• 20-bit addressing on MSP430X for Flash 

>64KB

16-bit Orthogonal RISC CPU



F5xx: Power Management Module

• Integrated LDO
• VCORE level programmable 
• Flexibility in processing 

performance vs. power 
• Integrated supervision

& monitoring
• Zero-power BOR
• Five integrated supervisors

– SVSH, SVSL, SVMH, 
SVML & BOR



• MSP430F5x’s ultra-low active power 
dramatically lowers average power 
consumption

• For a 1 MIPS task occurring every 
second:

– ~3x lower power than F24xx (largest 
2xx device)

• F5438 Advantages
– 12MHz over Vcc: 1.8-3.6V
– ~150uA/MHz @ 12MHz
– <2mA active current @ 12MHz
– 2.6uA standby current

F543x: Real World Power Comparison

Lower average power than F20xx, the smallest MSP430 device! 
– 256K vs. 2K Flash, 16K vs. 128B RAM

3x lower
power!



Direct Memory Access (DMA)

• Edge/level triggers

• Single Block

• Burst-block

• Byte/word or mixed 
transfer 

• Requires two       MCLK 
cycles



• Orthogonal clock system
– Any source can drive 

any clock signal

• 2 Integrated clock sources:
– REFO: 32kHz, trimmed osc.
– VLO: 12kHz, ultra-low power

• DCO & FLL provide high frequency accurate 
timing

• MODOSC provides bullet proof timing for 
Flash

• Crystal pins muxed with 
I/O function

F5xx: Unified Clock System

Divider
/1/2/4/8/16

10-bit
Frequency 
Integrator

FLL

DCO

FLLREFCLK

DCOCLK
DCOCLKDIV

VLO

REFO

LFXT1

XT2

ACLK

MCLK

SMCLK

MODOSC
MODCLK

Provided to Flash 
controller, ADC12



• 10-bit & 12-bit ADCs
• 200ksps+
• Autoscan
• Single

Sequence
Repeat-single
Repeat-sequence 

• Int/ext ref
• TA SOC triggers 
• Data Transfer Controller

(DTC)
• DMA Enabled

Fast Flexible 10- and 12-bit ADCs

RAM, Flash, 
Peripherals 

S/H 10-bit SAR

ADC10SC
TA1

TA2
TA0

Direct 
Transfer 

Controller

VR- VR+

AVCCAVSS

1.5V or 2.5V

Auto

Batt Temp

Direct
Transfer
Controller

Data
Transfer
Controller



MSP430: F5xx Operating Range

• 25MHz peak performance

• More performance
across VCC range

– Flash ISP @ min. VCC

– 8MHz @ min. VCC

– Up to 25MHz @ 2.4V-3.6V

• Programmable VCORE maximizes 
power efficiency

• Lowering VCC or VCORE
reduces system current

Many applications can operate at the lowest core voltage!!



t

VCC

VSS

t+

TAR TAR

LPM0 LPM3 LPM0

t-

VIT-

VIT+

Timer Counter

LPM3

Charging 
Trip Point

Discharging 
Trip Point

GPIOSENSOR = GND 
GPIOR = Vcc

GPIOSENSOR = Vcc     
GPIOR = Gnd

Capacitive Touch Sensing

• No physical switches or analog required
• Port pin used to charge sensor capacitance 
• RC discharge time measured 
• App Note: SLAA363



Embedded Emulation

• Real-time, in-system debug 
– No application resources used
– Full speed execution            
– H/W breakpoints           
– Single stepping
– Complex triggering
– Trace capability

• Powerful, easy to use tools

• Spy Bi-Wire
– 2-wire debug interface
– No pin function impact

JTAG



MSP430F5x - USB



MSP430 with Full Speed USB
• Ultra-low power MCUs + USB for smarter 

connectivity
– Embedded full-speed USB 2.0 (12 Mbps)
– High flexibility with configurable 2K data buffers 

that can be used as RAM
– Unused USB interface pins can function as high-

current I/O (5v tolerant)
• Analog and peripheral integration reduces 

system cost
– Multiple analog options with 10 or 12-bit ADC, 

DAC, comparator 
– Integrated 3.3V LDO for use with 5V USB bus 

power
– Uses low-cost crystal for USB clock, with 

flexible, integrated PLL
• 44 New USB devices within next 12 months

– Wide range of memory configurations and 
package options, 8k-128k flash

– Diverse peripheral mix in the MSP430F55xx 
family

– Pricing as low a $0.96 in volume 

USB Made Easy

USB Bootstrap Loader
• Supporting device programming 
• Field Firmware updates

USB Descriptor Tool
• Configures stack functions via GUI

Free USB stacks available:
• Communication Device Class (CDC) 
• Human Interface Device (HID) 
• Mass Storage Class (MSC)
• Additional stacks available from third 

parties

FREE 
Vendor ID/ 
Product ID 

sharing 
program

FREE 
Vendor ID/ 
Product ID 

sharing 
program

MSP430F5529 Sample Kit



Benefits of MSP430 USB 

• USB is integrated into our on-chip bootstrap loader (BSL)
– Enables end user to update firmware in the field
– Customizable Windows GUI project you can provide to end users
– Just distribute GUI to end users; nothing else required
– Also can be used in factory programming

• High flexibility
– Fully-configurable 2K data buffers that can be used as system RAM when USB module is disabled
– Unused USB interface pins can function as high-current I/O pins

• USB power supply system 
– Integrated LDO for use with 5V USB bus power
– Can power entire system, saving the battery
– Provides 3.3V/1.8V supporting USB PHY, PLL, and logic
– Separate from 5xx Power Management Module (PMM)

• Uses low-cost crystal for USB clock, with flexible, integrated PLL
– Same crystal can source non-USB system clocks



In
te

gr
at

io
n

F552x / F551x
• 25 MHz
• 32 -128 KB Flash
• ADC12, Comp, USB
• From $2.15

F550x/F5510
• 25 MHz
• 8-32 KB Flash
• ADC10, Comp, 

USB
• From $0.96

MSP430 w/USB Roadmap

Ultra-low power with USB
MSP430 Overview

Cost efficient  
w/ reduced 

features

Performance
& more 

integration
Development

Production

11 Devices
F550x

13 Devices
F552x/1x

F663x / F563x
• 20 MHz
• 128 -256 KB Flash
• ADC12, DAC12
• USB, EDI, LCD
• From $3.49

18 Devices
F66xx/56xx

Ultralow Power Consumption

Sampling
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USB Module - Power System

• Integrated LDO with 5V input and protection/monitoring functions, for use with USB bus 
power

• Outputs 20mA for MSP430 and system use

• Current limiting capability to IDETmax=60mA on VUSB (3.3V output)

• Independent from 5xx’s power management module (PMM)

• Can be powered from USB upon device connection, even if no battery power available 
(low/no battery condition)

D
M

O
D

E
V

B
U

S
in

d
V

U
S

B
E

N

V
U

S
B

ov
l

U
S

B
B

O
R

• Prepared for operation with USB 
battery chargers

• Concept prevents battery drainage to 
an unpowered, low-resistive USB 
network

• Controlled through the USB 
configuration registers



Endpoints

• MSP430’s USB has:
– Eight input endpoints
– Eight output endpoints
– Complete flexibility!

• Integrated transceiver
– USB’s term for the PHY

• 2KB USB buffer RAM
– Can also be used as system RAM if USB disabled

• USB signalling pins (D+/D-) can serve as general-purpose high-current I/Os 
(~100mA)

• Timestamp generator, with 62.5ns resolution



USB Memory & Data Transfer

• 1904 bytes of configurable buffer space for IN/OUT endpoints 1-7

• Each endpoint uses an automatic double-buffered scheme
– Automatically toggles between X/Y buffers
– Aids throughput

• Each endpoint described by six registers
– Endpoint type
– X/Y buffer addresses in USB RAM
– Buffer size 
– Number of bytes in X/Y buffers

• CPU/DMA loads data in/out of buffers; 
automatically TX/RX over USB



MSP430 USB System

• Single-chip USB solution

• Just add USB connector & TI-supplied USB API software

• USB+analog and ultra-low-power!

D+
D+

PUR

USB 
Module

>1.5MHz

+5V VBUS

DVCCVUSB

System

CPU

+3.3V

RAM Flash

12-bit 
ADCClocks

Timers

Comparator Serial comms

RTC CRC16

32x32 
MPY

Power supply & 
supervision

DMA



USB Clocking

• USB clocked from HF crystal on XT2 xtal oscillator
– XT2 can also be used for system clocks, as usual

• Integrated PLL revs to 48MHz, required when USB is active
– Can be powered down during USB suspend, & re-activated when resumed
– USB clocked from LF source during suspend

• PLL is very programmable – can adapt to any crystal freq

– Choose a frequency used elsewhere in the system
– Or use the cheapest crystal you can find
– Minimum crystal frequency = 1.5MHz



Support Approach & API Stacks

• USB looks simpler than it is
– Expected to “just work”
– A lot of protocol is involved; not like a UART or SPI port
– But, the right support from the silicon vendor CAN make it easy

• MSP430’s USB support is designed for ease-of-use
– Let’s you focus on using USB in your app, rather than learning USB as a technology
– Our goal has been:  to make using USB similar to using a UART

• Our primary support tool:  API stacks
• Essentially libraries, based on standard USB device classes
• Can be edited (but shouldn’t be necessary for most apps)
• Each stack supported by a complete Programmer’s Guide
• Stacks will exist for the most common device classes (CDC/HID/MSC)



MSP430 USB Portfolio Summary
USB class implementations

Communications Device Class (CDC)
Presented to PC as a COM port 
High bandwidth (>1-6Mbps) + reasonable simplicity, but has an install proces
Must WHQL-certify the driver with Microsoft then distribute for install by customers 

Human Interface Device Class (HID)
Presented to PC as an HID device 
Simplicity (no install) but has limited bandwidth (64 kB/sec) 

Mass Storage Class (MSC)
Presented to PC as a storage volume
Moves large amounts of bulk data quickly
No driver install required; no files must be distributed
High bandwidth + no install process, but higher complexity and more code space
Involves obtaining file system software (purchase, or open-source)
To be supported by 3rd parties: IAR, HCC

Composite Class
Coming from Texas Instruments...



Device Class Tradeoffs

Each class provides a unique value proposition

YesYesNoAvoids user install 
process

YesNoYesHigh bandwidth

Code size

Simplicity on MSP430

Simplicity on host

4K

Yes

Yes

HID

10-20K4K

NoYes

YesYes

MSCCDC



MSP430F5x + LPRF = CC430



Smart Metering

Alarm and Security

Home Automation & Lighting

Remote Controls

Sport & Gaming

Wireless Audio

TI Low Power RF at a glance…

2.4GHz PurePath™ Wireless
Coming Soon

CD Quality
Wireless Audio

CC2505S

CC2591

Sub 1GHz Transceiver
+ MSP430 MCU,

500 Kbps
-112dBm sensitivity

CC1101

Sub 1GHz Narrowband
12.5 KHz channel spacing

-118dBm sensitivity

CC1020

Sub 1GHz SoC
32KB Flash

LCD, 12-bit ADC

CC1110/CC430

2.4GHz ZigBee
System on Chip

IEEE 802.15.4 compliant
+ CC259x Range Extenders

CC2530

2.4GHz Transceiver
+MSP430 MCU

CC2500

2.4GHz Network Processor 
fully certified ZigBee 2006

Software Stack 

CC2480

2.4GHz RF4CE
IEEE 802.15.4 compliant

System on Chip
RemoTI SW

CC2530 2.4GHz Radio
8051 MCU,

32 KB Flash, USB 2.0
Proprietary solution

CC2511

2.4GHz Location Tracking 
System on Chip

Solutions

CC2431

2.4GHz Bluetooth Low Energy
Coming Soon

Single-mode BTLE SoC

CC2540

2.4 GHz 
Range Extender

+22dBm output power



Application MCU+
RF Protocol 
Processor

Application MCU
RF Radio

RF Systems-
on-Chip

Application

Wireless 
Protocols

Radio

RF SoC
(CC430, 
CC253x, 
CC251x, 
CC111x)

Transceiver
(CC1101, 
CC2500, 

CC2520 etc.)

MSP430
(F5xx, F6xx,

F24xx, F26xx)

MSP430
(F5xx, F6xx,

F24xx, F26xx)

Protocol
processor
(CC430, 
CC2480)

The MSP430 – Your Low Power RF Protocol/ 
Applications Microcontroller



5xx + Low-Power RF – The CC430

CC430
MSP430

MCU
Application 

and protocol 
processor

Low-power 
RF SoC

Low Power 
RF IC
Radio 

frequency

MSP430
5xx MCU

• Ultra-low power 
• High analog performance
• High level of integration
• Ease of development
• Sensor interface

Low Power 
< 1 GHz RF 
Transceiver

• High sensitivity
• Low current consumption
• Excellent blocking performance
• Flexible data rate & modulation format
• Backwards compatible

Supports: 
300-348MHz, 
387- 464MHz 
and 779-928MHz

For more information, attend our CC430 One-Day-Workshop!

2.4 GHz MCM  is
intended for 2011
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High integration reduces complexity, 
lets designers do more with less

Supply 
Supervisors

Supply 
Monitors
Brownout

Unified Clock
System

General-
Purpose
Timers 

Capture/
Compare 

PWM
Outputs

Sub-1GHz
Radio

Flash RAM

RISC CPU
16-bit

Enhanced
Emulation

Module

JTAG
Spy-Bi-Wire

Interface

DMA
Controller

System 
Control/

Watchdog CPU 
Interface

MODEM

Frequency
Synthesizer

RF/ANALOG
TX & RX

Packet
Handler

Digital RSSI
Carrier 
Sense

PQI / LQI
CCA

AES

ADC

Comparators

Universal 
Serial 

Communication
Interfaces 

SPI, USART, 
I2C

USB 2.0
(Full Speed)

General-
Purpose I/O 

Pull-up,
Pull-down, 

Drive

Segment 
LCD Static, 

Muxed
Basic Timer

+
RTC

Timing & 
Control

High-
performance 

Analog Communication
I/O & 

Display
RF 

Transceiver
CPU/

Memory
Clocks, Power 
Management

9.1 mm x 9.1 mm  
package



MSP430 goes FRAM



The ‘next generation’ Non-Volatile memory
• Why? 

– Enable the full potential of 21st century macro trends – Wireless, Low Power, 
Security

– Drive new applications in our highly networked, data hungry world
– Improve time to market & lower total cost of ownership - enable 

unprecedented flexibility and efficiency in product development & handling

• What? To meet Emerging and Existing needs in embedded memory 
applications, support
– Non-volatility
– Lower power consumption
– Higher Write Endurance, Faster Access speeds
– Higher inherent security
– Lower total solution cost
– …….



FRAM – The Wait Is Over

Automotive F-RAM  Memory

Non-Volatile – retains data without power

Fast Write / Update – RAM like performance. Up to ~ 
50ns/byte access times today (> 1000x faster than 
Flash/EEPROM)

Low Power - Needs 1.5V to write compared to > 10-
14V for Flash/EEPROM no charge pump

Superior Data Reliability - ‘Write Guarantee’ in 
case of power loss and > 100 Trillion read/write 
cycles

Photo: forums.wow-europe.com

Technology Attributes



What is FRAM Technology?
• FRAM 

– Is like DRAM (1T-1C) except data 
stored in crystal state, not charge

• Capable of read/write access and 
cycle times similar to DRAM

– Is a Random Access Memory -
Each bit read/written individually

– Features a simple single step write 
process – no separate erase then 
write cycle (unlike Flash)

TI Confidential – NDA Restrictions 

Crystal
Polarization
Change

Photo: Ramtron Corporation



FRAM Technology Performance 
Comparison



MSP430 Tools
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EXP430F5438 Experimenter Board

Dot matrix LCD

USB data 
transfer

JTAG 
Programming

3.5mm 
audio out

Wireless Expansion
• EMK Modules
• eZ430-RF

3-axis 
accelerometer

5-axis joystick

Microphone

2 pushbuttons

2 LEDs

MSP-EXP430F5438
• MSP430F5438
• $149
• Out-of-the-box 
platform for 
Z-Stack Pro

MSP430F5438 
in socket



USB Flash Emulation Tool (FET)

• MSP430 FET: real-time debug and programming tool 

• Supports ALL MSP430 devices
– 4-wire JTAG
– 2-wire Spy Bi-Wire

• Available with socketed
target board

– Example: 
MSP-FET430U14 = 
FET + 14-pin target board

• Supported by all MSP430 IDEs

• Starting at $99



Code Composer Studio v4

• Easy to use, Eclipse based 
IDE: Compiler, linker, more

• Supports all MSP430 MCUs
• Enhancements since CCE v3:

– Speed
– Code size improvements
– Auto-updating

• $495 for CCS v4 MCU Edition
• Free for apps <16KB
• Identical look and feel as Code 

Composer Essentials

http://wiki.msp430.com/wiki/index.php?title=Category:Code_Composer_Studio_v4



eZ430-Chronos: CC430 Dev Tool

• CC430-based wireless
development tool in a watch

• 915/868/433 MHz versions available
• Custom LCD driven directly 

by CC430
• Features:

– 3-axis accelerometer
– Altimeter
– Temperature sensor
– Buzzer

• Expandable to any 
personal area wireless network

• Only $49

Includes USB RF 
access point

eZ430 
emulator for 
programming



Self-Powered Solar Energy Harvester

• Solar Energy Harvesting module for eZ430-
RF2500

• Battery-less operation

• Works in low ambient light

• 400+ transmission with no light

• Adaptable to any sensor 
or RF network

eZ430-RF2500T
Wireless Target

Solar Energy 
Harvester

• $149
• eZ430-RF2500-SEH
• Based on SimpliciTI v1.1



eZ430-RF2500 – Wireless Made Easy

• Easy to use, Wireless 
development tool

• Ultra Low Power:
MSP430F2274 + CC2500

• 2.4 GHz ISM wireless

• Includes SimpliciTI Network Stack

• Includes Wireless Sensor Network 
Demo Project

• Compatible with all MSP430 Spy Bi-Wire 
devices

• $49

• Standalone target boards & eZ430-
RF2480 also available 

USB 
Powered

Spy Bi-Wire & 
UART Interface

MCU pins 
accessible

2x LEDs

MSP430F2274

Button
CC2500

Chip
Antenna

Emulation Removable 
Target Board

www.ti.com/eZ430-rf



eZ430-F2013 Development Tool

• Complete development tool that fits in your pocket

• Supports all 2xx Spy Bi-wire devices

• Unrestricted programming and debugging

• Fast, easy to use operation

• Supported by IAR & CCE

• $20



eZ430-T2012 Target Board

• MSP430F2012-based target boards compatible 
with eZ430

• 3 T2013 Boards per kit

• Emulator not included

• Pin & code compatible 
with F2013 

• ADC10 – 10 bit SAR Core
– Faster: >200kps
– More Versatile: 8 external input Ch.
– Easier to use: Single Ended input

• Available Today!

• $10



Complete support packages for USB 
development

USB BSL
• Supporting device programming 
• Field Firmware updates

Descriptor tool
• Configures stack functions

Software tool chain (CCE & IAR)

USB BSL
• Supporting device programming 
• Field Firmware updates

Descriptor tool
• Configures stack functions

Software tool chain (CCE & IAR)

MSP430F5x USB Sample KitMSP430F5x USB Sample Kit

Tools & SoftwareTools & Software

Additional third party software supportAdditional third party software support

TI supports multiple software stacks:
• Communication Device Class (CDC) 
• Human Interface Device (HID) 
• Mass Storage Class (MSC)

TI supports multiple software stacks:
• Communication Device Class (CDC) 
• Human Interface Device (HID) 
• Mass Storage Class (MSC)

SupportSupport
FREE 

Vendor ID/ 
Product ID 

sharing program

FREE 
Vendor ID/ 
Product ID 

sharing program
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Get started in minutes
• Integrated Flash 

emulation tool
• USB-powered (cable incl.)
• Program any MSP430 

Value Line device, eZ430 
target board, or Spy Bi-
Wire enabled MSP430 
device

Easily evaluate & 
program devices

• Up to 20-pin DIP 
socketed target 
board

• Drop-in any MSP430 
Value Line device 

• Pre-programmed 
MSP430 Value Line 
MCU included

• Interface with 
existing eZ430-F2013 
or eZ430-RF2500 
target boards

Rapid Prototyping
• Access to all MSP430 

Value Line pins
• Easy interface for 

external 
components/daughter 
boards

• 2 Programmable 
pushbuttons & LEDs

MSP430 MCU Value Line LaunchPad – only 
$4.30 
LaunchPad board



Third Party Development Resources

• Rowley CrossWorks
– Complete IDE solution 
– High code density
– Simulator
– Windows, Linux, Mac
www.rowley.co.uk

• Elprotronic
– MSP430, CC Chipcon, 

C2000 Programmers
– Fastest download speed
– Production programmers

• RTOS Options
– µC/OS-II™
– CMX-Tiny+™
– embOS
– FreeRTOS™
– IAR PowerPac
– QP™
– Salvo™
– TinyOS

• MSPGCC Tool Chain
– Free 
– Open Source
– GNU C Compiler, Assembler/ 

Linker, GDB Debugger
– Windows, Linux, Unix
http://mspgcc.sourceforge.net

• Amber Wireless
– Drop in wireless modules
– <1GHZ eZ430-RF target 

boards
– CC430 Development boards

• USB Stacks
– IAR
– HCC



Q  & A


