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MSP430 Agenda

* Introduction

MSP430-Enabled applications
MSP430 Core Values

« MSP430F5xx Architecture

MSP430F5xx core and key modules

New connectivity solutions
« USB Peripheral Overview including resources, support & tools

 RF Peripheral Overview including resources, support & tools

e MSP430 Value Line G2xx

Technology Roadmap Overview

FRAM
Native 0.9V technology
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MSP430 Ultra-Low Power MCUSs

MSP430 Enabled Solutions at a Glance

- Portable Medlcal

Utility Metering
AMI & AMR

ereless

Personal Health
& Fitness
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MSP430 Ultra-Low Power MCUSs
MSP430

Think MCU ot PUrLOW

Power Extensive  Easy to Get

Think MSP430 p Mesrlon pilio | started

W Texas Performance
INSTRUMENTS

UItra-Low Power + Performance Integration

World’s Lowest Power MCU Intelligent Analog & Digital Peripherals
* 6 Low Power Modes & Instant Wake-up e Do more without the CPU | Faster, Lower power
e 110pA/MIPS | 0.3 pA Standby | 0.1 uA RAM e Featuring 16-bit ADCs, 12-bit DACs, DMA, MPY,
Do More with MSP430 Comparators, LCD, USB, RF, and more

e Leading code density, autonomous peripherals, at COMING SOON
low cost and the lowest power e Embedded memory technology breakthrough:
e CPU Speed: 8MHz — 25MHz FRAM

@ Extensive Portfolio, Low Cost Options Easy to Get Started

Find the right MCU for you Consistent Development Environment
e 200+ Devices with one consistent architecture * One development tool for all MSP430 devices

Flash: 0.5 kB — 256 kB RAM: 128 B—- 16 kB e Code compatibility throughout portfolio
Pins: 14 - 113 Package Types: 22 Get started now!

NEW MSP430 Value Line e eZ430 development kits @ $20 USD & Free IDEs
e Don’t Settle | 16-bit Performance, 8-bit Price * eZ430-Chronos development watch @ $49 USD

e Starting @ $0.25 USD e 1000s of starter code examples & App notes

i3 TEXAS
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MSP430 Ultra-Low Power MCUSs

MSP430 Portfolio + Roadmap

A

Device

() Production
() Development

100+ devices

2xx-Catalog
« 16 MIPS

* 120 kB Flash

+ 8kB RAM

* 500 nA Standby
+ 1.8-3.6V

G = Value Line
F = Flash
FR =FRAM

1xx-Catalog

* 60 kB Flash
« 10 kB RAM
«+ 18-36V

4

The New Generation

5

Xx-CC430

25MIPS

* 256 kB Flash

* 16 kB RAM

¢ 1.8-3.6V

* USB, RF

¢ 6xx: LCD Controller
- 160 vA/MIPS

100+ devices

xx: LCD
16 MIPS

* 120 kB Flash
« 8kB RAM
« LCD Controller, 160

segments

*+ 1.8-3.6V

v

I

TEXAS

INSTRUMENTS




Introduction to the MSP430F5xx Architecture
+ an overview of the new USB and RF blocks

MSP430

Ultra-Low Power MCUs
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MSP430 Ultra-Low Power MCUSs

Ultra-Low Power Is In Our DNA

« MSP430 designed for ULP v’Multiple operating modes
— 100 nA power down (RAM retained)
from ground up YA
. .. — 110 pA / MIPS from RAM
« Peripherals optimized to — 220 pA / MIPS from Flash
reduce power and minimize v/ Instant-on stable high-speed clock
CPU usage

v~ V1.8 - 3.6V single-supply operation

: LS

* Intelligent, low power B} v Zero-power, always-on BOR
peripherals can operate j
iIndependently of CPU and
let the system stay in a
lower power mode |onger \/Low—power intelligent peripherals
WWW tl com /UlD — ADC that automatically transfers data

— Timers that consume negligible power
— 100 nA analog comparators

v/ <50nA pin leakage
v/ CPU that minimizes cycles per task

v/ Performance over required
operating conditions

13 TEXAS
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http://www.ti.com/ulp

MSP430 Ultra-Low Power MCUSs

5xx MSP430 CPUXVv2

MDB - Memor y Data Bus  Memory Address Bus - MAB

AQ_. Ty |;’|:>A - Efficient, ultra-low power CPU
—[pvse pointer steck__[0 = « C-compiler friendly
szm; 'Ij « CPU registers expanded to 20-bits
— = * RISC architecture
—>Iﬁvse = — 27 core instructions
LT — 24 emulated instructions
—j =, Ei — 7 addressing modes
7o Generapurpe | — Constant generator
(——[f__somerpupose = - Address instructions
= Ilj — Direct 20-bit CPU register access
_>|G.,9.e ) — Atomic instructions
A1 __General purpose =) * |Instruction compatible with all MSP430’s
| « Extension word allows all instructions
oSN ™ semns " i weu — Direct access to 1MB address space
- | — Bit, byte, word and address-word data
i
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Unified Clock System | Speed & Flexibility

FEATURES

| LFXT1 |
* Orthogonal clock system T e !
— Any source can drive FTTIIIIIIEEEEE ACLK
any clock signal I REFS . !
2 Integrated clock sources: o
REFO: 32kHz, trimmed osc.

— VLO: 12kHz, ultra-low power

* DCO & FLL provide high frequency accurate timing (’/ :
b
« MODOSC provides bullet proof timing for Flash ___FLL_R_E_FQL_K______E : MCLK
[}
« Crystal pins muxed with - L
I/Oyfunth)ion N
FLL >1O-bit X
IIZr(tequertlcy
BENEFITS "
« Ultra-Low Power functionality bco bCOCLK LK
« Best balance of performance and low power DCOCLEDI
» Enables flexible and capable Low Power Modes
 Instant on with fast oscillator wakeu mTTTT e T ! MODCLK
P | MODOSC C T T T T T Biovided to Fiash
-------------- ! controller, ADC12
1§ TEXAS
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MSP430 Ultra-Low Power MCUs

Power Management Module

FEATURES
* Integrated LDO

* Veore level programmable Control bits  PHMCOREV
.

. O o] Regulator O Vo

 Flexibility in processing
performance vs. power

* Integrated supervision
& monitoring

« Zero-power BOR ;'g» S¥S, 5V,
1> SVM, SVM,

« Five integrated supervisors J] J]
— SVSH, SVSL, SVMH, y
SVML & BOR

Reference

gi BOR D Toreset logic

T r

—

Ports ON (CJ{ NOR 0R H Toreset logic

BENEFITS
» Ultra-Low Power Functionality

« Ensure proper operation in power
on and off sequences
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INSTRUMENTS




MSP430 Ultra-Low Power MCUSs @

MSP430F5xx Speed and Flexible Operation

« 25MHz peak performance

25 MHz f—————————===

* More performance

across V. range <— Wide Max MCLK—>
— Flash ISP @ 1.8V

- 12MHz @ 1.8V 16 MHz |- —=~~~~~
— 25MHz @ 2.4V-3.6V

PMMCOREV = 2

12 MHz | —-

PMMCOREV = 1

VS. F2xXx

PMMCOREV =0

4 MHz

Flash Programmable
«— : o

Across Entire Range

1.8V 2.0V 2.2V 3.6V

13 TEXAS
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MSP430 Ultra-Low Power MCUs -

Which MCU? MSP430x2xx vs MSP430F5xx

MSP430 Average Current Consumption Vs. Active Duty Cycle

P Active @ 8MHz  4.25mA | 1.32mA
” 1000
LPM3 0.8uA  1.1uA

w—|\|SP430F241x

—ueraoree | ® MSP430x2xx has lower
LPM3 consumption

e MSP430F5xx thas lower
0.01% 0.10% 1.00% 10.00% 100.00% act|ve power Consumpt|on

Active Duty Cycle

10

Average Current Consumption (uA)

o
(=
2
>

The crossover is at ~¥0.04% Active
Or about 35 seconds/day

This means that if the CPU is Active >0.04% of the time (or >35 seconds per day), the lower Active Mode
power of the F5xx outweighs the lower LPM3 current advantage of the F2xx device.

13 TEXAS
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MSP430 Ultra-Low Power MCUs

Performance through Integration

« The 200+ MSP430 devices offer high-
performance integration

« Various levels of integration allows
designers to find the right MSP430

Snapshot of Integrated Peripherals
5z . . i - «ADC10,ADC12 o WDT o AES
§5 * 3D16 * Basic Timer * USB
£ - * Comparator * RTC * SP|
Z 3 * DAC12 e PMM e |20
) - e DMA * BOR e LINIrDA
e Multiplier * SVS e SCAN_IF
e OpAmp e EDI e ESP430
. ® Timer * RF Front End e[ CD

« |Integration enables smaller physical
footprints and minimizes system costs

i3 TEXAS
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MSP430 Ultra-Low Power MCUSs

Integrated USB Connectivity with
MSP430 MCUs

UMENTS




MSP430 Ultra-Low Power MCUSs

Popular USB Terms

« Host Vs Device: USB is a master-slave network with a single master or
‘host’ and multiple slaves or ‘devices’
— Assingle USB host can support up to 127 devices

« OTG: is a Dual mode implementation, can act as either host or device
« VID: Vendor ID uniquely identifies the manufacturer e.g. Apple

 PID: Product ID distinguishes between products for a given vendor
e.g. iPhone, iPod Nano etc

« USB Descriptors: give the host information about the device such as
USB version supported, PID and VID

- Enumeration: process of obtaining descriptors to determine what
device is connected to the bus and load drivers associated with its
device class

- Device Class: defines a protocol for a particular kind of device (e.g.
mass storage, human interface, communications etc)

13 TEXAS
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MSP430 Ultra-Low Power MCUSs

MSP430 Bus Speed/Role

« USB speed classes:
— Low Speed: 1,5Mbit / sec
— Full Speed: 12Mbit / sec
— High Speed: 480Mbit / sec

« MSP430’s USB is a full-speed device, for applications such as:
— Uploading data from a mobile device to a host (PC, cell phone, PDA, etc.)

— Downloading a firmware update from a host
— Controlling/configuring the device from a host

13 TEXAS
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MSP430 Ultra-Low Power MCUSs

MSP430 USB Block Diagram & Data Flow

USB CPU & Peripherals

System
3.3V VUSB DVCC
i 4 MSP430
I
USB Module I PMM — MSP430 power
X 3.3V 1.8V |
_ LDO LDO | CPU | 4 RAM/Flash
I PUR USB RAM
P
) Mm—L o7 &I Transceiver e USB
<+ T = X Engine <> DMA Peripherals
T i |
: VLO N
48MHz | REFO » MCLK
PLL <—| |1 i I T » SMCLK
| |XT1] [XT2) T A
—
I
|
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MSP430 Ultra-Low Power MCUSs

USB Power System (UPS)

* Integrated LDO

— Operates directly from 5V Vg ¢
« LDO outputis provided externally

— Can be used to power device DV

— Can be used to power non-MSP430 components as well (<12mA)

DV, can also be provided through other means
— Easy flexibility for bus/self-powered operation, USB battery charging, etc.

3.3V
LDO

Transceiver & PLL

Transceiver

USB Module

PMM

Other
MSP430

13 TEXAS
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MSP430 Ultra-Low Power MCUSs

USB Clocking

USB clocked from HF crystal
— Or, input a precise clock from another device

Integrated PLL revs it to 48MHz
— Usually powered down during USB suspend, & re-activated when resumed

Can also use clock for other system functions

PLL is programmable — can use many reference freq’s
— Choose one used elsewhere in the system
— Or choose the cheapest crystal you can find
— >4MHz (crystal) or >1.5MHz (bypass mode)

USB VLO N
REFO » MCLK
48MHz <—ﬂ1 ] ] » SMCLK
PLL XT1 XT2 Y » ACLK
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MSP430 Ultra-Low Power MCUSs

MSP430 USB Descriptor Tool

USB Descriptors: give the host information about the device such
as USB version supported, PID and VID

Often the first step towards developing a USB application

Developing structures is tedious & error-prone

— One error & enumeration fails; or worse, appears to succeed but doesn’t
— Debugging is time consuming

— Which settings to use? Compatibility with hosts?

Tl provides a Windows utility to make generating descriptors
easier
— Saves debugging effort and development time

Descriptor files are integrated into the TI USB API stacks (default
descriptors are provided with the stack)

13 TEXAS
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MSP430 Ultra-Low Power MCUSs

MSP430 USB BSL

* On-chip bootstrap loader (BSL) can communicate via USB
— Based on Human Interface device class
— No installations needed

* Invoking the USB BSL
— For a blank device: Supply Vg s (plug in USB cable)

— For a programmed device: Hold switch S3 down (PUR pin) on target
board when supplying Vg s

— Call from user application

* Application report for creating a custom BSL is available:

— [SLAAA450] Creating a Custom Flash-Based BSL
Related code examples can be downloaded from www.ti.com/lit/zip/slaa450

13 TEXAS
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MSP430 Ultra-Low Power MCUs
Easy to use Online Resources

m - Windows In Explorer provided by Texas Inst

5;-" |ip hetp ifocus. .comydacs/prodfaldersiprint/msp43075529.html#taolssaf tware | [42] [ %] [sooge |[# ]

File Edit VWiew Favorites Took Help

Google ‘ v 2 search - & Share - B+ WP Check - P 4 - @ d-smith - B9 Texas InstRuMENTS + [ msp4anissaa ~| £ site Search $p Part Search |

Links “¥? Babel Fish O BBCNEWS @ | E¥M orderering (HH) Facebook &P Galileo Login & MSP430 Fricing Tool @ velocity &% my.ticom i SPIEGEL onLINE R TIEZE - MSP430 Toytown - wetter.com

& [BSHE alles [g EuroTechDays < ECAS < Twikl }szmows—bwt Ulrarlo.., X [@mew Tab [ } [ g v |2k Page ~ {0 Took ~
)
Tools & Software
Name Part # Company Tool / Sof
Code Composer Studio {CCStudio) Integrated Development CCSTUDIO Texas Instruments Code Compr
Environment (IDE) - v4.x
MSP430 USB Debugging Interface MSP-FET430UIF Texas Instruments Developmer
Devel o p m e nt To 0 I S MSP430F55xx 64-Pin Target board only MSP-TS430RGCE4USE Texas Instruments Developmer
MSP430F55xx USE 80-Pin Target board MSP-TS430PN80OUSB Texas Instruments Developmer
IAR Embedded Workbench Kickstart - Free 4KB IDE IAR-KICKSTART Texas Instruments Developmer
MSP430F55xx 80-Pin FET tool and target board combination MSP-FET430US0USB Texas Instruments Starter Kits
MSP430F552x C Examples (IAR and CCSv4) (Rev. A) (ZIP 121 KB )
C Code Examples —— 03 Feb 2010 2,454 views
MSP430F5529 USB Sample Kit - Getting Started and Support Files (Rev. B) (ZIP 1895 KB ) b |
03 Feb 2010 2,027 views
] MSP430 USB CDC+HID API Stacks (Rev. A) (ZIP 7006 KB )
e .
USB St a.C kS 03 Feb 2010 2,306 views
. i3] MSP430 Field Firmware Update Demo (ZIP 410 KB )
USB Field Update tool ——
3] MSP430 USB Descriptor Tool (ZIP 10042 KB
. P!
USB Descriptor tool ——
v
< >

S Unknawn Zone (Mixed) ®125% -
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MSP430 Ultra-Low Power MCUSs

Support Collateral

F5529 USB Sample Kit — Getting Started & Support Files
— Starting a USB Design with MSP430 - 20-page overview of MSP430 USB
— Getting Started — detailed walk-through for using FET target board demo

MSP430 Field Firmware Updater Demo

— *.exe demo for firmware update
— Visual Studio project coming soon
— USB Field Firmware Updates on MSP430 MCUs - 20-page overview

MSP430 USB Descriptor Tool

— Help pane is integrated; readme file in the zip
— If you have trouble running it — install latest Java Virtual Machine

MSP430 USB CDC+HID API Stacks
— API stack for CDC & HID
— Programmer’s Guide for each

13 TEXAS
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MSP430 Ultra-Low Power MCUSs

Complete support packages for USB
development

Tools & Software

MSP430F5x USB Sample Kit

USB BSL

« Supporting device programming
* Field Firmware updates
Descriptor tool

« Configures stack functions
Software tool chain (CCE & IAR)

(((((((

FREE
Vendor ID/
Product ID
sharing program

Additional third party software support

13 TEXAS
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http://focus.ti.com/en/download/mcu/application_for_sublicense.pdf

MSP430 Ultra-Low Power MCUSs

Integration

MSP430 w/USB Roadmap

Ultralow Power Consumption

. Sampling F663x / F563x Performance

‘ Development ° ~ & more
* integration

A 18 Devices
. FB66xXxx/56xXx

| F551x

25 MHz 13 Devices
32 -128 KB Flash .
ADC12, COm;isuss F552x/1x a-low power with USB

From $2.15 . MSP430 Overview

11 Devices
=32 KB Flash F550x ——
ADC10, Comp, Cost efficient

USB w/ reduced
Froma6 eature

26
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MSP430 Ultra-Low Power MCUSs

Single-chip Low-Power Wireless
System using the CC430
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MSP430 Ultra-Low Power MCUSs

What is the CC4307?

CC430

Low Power MSP430 Low-power

RF IC MCU
Radio Application RF SoC
and protocol

processor

frequency

ow Powel
<1 GHz RF

dnNSCelVe
* High sensitivity * Ultra-low power
» Low current consumption » High analog performance
» Power output from -30 dBm to 10 dBm * High level of integration
* Flexible data rate & modulation format » Ease of development
\» 300-348 MHz, 389-464 MHz, 779-928/ \ J

13 TEXAS
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MSP430 Ultra-Low Power MCUSs

Global frequency bands

=] & A % EUROPE
. R e JAPAN
' usk 48 W ST | o Y

N 315/433/915MHz

Wi ASIA P
AFRICA W ¥0215/426/950MHz
! /%
2.4GHz SN 5/433/470/ 750MME . S0 > .

CC430 Supports: 300-348MHz, 387- 464MHz and 779-928MHz

i3 TEXAS
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MSP430 Ultra-Low Power MCUs _ _ _
Broad range of applications benefit

from CC430’s low power networking feature

Consumer /
personal networking

B \Watch/shoe.combination
for monitoring of miles
and calories

® Enough processing for
wireless networking and
batteries that 10+ years

Industrial remote
monitoring

® | ow power sensor networks
for innovative applications
like remote monitoring for
stress cracks

® Harvest energy from motion,
vibration and heat

Home and Industrial
Automation

® Wireless Alarm and
security Systems

B Automated Meter
Reading (AMR)

® Industrial Monitoring
and control

13 TEXAS
INSTRUMENTS
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MSP430 Ultra-Low Power MCUSs

Basic Building Blocks of an RF System

e RF-IC  Balun
— Transmitter / Receiver — Balanced to unbalanced
— Transceiver — Converts a differential signal to a
e Microcontroller single-ended signal or vice versa
— For protocol and applicaiton — Impedence Matching
processing e Filter
— System-on-Chip (SoC): typically Used if ded |
transceiver with integrated uC — Used it needed to pass regulatory
requirements / improve selectivity
* Crystal Antenna
— Reference frequency for the LO
and the carrier frequency
Antenna
MCU (50 Ohms)
1]
- Balun | Filter T
RFIC &
Match %

3

érystél

13 TEXAS
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MSP430 Ultra-Low Power MCUSs

CC430 Radio

9100 0EYdSIN O} SoBUBlU|

O4IdX1

Ja|puey 1exoed

Joje|npowaq

loje|npo\

T oeneon
2R
n.ﬂ
R
S c
o= O
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u
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MSP430 Ultra-Low Power MCUSs

CC430 — Packet Handling Support

Optional data whiterning >

Legend:
——— Optional CRC=18 calculation ———— D Inzserad automatcally in TX,
processed and emoved in R
= e
§ T2 = Dﬂln-l sarmprovided lields processed in TX
Preambole bits ‘; b " i PLCTIER LiSBrariv] I protassad n 1A,
(1010,..1010) g = | 2 Data fiekd E processed but not removed in RX.
= i ] [
L ) 3 P
|:| Unprocessed wser data (spart from whitening )
& a

$—— B x n bits ——< 16732 bits 3

— its ————— [
b }éb i 8= n bits 16 bits —»

&
73

 Built-in support for packet handling protocol:
— Programmable # of preamble bytes

— 8, 16, or 32 sync word bits (programmable quality thresholds)
* Flexible packet length (Variable, fixed, infinite)
« Optional address byte and CRC-filtering

13 TEXAS
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MSP430 Ultra-Low Power MCUSs

CC430 Radio — TX path

 Power Amplifier (PA)
— -30 dBm to +10dBm output power to 50 Ohm antenna
— Due to built-in LDO, output power Is stable across
operating range (1.8V — 3.6V)
— Output is balanced >> requires a balun at a single
ended antenna

 PA Table
— Used for PA power ramp up and down (ASK/OOK)

— Cleaner RF environment when co-existing with other
networks

— PA power can be limited to the necessary minimum
« Useful in achieving the best power consumption budgets

13 TEXAS
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MSP430 Ultra-Low Power MCUSs

CC430 Radio — TX path

* Synthesizer
— Generates the required output frequencies
— Reference crystal frequency range 26MHz — 27MHz
— Very high frequency resolution (397Hz — 412Hz)

 Modulator

— Supports frequency modulation schemes:
« 2-FSK, 2-GFSK and MSK

— Supports amplitude modulation schemes:
« ASK, OOK

— Programmable data rates: 1.2kBaud — 500kBaud

— Supports automatic Manchester encoding, when
enabled

13 TEXAS
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MSP430 Ultra-Low Power MCUSs

CC430 Radio — RX Path

« Received Signal Strength (RSSI) can be read continuously
from RSSI status register until sync word is detected
— Programmable RSSI update rate ... OR ...
— If sync word is detected RSSI value is locked until radio re-enters
RX state
« Carrier Sense asserted on one of two conditions when
used as sync word qualifier

— RSSI above a programmable absolute threshold (hysteresis
Included for de-assertion)

— RSSI increase in programmable number of dB from one RSSI
sample to the next

» Useful for detecting signals with time-varying noise floor

* Carrier Sense also used for Clear Channel Assessment
(CCA)

13 TEXAS
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MSP430 Ultra-Low Power MCUSs

MSP430 Radio Interface Logic

Direct access to
TX FIFO

TXFIFO

INSTRB I I DINB

Instruction based radio controller

INSTRW DINW — Instructions are written byte- or word-
v v wise into INSTR register
Radio Interface Input Data Processing - Approp”ate number Of data
(instruction parameters) are written
v into DIN register
GDOO0
< m‘fjﬁ_ﬁ’pt — Writing INSTR register initiates status
oo Radis Core Gock| -9 update at STAT register
J — Writing DIN register initiates output
e P ¥ data at DOUT register
RXFIFO
Direct access to
T ~=— Auto-Read feature simplifies the read
accesses
Radio Interface Output Data Processing _ SaveS d umm y'W r | '[eS
v v — Speeds up processing
STATW DOUTW . .
— Simplifies usage

STATB I I DOUTB

13 TEXAS
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MSP430 Ultra-Low Power MCUSs

LCD B & AES128 encryption / decryption

« Blinking of individual segments
% ‘noee ||+ Programmable frame frequency
.« Regulated charge pump
« Software-driven contrast control

* Integrated drivers to generate
fractional LCD bias voltages

Internally
« Encryption and decryption according AESADIN
to AES FIPS PUB 197 with 128-bit key iy
« 128-bit input block size AES128
Encryption/
« Byte and word access to key, input, [ AESAEE;’ T—> Decgﬁuon
and output data : -
« Off-line key generation for decryption 7
AESADOUT

« AES ready interrupt flag

13 TEXAS
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MSP430 Ultra-Low Power MCUSs

CC430F613x block diagram

XN XOUT P1xPZx  FaxP4x P5.x RF_XIN RF_XOUT
A2kH 2EMH
( Zji 248 2x8 128 (26MHz)
| % I
1o Ports | | 10 Ports | | 10 Parts I
| MOCLE + Unified _P, ACLK REF Pi1/P2 PaiP4 P&
208 110s || 2xBu0s || 128108 Packeat |
Clock Comp_B ADC1Z
System Voltage Handler
| P LK Referance PA PB |
DMA _ %16 1os | | 1216 10s Digital RSS!
I Conftrallar - Carrier Sense I
" . F W A A F W | F W | F . A A F - PO/ LOI
I 3 Channal | o CCA I
MAE
I Bus
Ent'ﬂ _ MDEB  § v v v v h J h J I
ogic
| h I I I I I Sub-1GHz I
CPUXWZ > Radio
I incl. 16 h 4 i J L 4 cetion,
Registars |l 5¥S I
I Flash Ram Waltch > I
I 32kB 4kB CRC1G :'“9 MPY32 P _ || | CFV Intertaca |
ol 16kE ZkB Part . >
EEM A Mapping
| REER < Controllar |
| MODEM I
B MOE
JTAG 1 'Y F Y * I Y 'y Y F Y
I Interface MAB I
I Frequeancy I
I Spy-Bi- L A 4 vy v v . BB J L 2B J L AR vy Synthesizer
S F uscli_an || oo I
'oar _ !
| Mgt Timerd_as] fTimer1_ad| {UART. S I
DA, SPI) 96 § REANALOG
| LDo 5CC 3ce RTC_A Segments g:f:‘tf T & RX
SVMISVS Registars | | Reaisters Uscl_Bo 1,234 cryplion I
| Brewnout (SR, 12C) Mux Ty I
RF_P RF_N
13 TEXAS
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MSP430 Ultra-Low Power MCUs
Get to market fast — complete ecosystem for

ease of use and fast time to-market

Software & Tools

Easy to use, low cost hardware and software
tools get customers up and running fast: '

RF support: RF reference designs,
SmartRF Studio software, RF packet sniffer, SO

design notes
Support

Extensive community of third party and academia
technology solution providers TIE2E Convunty (86
Comprehensive collateral, extensive application notes,
code examples and libraries

Global customer support network — Tl has the most feet ST , a0
on the ground = e

World wide training options ranging from online to hands
on deep dive technical training

13 TEXAS
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MSP430 Ultra-Low Power MCUSs

EM430F6137RF900 Sample Kit

JTAG connector

Open to measure
jumper JP3

External power connectar VCC

GND
CON12 GND

Open to disconnect LEDs
jumper JPS/JP10

LED D2 (red) connected to,
P3.6 via JP10 o]

LED D1 (green) connect&/
to P1.0 via JP5

RF - Crystal Q1 26 MHz —

RF - Signal SMA \

N

02 mmm=RE IPS

oy Dt mE=mRZ

Jumper JP2
Close EXT for external supply

._
2....: Close INT for JTAG supply
Jumper JP1 Jumper JP1
Close JTAG Spy-Bi-Wire mode
position to P
sauvz dabug in
Cam= R3 W C2m= ==C3 JTAG mode
ooooagoooo
HeeeC HeoO Close SBW position
| mEciiicedimm WECSEL to debug in
o000 o000 -g}g Spy-Bi-Wire mode
Heee c’ o000 =
Port 5 = Ne = \
Push-button S2
:0000 eeeef connected to P1.7
S LY Hees
mFort 1 1 Port2
s 3 Texas
ﬁ O INSTRUMENTS
: EM430F 51 37RF902
Rev. 3.1
Footprint for 32kHz crystal
_— j |-
= c' {— Use 00 resistor for R541/R551
pos 3 to makeP5.0/P5.1 available
. " on connector ports
L4851 1
-
: ' .j*‘* Reset button S1
C EE-
& - i
H 8
O |
X1 .
L N

i3 TEXAS
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MSP430 Ultra-Low Power MCUSs

Chronos | Advanced Features at Your Disposal

CC430F6137 MCU "*«\\3-Axis Accelerometer

<1GHz RF Pressure & Altitude
»« 433, 868 & 915 MHz Sensor
2-Wire JTAG Access Temperature
1 ‘Sensor

96 segment LCD Voltage & Battery

Sensor

Buzzer
~ CR2032 Battery

N \

-Chronos
 Disassembly
- Tool

eZ430

| RF Access.
- Programmer “

“Point

I$ TEXAS 42
INSTRUMENTS




MSP430 Ultra-Low Power MCUSs

Endless possibilities: Chronos serves as
a central hub for nearby wireless sensors

Adjust thermostat

.

Control

L7 "_V f . | i =
'Raise & lowerg ceiling fan
: blinds -

> . AdeSt
. e el ~=—= entertainment
Pair with heart § P == SYyStem settings §
rate monitor ; = e —

Map Chronos buttons
= for PC Automation,
T motion-based control
" and more

.,
* Pair with
! pedometer

i3 TEXAS
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MSP430 Ultra-Low Power MCUSs

Chronos | The Software Difference

* Free development
software

* Production-ready,
open-source projects

* Multiple easy-t ® concoen

RF stacks

— SimpliciTI
— BlueRobin
— More coming...

« User generated apps
and support on

@ Chronos Projects

Watch functions (time, date,
alarm, stopwatch)

Fitness programs: running speed,
distance, heart rate, calories burned

Sensor data logging w/ wireless PC
download

PowerPoint Control
Media Remote

Motion-based mouse/PC game
control

RF control of Beagle board game
Elderly fall detection*

Wireless App Updating*

Car Horsepower/G-Force Estimator*
Skier Speed & Altitude Logger*
More apps to come...

*App in works

WWW.TI.cOom/ChronoSwIKI

i TEXAS 44
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MSP430 Ultra-Low Power MCUSs

CC430 Software To

SMARTREF Studio

Automatically configure your

RF settings

Test the RF front-end
— Continuous RX / TX
— Packet RX/TX

No MSP430 code required!

ipcon General Paci

Fie Hob
Dado e v &3 & [ZigBee 2008 =

Panbr. | Time (us) L I Framve conts ol field Se ience | Source
RX || +dop Lo Tmpe Sac ud her.eq TAT mln( moaber || PN | Addres [0 50 £, CAP B lu: e a
8 »3957227 24 |ECH OxCF 0x0018 || 0x0000 ||1S 15 15 13 14
Fratme contsof field Sequence || Dest. | Dest. |[Seurce Sowmece
ber [T2e 502 120 bok:ceq 1AW compe | mumber | PAR ] Aaarase | Pan Addiess
=4465875 0x51 0x0018 || 0x0000 | OxFFFF | 0x2726252423220008
Punbi. | Timee (us) Length Frame conti ol fiekd [Sequence || RSSI -ch
»x || +1060 Tipe S5 Pod Aok, oq P coms || manber{ i)
=4466935 ACK_ 0 O [] Ox91 -
b, | Time sy Frame conti ol fieid Sequence
RX | +a04951 (e B Pad hok.zeq PAR coape || mimie Addvess m-.
11 ||-assioms || 18 L L oM [ e e
Panb. | [Time fus) ||, Frame control fleid equence kssl
R [ 4965 ||“*" f1pe Sec fnd Ack.req PAN_compr | mumber ||aBmy
12 |-sezess| s [ack o 1 6 [ sz
[Pt | Time s) Frame contr ol fiekd quence
Rt || #3320 [“*"™"|Type sec Pnd Ack.req PAN_compr =
13 |l-assernnf 27 Jow o0 o 1 1 W [ i o e pem e

P, i Frame comtrol fiekd Sequence |
RX || 41283 |/Lomoth [T Sec Pod Aok ceq 248 soupn number «um» =
vl 0 o ocan | _-ss | ok
P | Time sy || Frame control field Sequence || Best. || Dest. || Sewee
Ri | vas619iz | ™" | rype sec P Ack.ceq PAN _conpe | umwber || AN | Aderess | Adaress (48 00 00 00 01 00 0k o1 |
-11520936| L1 |pATa 0 0 1 oma3 || ow001 || o000 || oxoon1 |23 24 25 26 27 26 29 20 &

Setup | Select fiekds | Packet detaiks | Address book | Diplay fiter  Time fne |

SOUACE

1 134
riegetmedbroodcast 01 1000 E0 0 E 0L 0 E LN i
hutrregeiened 0

Autoregetered 1 "

Auioregeiered 2 '

< >
Packet coun: 926 Error count: 1 Fier OFf

Calculation Window - CC2500 - SmartRF ® Studio

Elle Settrgs Heb
Dalen

fuan e s NomalView | Regeservie | Hotes |
3 Crprevaon: [ VERSION =0 v Eonsation
# |OCFGOD [0=02] 0x00 Rogiar |C |
+ IOCFB01 (02} 000 Kislle powes i
* 10EFG2 (042} 00D ok coooi =] ks ~]m P vabin = BFE -
#-AFOTHR (001 0400 FF oulpul power » FATABLE
& $YHC1 Pl B Devistin Datzsle: Morkision: Uil
+ SYNCO (D5} D0 RS Wz 23998 ipad [2FK v ™ Marchesta FF Fieauency - FREO[Z316]
& FRTLEN [0:05] D00 FF heque Chaneel Charnslramter. Pt heberiat | (EQT -
+ FRICTALY 07} B0 [oesaomnn v [z ke [0 ] [t e | [y FREQNSS)
& FRICTALD 03] D) FF Fiequency - FREQ[T0]
# ADDR [0} 0400 Freéone solligs: FSCTALY = 0
% CHANNA [DxDA] 0s00 D: FSIFE?H!LUWH -3 FREQ_IFI4.0] =3 20313 kHe
# FSCTRLY [(40B) (400 Hz
+ FSCTRLDIGAIC} 0400 3 RLE"'"“' clfet 5 FREQDFFIZ0)
+ FAEQ2 [BD] 0x00 JRRE * fti e {ewpanert] > DRATE_E
« FREDT [ I:hu-vmlbmd N E—
+ FREQD [00F]: 000 250 kBan )
1 MOMCFGA [0a10} 040 0kBad 0 HEE i MEM"[';E';?';;‘;“[”““""““"‘W‘-"‘
+ MOMCFG3I0A 1} 0400 Data 13 inaniesal > DRATE_M 3
¥ MOMWCFG2 [0:12) 000 | Copy oetings (o Regiter View |
+ MDMCFGT (0413} 0,00
# MOMCFGD 01 4] 0400
+ DEVATH (015} 000 Sinple P | Simple T Packet F0¢ | Packet T | PER test |
& MCSM2 (D16} DD . 5 =
- HESH1 (171 00 Lergh coriig =] Swowod [02nx]  Addescoriy [Mosdd v Manua nk
& MCSHA 0418 200 = —
el A Packetlergh [ Packelcount. [200 sz I~ FIFO Autcfizh
+ BSCFG (D14} 0400 v [ WDWCFGT - 020
o fomal - ~
5 oo Cocton » FEC EN
o =
= Sync mode:» STNC_MODEIZ0]
r PKTCTRLD = 005
Fcksttomt > FKT_FORMATIS 4]
Forced ta
I CAC apersion > CRC_EN[Z)
Forcedta 1
EO0T ot e raon e e i
[ ] |

4 Devica 1D: Not Cornected Last xecuted command;

Date: 03.04.2008, Time: 10:16:54

SimpliciTl Packet Sniffer

Analyze RF packets in real-
time
Greatly simplifies debuggin

Requires the SmartRF04 or
SmartRF 05 platform

i3 TEXAS
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MSP430 Ultra-Low Power MCUSs

Select

Proprietary or Standard

Solution
La Proprietary SimpliciTl IEEE 802.15.4 RF4CE ZigBee
yer
N\

N\
Application [Design Freedom
J

Higher Layer Protocol
Lower Layer Protocol

Physical Layer

Design Freedom

- J

Design Freedom
\ J

~
[Design Freedom] [Design Freedom]

4 )

Design Freedom

- J

( )

Design Freedom

( )

Design Freedom

( )

Design Freedom

- J

all LPRF devices

Z Stack +

SimpliciTl TIMAC TI MAC TI MAC

CC111x, CC251x,
CC243x, CC253x,
CC430,
MSP430+CC1101,
CC2500 or CC2520

CC253x
CC243x
MSP430+CC2520

CC253x
CC243x
CC2480

CC253x
CC243x

i3 TEXAS
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MSP430 Ultra-Low Power MCUs
BlueMSP development platform (Dual-Mode)

Features 9 Bluetooth®

Serial link Bluetooth applications on MSP430 ConneCtIVIty Card
Bluetooth 2.1+EDR BL6450-based module
Bluetooth Low Energy (BLE) upgradeable Chip antenna
Pre-integration into the MSP430F5438 ® Plugs into MSP430F5438

FM support not included = Experimenter Board

Schedule

. Connectrvrty Card available from 5
Pana W | =

* Bluetooth 2Q 2010 ‘
. Bluetooth + BLE 2H 2010

Out of the Box

= Bluetooth demo applications
(source code format)

ag.game

ontlnua -compliant
Thermometer readlngs
Software

®  Data over SPP (serial port profile)
= Production quality licensed from Tl

. Bluetooth SPP/HDP 2Q 2010
* Bluetooth + BLE 2H 2010

h <®__Medical over HDP (health device profile) __—
Panasonic = Demonstration from T1
ideas for life = Product engagements via MindTree

=  Bluetooth Low Energy (2H 2010)
BL6450 Module

Sunplier System Integrator & Bluetooth / = Demonstrationfrom Tl
HPPIIC BLE Stack Supplier = Product engagements via MindTree
i3 TExas

INSTRUMENTS




MSP430 Ultra-Low Power MCUSs

MSP430 Value Line

MSP430

Ultra-Low Power MCUs

J"I;; TEXAS
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MSP430 Ultra-Low Power MCUs
The Value Line

 Ultra Low Cost product family — with volume pricing starting at $0.25
« Maintains the MSP430 DNA (ULP, Analog Integration, Ease of Use)

« Multi-Phase launch
« Phase 1: Launch April 2010
« 0.5KB -2 KB Flash

« Analog/communication modules: Comparator, 10-bit ADC,
SPI/12C

« Phase 2: Multiple sub families, first samples Q3, 2010, launch Q4,
2010

* 0.5KB - 16KB Flash

» Optional analog/communication modules: Comparator, 10-bit
ADC, SPI/I2C/UART

8 total packages (including DIP, SOIC, TSSOP, QFN)
* Pin compatibility across MSP430 Value Line family
» Also compatible with MSP430F20xx family

TI Confidential — NDA Restrictions 13 TEXAS
INSTRUMENTS




MSP430 Ultra-Low Power MCUSs

16-bit performance for enhanced accuracy
and headroom for differentiation

Safety & Security Lighting Touch pads

IEQ

Consumer Personal Health Intelligent

Electronics & Fitness Sensors

> Headroom and intelligence for new functionality
> More precise settings and faster response time

TI Confidential — NDA Restrictions 13 TEXAS
INSTRUMENTS
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MSP430 Ultra-Low Power MCUSs

8-bit developers no longer need to sacrifice
performance, power efficiency or scalability for

price

Deliver increased feat
and functionality with
16-bit MSP430 archite

Design products with
of battery life through

low power consumptic

> Up to 10X more MIPS
throughput
» Reduced cycles/task

» 50% greater code density

» 10X lower power
» Smart ADC

» Sub 1us wakeup

Accelerate time to me
easy-to-use tools, fre
& extensive third part

» 100 new MCUs
as low as $0.25

» Full compatibilit
across entire MSP430
platform

TI Confidential — NDA Restrictions

13 TEXAS
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MSP430 Ultra-Low Power MCUSs

Value Line Roadmap
4+ | > 100 devices by mid-2011

* Argon (no die spec change)
» 28-pin TSSOP package

\ 4

" added
32KB « Target RTP — Q2, 2011
Order now
4--- ‘ In Development EEEEE====E====EE ~68 devices in
16KB 4 packages
From 1 KB to 16 KB Flash
8KB| -« Krypton ~64 devices in
g * No UART - USI 4 packages
) (SP12C) only From 512 B to 8 KB Flash |uieieiiit e bt
e * 20-pin TSSO/PDIP w'
) . - SC 0 o
< A4KB - TAGEIRTE-Q4, 2010 Intelligent Peripherals
LL
| @ 10-bit ADC
2KB > 27 devices in \ @ Comparator
d-__ 4 Packages N
From 512 B to 2 KB Flasl'« + 8-pin SOIC Serial Comms.
1KB @ @ @ coming soon (SPI/12C)
@ UART
512 B @ Cap Touch I/O
8-pin SOIC 14/20-pin TSSOP 20/28-p_in TSSOP
14-pin TSSOP/PDIP 20-pin PDIP 20-pin PDIP
16-pin QFN 16 pin QFN 32-pin QFN
4/10 GPIO 10/16 GPIO 16/24 GPIO

TI Confidential — NDA Restrictions

13 TEXAS
INSTRUMENTS
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MSP430 Ultra-Low Power MCUSs

The Value line Overview

G2x01 G2x21 G2xx2 G2xx3
G2x11 G2x31 (Krypton) (Argon)
Package Options 14-pin 14-pin 14-pin TSSOP 20-pin TSSOP, PDIP
TSSOP/PDIP TSSOP/PDIP 16-pin QFN 28-pin TSSOP
16-pin QFN 16-pin QFN 20-pin TSSOP, 32-pin QFN
8-pin SOIC 8-pin SOIC PDIP
Max Flash Memory in 2 2 8 16
KB
ISP Yes Yes Yes Yes
Max RAM (B) 128 128 256 512
Clock (Dco with calibration) VLO, DCO,LF VLO, DCO,LF VLO, DCO,LF VLO, DCO, LF
Max Performance 16 MHz 16 MHz 16 MHz 16 MHz
COMP_A+ Yes No Yes Yes
ADC10 No Yes Yes Yes
(T-Sense, Batt. Monitor, Vref and
T-Sense calibration)
Timer 1x TA2, WDT, 1x TA2, WDT, 1x TA3, WDT, 2x TA3, WDT, BOR
BOR BOR BOR
EEM, DMA, MPY, SVS EEM, -, -, - EEM, -, -, - EEM, -, -, - EEM, -, -, -
SPI/I’C/UART USI (SPI/I2C) USI (SPI/I12C) USCI (SPI/I2C/UART)
BSL (Boot-strap-loader), NO, SBW 1, conidential - N R2BWions No, SBW Yes, SBW

Spy-bi-wire




MSP430 Ultra-Low Power MCUs
Leading ultra-low power consumption
drives longer battery life

Typical battery powered

. applications spend 99-99.9%
Standby Mode comparison of their time in standby mode

@ 3V (uA)

G2xx power consumption
Is lower than typical 8-bit
MCUs; ULP, as low as:

* 0.1 yA RAM retention

* 0.4 pA Standby mode (VLO)

* 0.7 YA real-time clock mode
? * Ultra-Fast Wake-Up From
- Standby Mode in <1 ps

[ ]

Comp A Comp B Comp C Comp D MSP430G2xx 1OX |OW€I‘ power

TI Confidential — NDA Restrictions 13 TEXAS
INSTRUMENTS




MSP430 Ultra-Low Power MCUs
Intelligent Peripherals — ADC10 + DTC

ompetitor A

Activity

The competition requires the CPU to
be active for each ADC conversion
and loaded data transfer.

Competitor A

Main

Wait

movlw
movwf
movlw
movwf
movf
movwf
decf
btfss
mov
bsf
btfss
goto
movE
movwf
incf
bef
movwf
incf
btfss
goto

Limited to 10,638

samples/s @
100% CPU load

0x03
ADCONO, GO
ADCONO, GO
Wait
ADCRESH, W
INDF

FSR, F
STATUS, 0x20
INDF

FSR, F
STATUS, Z
main

MSP430+DTC — Do more!

Activity

Data2

Datal
DataO

Data3

CPU is free for
advanced features

Up to 200,000
MSP430 + DTC

bis.w #CPUOFF,6 SR

samples/s @
0.6% CPU load

MSP430’s ADC10 with Data Transfer Controller (DTC)
can manage ADC samples throughout entire memory
range — All without CPU overhead!

» Less time in Active Mode saves power

* CPU available for other more advanced tasks

* Intelligent autonomous sampling

+ Deterministic behavior

TI Confidential — NDA Restrictions

13 TEXAS
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MSP430 Ultra-Low Power MCUSs

Powerful, low cost development tools

eZ430-F2013: $20 Development Syste
* Real-time, in-system emulation
« Removable target with full pin access

@ Code Composer™ Studio v4

Free software IDES ’ -
« Code Composer Studio ™ v4 ‘ﬂ f&”"
* IAR Embedded Workbench T

« EZ430-F2013 ($20) = eZ430 + F2013 target boa
« EZ430-T2012

« MSP-FET430U14 ($149) = FET + F20xx Compa

« MSP-TS430PW14 ($75) = F20xx Compatible Te

Your development tools —only $20

TI Confidential — NDA Restrictions 13 TEXAS
INSTRUMENTS




MSP430 Future Products / Technologies

MSP430

Ultra-Low Power MCUs

UMENTS




MSP430 Ultra-Low Power MCUs

Native 0.9V Operation

Native
Sub 1V

* Native Means...
* The device, including peripherals operates at specified V.

« Additional components such as charge pump are NOT needed to support the
full V. range

« Full functionality of the device is maintained within V. range

« The microcontroller and application are supplied from one common supply
that goes down to min V.

hi-current loads also
Microcontroller supplied from same
¢— (CPU, RAM, ROM, power source

Peri.... all operated
supply RILR3 ———= 1+ 0.9 — ? 65V
with AA/AAA size ' '

1 1

usually single cell

13 TEXAS
INSTRUMENTS




MSP430 Ultra-Low Power MCUSs

Native 0.9V Target Applications

* General purpose low-cost MCU

Consumer

— Electric tooth brush, shavers, etc.
— Toys

— Games

Security devices (door sensors, passive I/R)

Sports applications
Sensors (motion, pressure)

INSTRUMENTS




MSP430 Ultra-Low Power MCUs

W ;%%

b
©) A

RaMTRON

Automotive F-RAM Memory

FRAM: The Future of MCU 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

13 TEXAS
INSTRUMENTS




MSP430 Ultra-Low Power MCUs

) \‘"Q._

®

‘Qr

e
Ferroelectric
RAM (FRAM)

 Endurance

— Proven data retention
to 10 years @ 85°C

e Secure
— Fast access times
— No charge pump

— No perceptible difference in 1 g
read/WFIte processes o Photo: Ramtron Corporation

« Radiation Resistance www.ti.com/fram
— Terrestrial Soft Error Rate For more info on
IS below detection limits TI's FRAM technology

* Immune to Magnetic Fields
— FRAM does not contain iron

13 TEXAS
INSTRUMENTS
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MSP430 Ultra-Low Power MCUSs

MSP430 for Energy Harvesting “Self or Perpetual - Power” Apps

Energy harvesting is the process by which energy
is captured and stored

Can substitute batteries that are costly to maintain
and can extend system uptime

Only possible with ultra-low power components

Solar, kinetic, thermal, RF, salinity gradients, pH
difference and other ambient sources available

Body worn monitoring
devices powered by
body heat, movement

4

Monitor conditions on
farm, winery, etc.

Mesh networking for
environmental
monitoring (e.g. forest
fire detection)

Automotive monitoring
(e.g. tire pressure
gauges powered by
vibration)

Ambient energy: light, heat, motion, RF, etc

Perpetuall
Pov\?ered d
Sensor

Energy Storage &
Power Mgmt

Energy
Harvestor

Low Power
Transciever

Ultra Low Powrer

Sensor(s .
(s) Microcontroller

Environment: temperature, status, position, etc

Energy Harvesting Made Easy — MSP430 Solutions

AdaptivEnerqy

v "HiNERGy
ﬁ N4

2%

micrCpelt

Thin film thermoelectrics.

WLELILE
PMG perpetuum

’

¢~

POWERCAST

Infinite Power Solutions

13 TEXAS
INSTRUMENTS
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MSP430 Ultra-Low Power MCUSs

MSP430 - Introduction to Code Composer 4
Integrated Development Environment

MSP430

Ultra-Low Power MCUs

J"I;; TEXAS
INSTRUMENTS




MSP430 Ultra-Low Power MCUSs

Agenda

CCS version 4.1 overview
Starting a new project
Importing existing projects
Building a project

Running & debugging a project
Debugger Views

Q&A

{ij TEXAS
INSTRUMENTS




MSP430 Ultra-Low Power MCUSs

Overview

« CCS 4 is the integrated development environment (IDE)
for TI's Digital Signal Processors (DSP), microcontrollers
and application processors.

) C/C++ - Main_4.c - Code Composer Studio (Licensed)
Window  Help

Flle Edt View Navigate Project Target Tools

o wata L

@ cjc++ Projects ¢

Lab4 [Active - Debug]
< Binaries

(* Includes

Debug
D5P2802x_DefaukisR.h
Labh

Adc.c
CodeStartgranch.asm
Defaultisr_3_4.c
DelayUs. asm
D5P2802x_GlobalvariableDefs.c
EPw.c

Flash.c

Gplo.c

Main_4.c

Passwords. asm
PleCtrl.c

Plevect.c

SysCirl.c

Watchdog.c
D5P2802x_Headers_nongl0s.cmd
Labs.pk

Lab_4.cmd

FrEREPREEEEREREE

& 55
®
@
.
.
@

L

macros.ini

PiccoloUsbStick. coaml [Active/Default]

>

#include "Lab.

--- Global Varisbles
Uint16 AdcBuf [ADC_BUF_LEN] :
13 Uint16 DEBUG_TOGGLE = 1;

void main(void)
«

PU Initialization
InitSysCerl():
InitGpio():
InitPieCtrl()

9z InitWatchdog();

Section sec

memcpy ( §secureRamFuncs_runstart,

- tia

InitFlash():

the Flash and

ireRanFuncs contains user
gsecur

eRawFuncs_loadstart,

e that runs £

(Uint3

SM secured RAN

2) gsecureRanfuncs_loads

Init ze the Flash (FILE: Flas o
< >
& console D Gu| 2 L3~ 2. Problems [
C-Buid [Lab4] 1 error, 0 warnings, 0 infos
A | Description Resource Path
**#% Build of configuration Debug for project = 15 Errors (1 item)
Lab4 =x== D expected a ™" Main_4.c Lab4
C:\Program Files)\Texas
Instruments\ccsv4)utils)gmake)\gmake -k all
'Building file: ../Main 4.c'
' Invoking: Compiler'
"C:/Program Files/Texas
Instruments/ccsv4/tools/compiler/c2000/bin/cl200 v | £ >

Wriable

Smart Insert | 11:23

85 outine ¢

o
~
L]

(-4

% R
Labh
AdcBUf
DEBUG_TOGGLE
main

EEE

5 %5 Debug | cjc++

°

Source code editor
Project environment
Compiler

Debugger

— Software
(simulator)

— Hardware
(emulator)

Graph windows
Image visualization
Profiler

Scripting capability
Flash programmer

13 TEXAS
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MSP430 Ultra-Low Power MCUSs

Avallable Versions

« Microcontroller Edition, which supports
— MSP430
— TMS320C2800
« Platinum Edition, which supports
— MSP430
— Stellaris
— TMS320C2800
— ARM7, ARM 9, ARM 11
— ARM Cortex M3, ARM Cortex R4, ARM Cortex A8
— TMS470,
— TMS570
— TMS320C5500
— TMS320C6000

13 TEXAS
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MSP430 Ultra-Low Power MCUSs

Licensing Options

Evaluation license

— Full version for 120 days (30 days plus 90 days
extension)

Free version
— Tied to XDS100 emulator

Node locked
— Tied to one PC

Floating
— Install on multiple PCs
— Use on a single PC

13 TEXAS
INSTRUMENTS




MSP430 Ultra-Low Power MCUSs

IDE: C/C++ Perspective (rupee

|; ©CIC++ - Lab_3_soln.c - Code Composer Studio (Licensed) l bar | u[i]

File Edit Wiew Mavigate Project Target Toals Window Help \
: a S - P AR R R R B ciors |

2| @ e o [%
%CJ‘C++ Projects &3 =0 @ Lab_3_soln.c 22 =0 EE OQutling £2 =0
B & T 53 /* Initialize LFXT1 %/ oo ]m BR s e ™
Pro'ect 54 P7SEL |= BIT1+BITO: /{ Enable crystal pins | p———yrs
J 55  LFXT Start (XTIDRIVE 0O): U b osh '
58 ) = hal_pin b
57 while(1]{ Text = hal_useh
58 REFCTLO |= REFCIH: // Enasble internal referen - # STPTTUS PasS
59 _ delay_cycles(55); /4 Settling time for refer ed Itor # STATUS_FAIL
) ADC12CTLO |= ADCI1ZENC+ADCLZ3C; /¢ (Relenable & trigger co # U STI;ING LEN
o # ¥ ones
62 S Poll IFG until ADC1ZMEM1 loaded signifying seguence iz complete # ¥ tenths
63 while (! (ADC12ZIFG & BIT1)); # Crens
o # C_ones
& Binaries 65 ADC12CTLO &= ~ADC12ZENC; // Disable convers to configure REF # F hundreds
glndudas 66 REFCTLO &= ~REFON: // Disable inter reference # F_tens
(= Se_HAL 67 temp tewp = LDC1ZMEMO: g # F_nnes
BLah_S 65 tewp_vee = ADC1ZHMEML: = £ h;\EnardInlt
1l Lab_3_scln.c & o ) ++  halADCInit
) MSP430F5438a.coxml [Active] 7o Temperature in Celsius ++  Format_temperature _string,
D lab_disclaimer txt 71 ST (ALDA4096%2000mW) — 680wV * (1/2.25mV) = (A10/4096%389) - 302 £+ Format_voltage_string
. . _ - N B ! -
a Ink_msp430f5435a . omd e Iy (410 1391) (B35 /S 4096) ® UsE string
73 IntDegs = ((temp_temp - 1391) * §893) Jo409s; @V temp_temp
74 format_temperature_string({IntDeg, 'C') @ temuiv:c
s g main
76 /¢ Temperature in Fahrenheit @  format_volkage_string
= % - i
i ffTE (9/5) *Te + 32 @  Format_temperature_skring
@ 78 IntDegF = [(temp_tewp - 1391) * 1600} / 4096 + 32; @ halBoardInit
79 forwat_temperature_string(IntDegF, 'F'];: ™
g0 __no_operationi): // SET BREALKPOINT HERE
81
- g2 44 Caleulate wvoltage
Fast view a3 /¢ 10 * Batt voltage = Z.0V(A11/4096) * 2 * 10 = 40(A11) /4096
b 84 batt_wvoloage = (temp wvoc * 40) >» 12;
ar 85 format_wvoltage_string (batt_voltage) ;
86 __no_operationi(); O
&7 Outline
88 /% Initimlize serial communication module to send data over USE */ ™

view

T=hTrit i -

Problems
view

& G| 2 %~ = O||[Bk problems 52
1 error, O warnings, O infos
] Diescripkion Resource
on failure = B Errors (1 item)

iles Texas @ expecteda )" Lab_3

Instrumen svdiyutilayomake’ gmake: *EF
[Lab_3_solnd Error 1
C:hwProgrem Fi Texas

Instrumentshcos utilsiomake) gwake: Target “all' not

| (3] B vl <] m ] (e m | 31

Writable Smart Insert 74044
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IDE: Debug Perspective

<+ Debug - Lab_3_soln.c - Code Composer Studio {Licensed)

BB

File Edit View Mavigate Project Target Tools Window Help
FRE R R TR SR B ¥ LeRCRs N T | %5 Debug | R cjoe+
%5 Debug 22 KR @R R @ BT T O ||Loca (1) | watch | 18 Registers (1) 53 - g @ Y =0
= & Lab_3 [Lab 3] - TI MSP430 USB1/MSP430 [Project Debug Session] Mame Value [
5
=i Device ® 8} Core Redisters
=-of? mread [main] {Suspended) ® M aDc1z
main() at Lab_3_soln.ci41 0x05c6a F M4 cpcis
1 c_inkD0_noest() at boot.c 139 0x05C26 w5 oMa
o TIMSP430 USEL{MSP430 {15:15:20) ® st Flash
w| TIMSP430 USELMSP430: CIO (15:15:20) ] MPY_16_ Mulbiplier __:
B MPY_32_Mulkiplier__:
W Port_a - -
@ i pore 12 Register view /
® St Port B -
Debug 5 88 por 3¢ watch view / etc
- ® St Port_C
view ® & Pt 56
= & Port D
@ romn 0x7TTFF
= [ roout 00000
+ [}, PoDIR 0x0000
+ [, POREN 0x0000
+ [ PoDS "--"S"
# [ PDSEL Ource =
T AR e 7 o Code
[£] Lab_3_saln.c 22 A 81| O Memory (1) 22 -0
35 wolatile unsigned long tewp_temp, temp wvoo: edltor ~ =

39
40=-woid main(void)
®l 21
42 vrolatile unsigned long IntDegC, IntDegF:
43 volatile unsigned long batt_voltage;

44 /4 % compiler will not optimize variables

45

46 WDTCTL = WDTPW+WDTHOLD; /¢ 3top UDT
47

45 /% Initialize GPIO to miniwww current consumption */

49 halBoardIniti);

e I Teieimlsem ATC19  ATT

Cansale [ Single Time -0 &3

Graph
window

0x200 ~

Hex 16 Bit - TI Style Hex |+

0000 0J00 0000 0000 0000 ~
0x000Z0C 0000 0000 000270000 0000 0000
0x000218 0000 00P~ 400 0000 EFFF 0000
Ox000zz4 000~ «0 0000 00030 0000 0000
T ~T=,0000 0000 0000 0000

COFF 0000 0000 0000
Me_lnory Q000 0000 0000 o000
view

0000 0000 0000 ooao b
LI o

- =7
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Agenda

CCS version 4.1 overview
Starting a new project
Importing existing projects
Building a project

Running & debugging a project
Debugger Views

Q&A
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Starting a project

 Select the workspace

Select a workspace

Code Composer Skudio stores your projects in a folder called a workspace,
—hoose a workspace folder to use For this session,

i [ ]use this as the default and do not ask again

Workspace: | CliDocuments and Setbingsia07467144My Documentsiworkspace |+

(0] 4 l [ Cancel

Defines the location of your project
« Contains:

— Project settings
— Macros

Views on close

Other custom settings specific for YOUR personal computer
Automatically saved on close

Cannot be zipped and forwarded to others
Can be changed later on

I
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New Project Wizard

* New projects are created by using the “New

Project Wizz

« Mew CCS Project

k&

CCS Project

Creake a new CC5 Project,

Project name: | MakeCoffeg|

IJse defaulk locakion

Location: | C:/Documents and Settings/a07467 14y Documents,

o

Zancel

i
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New Project Wizard

 This will allow to select:

The project type

* Processor used: e.g. C2000,
C6000, Stellaris, etc

The configurations
« Default are
— Debug
— Release
Referenced projects (if any)

The used C/C++ indexer

* Full
 Fast
 None
Output type

A default linker command file

Various project settings
» Device variant
» Code Generation tools version
* Runtime Support Library
« Target content

«+ New CCS Project

CCS Project Settings
Select the CCS project setkings.

Oukput bype: |Executable

Project settings

Device Variant: <select filker = | |M3P430F54354
Device Endianness:
Code Generation tools: | TIv3.2.2
Cukput Format:

Linker Command File: Ink_rnsp430F5438a.cnd

Runtime Support Library: | <automatic>

[(]Treat as an Assembly-onky project

Target content

@ Maore

(") Enable RTSC support {required For BIOS vé.3x, Codec Engine w3, ekc.)

W

L4

b

Mare

fare

Browse, .,

Browse, ..,

|| I I b
< m

Finish

] [ Caniel
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Adding Files

« There are two ways to add files to the project:
— Create a new source file

File Edit “iew Mavigate Projectk Target Tools Window  Help

Mt Alt+ShifeER P £ CC5 Project
Mew File. ., [ Standard Make Project
Open File. . [t RTSE Configuration Project
Close Chrl+ [ Falder
Close all CErl-+Shift 4+ &7 Aource File %
k| Header File
" File:
(& Class
[ Target Configuration File
23§ DSRYBIOS w500 Configuration File
&Y RTSC Canfiguration File

Save As,..

7 Other...

iarsark |ina Naliraibare Te T

— Drop existing source files in the project directory
 All files in the directory of a project are automatically added to the
project.
« Take care that you are not adding unwanted content!
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File System

« All files residing on the HDD in the project’s directory will be
automatically included in the project.

« All included files will be used for a build unless excluded explicitly!
— Make sure only wanted content is in the directory
— Exclude all needed / wanted files, which shouldn’t be included in

the build.

= 15': MakeCoffee [Active - Debug]

+ é Includes

+- .| Blink_LED.c
lc| Lab_3_soln.c
l.c|] £7953_ob.c
T MSP430F54:
= Ink_msp430F

+
+

T

45
4
47
43
44
Mew 3
Cpen
Cpen With 3

Ackive Build Configuration ¥
Clean Selected File(s)

Build Selected Filels)

Exclude Filels) from Build

&

13 TEXAS
INSTRUMENTS




MSP430 Ultra-Low Power MCUSs

Project View

El':,l":++ Projects i = ,:3,':?' = = O
2= Flash_the_l.fﬁ [Active - Debug] Executable output file
= {} Binaries Ref d include di
1% Flash The LED.ouk - [FEpa30e] eferenced include dirs
= IE Includes
+ L@ C: [Progr les) Texas Instruments)cosvd mspd30)include Object- and makefiles
+ @ C:fProgram Files, Texas INstrumerits, Cosyd tools) compiler, mspdaojinciude for current configuration
+-[= Debug ‘
i -
#- L] Bink_LED.c — e Source- and command files

[T M3SP430FS4354, coxml [Active/Defaulk]
@ Ink_rnsp430F5435a.cmd

125 Lab_3

+ TEE MakeCoffes
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C Language Symbols

* Files are automatically parsed and variables, declaration and
definitions displayed. These can be accessed from the outline
view or from the project view

lc| Lab_3 =aln.c
= hal_pram.h
= hal_ucs.h
= hal_use.h R
= spda0xsaa,
# C_ones
# C_tens
# F_hundreds
# F_ones
# F_tens
# STATUS FAIL
# STATUS_PASS
# USE_STRIMNG_LEM
# V_ones
# v_tenths
& termnp_temp
= kermp_woc
= LISE_string
-H- Format_temperature_skring
++ Format_voltage_string
++ halaDCInit
++ halBoardInit
@ format_temperature_string
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Agenda

CCS version 4.1 overview
Starting a new project
Importing existing projects
Building a project

Running & debugging a project
Debugger Views

Q&A

{ij TEXAS
INSTRUMENTS




MSP430 Ultra-Low Power MCUs
Importing an Existing Project

Projeck  Target Tools  Scripks  Window  Help

Ctrl+Shift+P

oy Biuild Ackive Project
’ AC C e S S e d fro m %Rebuild Active Projeck Al +5hift+p

]_%Impu:urt Existing CCSCCE Eclipse Project

]_%Im;u:urt Legacy CC5v3.3 Project [’\}
oy Build Al Ctrl+E
EnRebuild Al Alt+E
<« Import
i YO u Can I m p O rt a S I n g | e p rOJ E I::Il:z:t;:zij:::search fFor existing Eclipse projects. % f /

projects in one step: ]

() Select archive File:

This will also give you the |-~

Lab_4

OPF{OFtun_lty to copy the
projects into your WOrkSpace| o s o

I Finish l [ Cancel

13 TEXAS
INSTRUMENTS




MSP430 Ultra-Low Power MCUSs

Importing a CCS 3.3 Project

« The CCS 3.3 import wizard is called from:

Projeck  Target Tools  Scripks  Window  Help

oy Bl Active Project Ckrl+sShift+P
%Rebuild Active Project Alk+Shifk+P

'|_i}Im|:u:|rt Exisking CCS)CCE Eclipse Project

|_% Irnpiort Legacy CCSw3, 3 Project %
ave Build All Ckrl+E
EtRrehbuild Al Alk+E

« This will help you to import the existing project, but manual re-work
might still be required

— Change or add path names for library functions
— Change of .cdb files
* Notes:

— CCS 3.1 projects cannot be imported automatically. They need to
be converted to a CCS 3.3 project first (using CCS 3.3)

— You can import multiple projects at the same time.

13 TEXAS
INSTRUMENTS




MSP430 Ultra-Low Power MCUSs

Agenda

CCS version 4.1 overview
Starting a new project
Importing existing projects
Building a project

Running & debugging a project
Debugger Views

Q&A
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Compile Flow

Editor
I

| .c/cpp

Link.cmd

'

» ASM —» Linker —» .t

A asm obj _
' '
|

.map

—» Compiler

You can either write standard assembly directly, or it can be created
by the compiler.

Obiject files, created by the assembler, are linked together to create
the executable output file of the processor. The map file is an output
report of the linker.

The .out file can be loaded into your system by the debugger portion
of CCS.
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Build Configurations

* By default, CCS includes two sets of build options:
— Debug
— Release

« Users can create any number of additional build
configurations.

« Users can modify the settings of any pre-defined
build option.
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Build Options

« Build options are controlled by the “Properties” dialog of the project:

B Properties for Flash_the_LED

Z/C++ Documentation
CfC++ File Tvpes
CfC++ Indexer

5 Build

CCS Debug

Project References
Refactoring History

Configuration: |Debug

Configuration Settings

Tool Settings | Build Settings || Build Steps

@ Basic Setting:
=By

g Biasic Opkions:

(2 Language Options:

g Parser Preprocessing Options:
(22 Predsfined Symbols:

g Include Options:

g Diagnostic Options:

2 nuntime Mods! Options:

% Optimizations:

@ Entry/Exit Hook Options:

(22 Feadback Options:

g Library Function Assumptions:
@ Assembler Options:

g File Type Specifier:

g Directory Specifier:

g Default File Extensions:

g Cornrnand Files:

M3P430 Linker

1 Basic Ootions:

=)

type filker kext C/C+ + Build Lo
Infa Active configuration
Builders
i+ Buid Py 2 %

Error Parsers

~

Binary Parser | Environment | Macros

Command: | "${MSP4E0_CGE_ROOT)Hbin/cl430"

All options: | -—silican_version=mspx -g --include_path="C:/Pragram Files|Texas
Instruments)ccsydfmsp430fincude” --nclude_path="C:/Program Files/Texas

Inskruments/cesytoolsfcompiler /msp430jinclude” --diag_warning=225 --printf _support=minimal

Expert settings:

Carnmand ${command} $4Fflags} ${inputsh

line pattern:

Apply ]

[Resmre Defaulks ] [

» The following slides will go into more detail on the more important

options.
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Compiler: Basic Options

Tool Settings | Build Settings | Build Steps

)

Y

Basic Settings:
M3P430 Compiler

@ Basic Options:

@ Language Cpkions:

R

(22 Parser Preprocessing Options:

% Predefined Symbols:
@ Include Options:

@ Diagnostic Options:

(# Runtime Model Options:
@ Optimizations:
@ EntryExit Hook Qptions:

@ Feedback Options:

E Library Funckion Assumptions:

@ Assembler Options:

2 File Type Specifier:
@ Directory Specifier:
@ Default File Extensions:

(2 Command Files:

= B8 MSP430 Linker

{ -

# Basic Ookions:

Erraor Parsers | Binary Parser | Environment || Macros

Y

Silican wersion (--silicon_wersion, -] | mspx
[ ]use large-data memary model {--large_memory_model, -ml)

Debugging model | Full symbalic debug (--symdebugidwarf, -g)
Cptimization level (--opt_level, -0

Control speed s, size tradeoffs {0=size, S=speed) (--opt_For_speed, -mf)

I
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Compiler: Include Options

Tool Settings | Build Settings | Builld Steps | Ervor Parsers | Binary Parser | Environment | Macros
)

(22 Basic Settings: | Specify a preinclude file (--preincude)

= B33 MSP430 Compiler

@ Basic Optians: add dir to include search path (--include_path, -I3 LEE| Q 4}
(8 Language Options: "${CCS_INSTALL_ROOTHmsp430/includs"

@ Parser Preprocessing Options: $106_TOOL_ROOTHincluds

(2 Predefined Symbols:

B s

@ Diagnostic Options:

@ Furtime Model Options:
@ Cpkimizations
@ Entry/Exit Hoaok Options:
@ Feedback Options:
@ Library Function Assumplions;
@ Assembler Options:
(%2 File Type Specifier:
@ Direckary Specifier:
@ Defaulk File Extensions:
2 Command Files:

=83 MSP430 Linker

¥ Basic Ootions:

£ B
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Compiler: Runtime Model Options

Tool Settings | Build Settings | Build Steps

@ Basic Settings:

=Y

Ly

iy
=&

£

MSP430 Compiler
% Basic Options:
% Language Options:

% Parser Preprocessing Options:

% Predefined Symbols:

(2 Incude Options:

@ Diagrostic Options:

(% Runtime Model Options: |

g Optimizations:
# Entry/Exit Hook Options:
% Feedback Options:

% Library Funckion Assumpkions

% Assermbler Options:
(2 File Type Specifier:

@ Direckory Specifier:

g Default File Extensions;
(% Command Files:
M3P430 Linker

.‘ﬁ Basic Qotions:

Errar Parsers | Binary Parser | Environment || Macraos

-~

[ ]workaround specified silicon errata (--silicon_errata) [CPU1S]
[ ] #arkaround specified silicon errata {--silicon_errata) [CPU1E]
[]warkaround specified silicon errata (--silicon_errata) [CPUZ1]
[ ] workaround specified silicon errata --silicon_errata) [CPUZZ]
[ ]#arkaround specified silicon errata {--silicon_errata) [CPUZ3]
[ ]reserve a register For use by the user, {--global_register) [r4]

[ |Reserve a register For use by the user, (--global_register) [r5]

Allow reassociation of sak arithmetic (--sak_reassoc)

Allow reassociation of FP arithmetic (--fp_reassoc)

(] Enums may be charjishort, inskead of int (--small_enum, --small-enum)

Specify how bo kreak plain chars (signedjunsigned) (--plain_char)

I
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Compiler: Optimizations

Tool Settings | Build Settings | Build Steps

&
fi%e]

Y

£T
E

CHY

Basic Settings:
M3P430 Compiler

@ Basic Opkions:

@ Language Cpkions:

E Parser Preprocessing Cplions:

# Predefined Symbols:
# Include Gptions:

% Diagriostic Opkions:

(# Runtime Model Options:

(2 Entry/Exit Hook Options:
g Feedback Options:

E Library Funckion Assumptions:

(% assembler Options:
% File Tyvpe Specifier:

% Directory Specifier:

% Cefault File Extensions:
(2 Command Files:
MSP430 Linker

i Basic Ootions:

Erraor Parsers | Binary Parser | Environment || Macros

Y

[ ]=enerate optimized source interlisked assembly (--optimizer_interlist, -os)

[ ] optimize Fully in the presence of debug directives (--optimize_with_debug, -mn)
Specify call assumptions when optimizing (--call_assumptions, -op)
Specify threshald For automatic inlining {--auto_inline, -oi)

[ ] 1nline functions only called once. {--single_inline)

[ ]remove entryfexit hooks From inlined Functions {--remove_hooks_when_inlining)
Generate opkimizer information file at level [0-2] (--gen_opt_info, -on)

[ ] assume called funcs create hidden aliases (rare) {--aliased_variables, -ma)

13 TEXAS
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Linker: Basic Options

Tool Settings | Build Settings | Buid Steps | Error Parsers | Binary Parser | Environment | Macros

E Basic Options: # | Specify output file name {--output_File, -0} | {Flash_the_LED.out" Browse. ..

E Language Cplions:
% ) Input and oukput sections lisked into <Ffile= (--map_file, -m) | "Flasb_the_LED.map"
W

Parser Preprocessing Cptions:
% Predefined Symbals: @em stack size (--stack_size, -stack) | 160
% Include Options:
@ Diagnostic Options:
2 Runtime Model Options: Link in hardware wersion of RTS mpy routing (--use_bw_rnpy) |FS
@ Cpkimizations:
g Entry Exit Hook Options:
E Feedback Options:
@ Library Function Assumptions;
% Assembler Options:
% File Type Specifier:
@ Direckary Specifier:
@ Defaulk File Extensions:

Heap size for CfC++ dynamic memary allacation (--heap_size, -heap) | 160

(% Command Files:
= B8 MSP430 Linker
E Basic Opkions:
@ Command File Preprocessing:

.‘ﬁ Diaanoskics:
L4 b2

Note:

If the stack size field is empty, you will get a linker warning during build (but the default size will be used).
Also, the default linker command file does not include the stack settings, so you need to set it here!
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Linker: File Search Path

Tool Settings | Build Settings | Build Steps

1
T
&

(# Runtime Model Options:

@ Cptimizations:

@ EntryExit Hook Qptions:

g Feedback Options:

E Library Function Assumptions:
(% assembler Options:

2 File Type Specifier:

(2 Directory Specifier:

% Default File Extensions:

@ Zommand Files:

MSP430 Linker

g Basic Options:

E Command File Preprocessing:
% Diagnastics:

% Linker Output:
% Symbol Management:
@ Runkime Environmenk:
(# Miscellanenus:

Erraor Parsers | Binary Parser | Environment || Macros

Y

Include library file or command file as input (--librarw, - LER TR
"libc.a"
Add <dir = ko library search path (--search_path, -i) & w1 E

"$ICCS_INSTALL ROOTHmsp430/include”
"CG_TOOL_ROOTHIB"
"{CG_TOOL_ROOTHincude"

[ ] 5earch libraries in priority order {--priarity, -priority
[ ] pisable automatic RTS selection (-—-disable_auto_rks)

Reread libraries; resolve backward references (--reread_libs, -x)
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Linker: Linker Output

Tool Settings | Build Settings | Build Steps

&
[4
oy

(% puntime Model Options:
E Cptimizations:

l‘% Entry/Exit Hook Options:
% Feedback Options:

% Library Function Assurnptions:

% Assembler Options:

(2 File Type Specifier:

@ Cirectary Specifier:

E Defaulk File Extensions;

E Command Files:

MSP430 Linker

% Basic Options:

% Command File Preprocessing:
% Diagnostics:

(% Symbol Management:
g Runtime Enviranment:
# Miscellaneous:

Error Parsers | Binary Parser | Environment || Macros

Y

Detailed link information data-base inko <file = {--xml_link_info, -xml_link_info)

List removed dead funckions inka file (--generate_dead_funcs_ist)
[ ]Produce a relocatable output module {--relocatable, -+
[ ]Produce absolute executable object file (default) (--absolute_exe, -a)

Display atkribute settings in map file (--mapfile_contents)

Browse. ..
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Linker: Runtime Environment

Tool Settings | Build Settings | Build Steps | Error Parsers | Binary Parser | Environment | Macros

(% puntime Model Options: A Initialization model | Link using ROM autoinitialization model (--rom_model, -c)

[% Opkimizations:
@ Entry/Exit Hook Options:

(2 Feedback Options: Default fill value For holes in output sections {--fll_valus, -

Set i argofargy memory size (--arg_sige, --args)

@ Library Function Assurnptions:
@ Assembler Options:

@ Fil= Type Specifiet:
(# Directory Specifier:
@ Default File Extensions:
[% Command Files:
= B85 M3P430 Linker

@ Basic Options:

@ Command File Preprocessing:

@ Diagnostics:
@ Fil= Search Path:

l% Linker Cutput;

(% Symbol Management:

[% ‘Runitime Environment: |

@ Miscellaneous:
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CCS Build: General

[t}

CCS Build

Build configuration: |Del:uug

= General | T Link Order || ol Dependencies

Cukput bype: |Executa|:||e

Project settings

Device Variant: | =aelect filker =

v | [Mop4a0FS43EA

&I [ Mare. ..

Cevice Endianness:

Code Generation tools: |TI V32,2

M [ Mare. ..

Cwkpuk Format:

Linker Command File: | Ink_msp430f5438a.cmd

M [ Erowse, ..

Runtime Supportt Library: | <automatic =

&I [ Browse, ..

[ ]Treat as an Assembly-only project
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Finally, the Actual Build

« There are a couple of ways_ to build the project:
— Use the menu bar; 5" ShlAl

Project  Tools  Target Window  Help
— Use the drop-down menu: Cleshite
47 Rebald Acive Project alt+5hift+P

'|_ij1mpn:|rt Exisking CCS)CCE Eclipse Project
'|_i}1m|:u:|rt Legacy 53,3 Praject

1 Build Al Ctrl+E

& rebuild Al BlE+E
Active Build Configuration k
Build Warking Set 4
Clean...

Build Automatically

— Use the keyboard —shortcuts CTRL+SHIFT+P or ALT+SHIFT+P
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Build: The Differences

Build Active Project
— Builds only the active project
— Compiles only new or changed files (incremental build)
Rebuild Active Project
— Builds only the active project
— Compiles all files, independently of their state
Build All
— Builds all projects in the workspace
Rebuild All
— Rebuilds all projects in the workspace
Build Project
— The same as “Build Active Project”
Build Working Set
— Build a pre-defined set of projects
Clean
— Cleans a defined set of projects
Build Automatically
— Builds automatically once a changed file is saved
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Build: One Last Way

. Clicking ~ will build the active project, switch

to the debug perspective and load the executable.

 This will work only, if a valid target configuration is
oaded.

* If CCS Is already in the debug perspective, the
oroject will be recompiled and the executable
oaded.
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CCS Debug Options

type filker bext

Infa

Builders

CJC++ Build

C/C++ Documentation
C/Z++ File Types
ClZ++ Indexer

CZ5 Build

CCS Debug

Project References
Refactoring History

CCS Debug

[l Main | %% Debugger | B Target 'Egy Source | B2 Common

imeneric Debugger Options:
=I-M5P430 Properties
Clock Control

ProgramMemory Load Options
Disable all breakpoints when loading a different program

[JHalt at program termination (requires setting a breakpoint)

Enable CIQ Function use (Fequires setting a breakpoint)

Werification Cptions
(%3 Full verification
I Fast verification
{1 Mo werification

Realtime Options
[JHalk the target before any debugger access

Aubo Run Splions

Run ko | main

On a program load or reskart
On a reset

I
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Debugging a Project

* Once all source files are added to the project and
all project settings are made, the project can be
debugged.

* But, before we can do that, a target description
(aka a target configuration is needed)
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MSP430 Ultra-Low Power MCUSs

Creating the Target Configuration

Tools | Target Window  Help

d System Setup EdltOr IS OpenEd 7, Mew Target Canfiguration. .. % l
ia Debug Ackive Project

from the Target 2> New Target s e moebusge |
Conflguratlon menu Debug Hiskory 3

ql Debug... o

« The new configuration file needs to be named and can
be stored in two locations:

— The “User Defined” folder, which makes the configuration
available to all projects.

"« Mew Target Configuration .
conflguratu

Target Configuration

Create a new Target Configuration File,

Filz name: | Myl argetConfiguration. coxml

[ ]uUse shared location

Location: | [Flash_the_LED
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MSP430 Ultra-Low Power MCUSs

Creating the Target Configuration

* Once the file Is created a connection and a device
~ran ho addad:

Basic

EIT)
FEE

General Setup Advanced Setup
This seckion describes the general configuration about the karget,

Conneckion TI MSP430 LUSE1 = Target Configuration: lisks the configuration options For the target,

Board or Device bype Filter bext

_ Save Configuration
[] msp430Fs41584 ~

[] msp430Fs414 ) |
[] msp430Fs4194

[] msp430F=43s

[] msp430Fs4354

[ msP430Fs436

[] msp430Fs4364

[] msp4z0Fs437

[] msp430Fs4374
- W S S ST 435

MSP430F54330

MIP430F54 354

Moke: Support for more devices may be available From the update manager.
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MSP430 Ultra-Low Power MCUSs

Target Configurations: Use

» Created target configurations are visible from the
“Target Configuration” view. From this view,

CO nﬂg u ra“ons car [lc| CfC++ Projects o4 —| 7 7 0O g Lab_3_s
= b Flash_the_LED [Active - Debugq] e 30 e
—_ Launched = {} Binaries 31 e
+ jf Flash_the LED.out - [M3P430le] 3z
I I =2 Includes 33 S
— Linked to a projec =&
+- (1=} C:/Program Files)Texas Instruments/cosvd/msp430) 34 ur
A kel , .
_ Set as defau It + [1=h i fProgram Files) Texas Instruments)cosydftools/cor 35w
+-[= Debug 36 ol
_ . = |.€| Blink_LED.c 37
Set as aCtlve L mspd30xSdx. b 38w
@ main KR=
— Deleted ® WoTlIsR a0
7, MSP430FS4354, coxml [Ac e
— H wae '_
Renamed | Ink_msp430f5435a,cmd hlew
=125 Lab_3 CIpen
+-» Binaries Cpen With »
+ E Includes e F' :
-2 S HAL Set as Derault Targek Configuration %
- Set as Active Target Configuration
== Lab 3
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MSP430 Ultra-Low Power MCUSs

Advanced Target Conflguratlon

Target Configuration

All Connections Cpu Properties

MaP430 CPU
= T TIMSP430 USEL
= ﬁe MSF'43EIF5438P. Set the properties of the selecked cpu.
Mew. ..
G mspazo [Teypass

initialization scripk

Browse, ..

[ ]5lave Processaor

« Allows to customize the target settings properties like
— JTAG clock frequency

— GEL scripts
— Emulator ports

* Allows to add boards, devices, cpu’s and routers
 Allows to create new connections for emulators
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MSP430 Ultra-Low Power MCUSs

Debug Perspective: Launch

« There are several ways to launch der Debug Perspective
— Use the perspective bar at the far right

— Use the Target - Debug Active Project menu entry or the Debug
Bug on the menu bar

 This will (re-)build the active project
« Switch to the debug perspective
« Connect to the target
« Load the program
« Go to main()
— Use the Target - Launch TI Debugger menu entry
 This will switch to the debug perspective
« But will not connect to the target
« And will not load the program
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MSP430 Ultra-Low Power MCUSs

IDE: Debug Perspective

<+ Debug - Lab_3_soln.c - Code Composer Studio {Licensed) E]
File Edit View Mavigate Project Target Tools Window Help
FRE R R TR SR B ¥ LeRCRs N T | %5 Debug | R cjoe+
%5 Debug &2 % U - - 23R * - o [0 7 T O |Local (1) | Watch | W Registers (1) 52 = EOIRe U T s A
= & Lab_3 [Lab 3] - TI MSP430 USB1/MSP430 [Project Debug Session] Mame Value [
=i Device ® St Core Redisters
=g Thread [main] (Suspended) = 58 npciz
main() at Lab_3_soln.ci41 0x05c6a F M4 cpcis
1 c_int00_noesit() at boot.c; 139 0x05c26 ® B oMa
sl TIMSP430 USELMSP430 {15:15:20) = nﬁm Flash
1 TIMSP430 USELMSP430: CIO (15:15:20) ® B MPY 16 Mukigher
B MPY_32_Mulkiplier__:
] Fart_A a O
® il pore 12 Register view /
® & port B -
Debug 5 88 por 3¢ watch view / etc
- ® St Port_C
view ® S Port 5.6
= & Port D
@ romn 0x7TTFF
= [ roout 00000
# [} FoDIR 00000
# (3 FoREN 0x0000
+ [ PoDS "--"S"
# [ PDSEL Ource ”
o A v o Code
\g] Lab_3_soln.c &% - B 1| @ Memory (1) 22 =0
35 wolatile unsigned long tewp_temp, temp wvoo: edltor ~ =
2 Ox200 ~
40=-woid main(void)
w141 o - e
42 vrolatile unsigned long IntDegC, IntDegF: .
43 volatile unsigned long batt_voltage; Hes 16 Bit - T Style Hex | v
44 /4 % compiler will not optimize variables 0000 0000 0000 0000 0000 )
45 0x00020C 0000 0000 0000 0000 0000 0000
46 WDTCTL = WDTPU+WDTHOLD: /¢ Stop WDT Ox000218 0000 0000 IFIEIEIEI 0000 EFFF 0000
a7 Ox000z224 0000 OR=~—Zo00 0000 0000 0000
45 /% Initialize GPIO to miniwww current consumption */ M 221?10‘ gggg gggg gggg
it l;lalBDardIn:Lt e , emory 0000 0000 0000 0000
co F Teitimliem ATEAn DT = o
vlew 0000 0000 0000 ooao ~
Cansole [ Single Time -0 £3 Graph i s = =0

== LI o

window
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MSP430 Ultra-Low Power MCUSs

Debugger View

% Debug 52 ¢ b - -~ 3 @ 3T E » o T Y T O

= & Flash_the LED [Debug] - TI MSP430 USE1LMSP430 [Project Debug Session]
= jﬁ.} Device
=0 Thread [main] (Suspended)
= 0 maini) at Blink_LED.c:S 0x05c2c
1 c_int00_nainit_noexit) ak book,c: 154 0x05cle
p- TI MSP430 USE1/MSP430 (16:02:39)
g TIMSP430 USELMSP430: CI0 (16:02:39)

This view tells you the state of the debugger (connected / disconnected), if the program is
currently running and at which line (PC) the code is currently executed.
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MSP430 Ultra-Low Power MCUSs

Loading a Program

« |f Debug Active Project was used to switch to the debug perspective
— The target is already connected
— The program is already loaded
— The PC is already at main()

« If Launch TI Debugger or the Perspective Bar was used to switch to
the debug perspective

— Connect the target by
« Selecting Target = Connect Target or <ALT-C>
« Using the Connect Target button on the menu bar
— Load the program by =
« Selecting Target - Load Program or <CTRL-AL i-L>
« Using the Load Program button on the menu bar

— You might want to issue a CPU Reset and a Go I @ n afterwards.

13 TEXAS
INSTRUMENTS




MSP430 Ultra-Low Power MCUSs

Debugging a Program

b= ~ Run (F8) / Run Low Power / Free Run

LIL Halt program

"' Terminate debug session. This will switch back to the C/C++ perspective (CTRL+ALT+T)
=, Step into (F5)

e Step over (F6)

Assembly step into

Assembly step over

')

Step return (F7)

¥ =

Reset CPU (ALT+R) / Reset Emulator

Restart (ALT+F8)

G
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MSP430 Ultra-Low Power MCUSs

Breakpoints

« Breakpoints can be set in
two ways:

— Double clicking in the grey
bar at the left side of the file
view

— Right-clicking on the line
where the breakpoint should
be located and selecting
“New Breakpoint”

« Breakpoints can be
viewed and manipulated

(and if needed added) in
the “Breakpoint View”

Z=woid mwain(void)
4
el C WDTCTL = WDTEW + WDTHOLD:

7 F1oUT = 0x00;
g F1DIE |= BITO:

10  WDTCTL = WDT_ADLY_1000:

11 SFRIE1 |= WDTIE:
Za Breakpoints 3 = 8
s~ R %R w BB Y
Location Mame Condition

= [#] ™ TIMSP430 USE1{MSP430
Q Blink_LED.c, line 10 {0x05 Breakpaink
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MSP430 Ultra-Low Power MCUSs

Agenda

CCS version 4.1 overview
Starting a new project
Importing existing projects
Building a project

Running & debugging a project
Debugger Views

Q&A
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MSP430 Ultra-Low Power MCUSs

Editor View

« Allows to make changes in the
source code without leaving the
Debug perspective.

« Right-click on a line will open a
context sensitive menu.

|.¢| Blink_LED.c &2

1 #include Mwospd30xSdx.h™
2
37volid wain(void)

WDTCTL = WDTPW + WDTHOLD:

=4

5

[

7 F1oOT = 0=00;
(= PI1DIR |= EBITO;
=

ﬁ)’l[l WDTCTL = WDT ADLY 1000;

Mew Breakpoint
Toggle Breakpoint

= Run ta Line
._{-:-",' Set PC o Cursor

553"' Add Watch Expression

Paste
Cornrnent
Farmat

Cpen Declaration
Cpen Definition

Go ko next member

G0 ko previous member
Declarations
References

Search Text

Chrl+R

Chrl+3

Chrl+y

CtrH-Shift+F

F3
Ctrl+F3

Chr[4-Shift+Dovwen
Ctrl+Shife+Up

11 SFRIE1l |= WDTIE:
! Debug As 3
12
13 shle int ti); Team ’
12 s =8 =_interrupt(); Compare Wwith ]
Replace wWith 3
15
16 // Watchdog Timer interrupt = Exclude File(s) From Build
17 #pragma vector = WDT VECTOR [3 '
i3 TEXAS
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MSP430 Ultra-Low Power MCUSs

Disassembly View

=2 Disassembly (WDT_ISR) 53 = 0O
: Enter location b ), i "
* Opened by selecting |9 & | 3|8 FT
. ] 0x05C022:  C392 0102 BEIC.W  #1,s3FR_ Speciala
“View = D|Sassemb|y 0x05C26:  E3DZ 0202 XOR.B  #1,sPort A PAOT
Ox05C02A: 1300 RETI
. main:
¢ ShOWS. 0x05C02C:  40B2 5480 015C MOV.W  $0x5a50, sWatchd
0x05C032: 4302 0202 CLR.E  &Port_i PAOUT
— Address W 0x05C36: D302 0204 BEIS.E  #l,sPort &4 PADII
#¥0x05034:  40B2 5SA3C 0LSC MOV.W  $0x5a3c,sWatchd
— Opcode 0x05C040: D392 0100 BIS. W #1,s5FR_ Special
0x05044: D232 EINT
— Disassemb|y 0x05C46: 0110 RETA
_system pre init:
- Ox05C48: | 431C MOV.W  #1,R1Z
e Can be customized ox0scaa: | o1lo RETA
CS55EOT, ahort:
e Can be Shown Ox0SC4C: 4303 NOP
CAL1:
_ 0x0SC4E:  3FFF IMP (CSLL)
Always nep:
- . 0x05C50: 0110 RETA
- Only If no C-source code is 0x05052:  FFFF FFFF AND.E  @R1S+,0xEEEE(RLIM
available $ ?
e Can also be used to set
breakpoints
i3 TEXAS
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MSP430 Ultra-Low Power MCUSs

Watch Views

« Local variables are displayed automatically
« Other watch expressions can be added easily

« EXpressions can be a global or a local variable or logical / arithmetic
expressions using them (or use it as a quick calculator)

« Additional watch views can be added and the display can be

customized
« Variables can also be watched in Q format
Local (1) t"io;‘fftchm 23 o R % oG Y 7O
Marmne Walue Address Tvpe Format
()= i 100 0x00000405@Data unsigned ink Makural
()= walue S0 Oex00000404@Daka ink Matural

= walue * i 5000 unsigned ink Makural
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MSP430 Ultra-Low Power MCUSs

Memory View

« This view can be opened by
“View - Memory”

* Displays the contents of the memory at
a certain address

— If variables are used to set the
address the ‘&’ operator needs to
be used unless the variable is an
array.

 Memory contents can be displayed in
several ways:

— Floating point

— Integer

— Hexadecimal (Tl and C style)
— Binary

— Character

— 8/16/32/40/64 bit

« The memory view also allows to save,
load and fill memory

« Several memory views can be open at
the same time

Disassembly (C$DWHLEmaing24E) | Memory (2) 23

painks

Ox001co0

Ox001C10
Ox001Cz0
Ox001C30
Ox001C40
Ox001C50
Ox001Ca0
Ox001C?0
Ox001CE0
Ox001C20
Ox001CAD
Ox001CEO
Ox001CCOo
Ox001CCE
Ox001CCH
Ox001CCe

Hewx 16 Bit - TI Skyle Hex

.b=s, hss, points

0031 0030 0O0ZF OOZE OOZD 002C OOZE
0024 0029 0028 0027 0026 0025 0024 0023
00zz 0021 0020 0O01F OO1E 001D O01C OO1E
0014 0019 0018 0017 0016 0015 0014 00135
0012 0011 0010 O00F QOOE 000D Ao0C 000B
Q004 O00% 0005 0007 0006 OO0S5 0004 00035
0002 0001 0000 0001 0002 0003 ao04 0005
000s 0007 0008 0009 0004 OOOE OOOQC 000D
OO0E O0OF 0010 0011 0012 0013 0014 0015
0016 0017 0015 0019 0014 0O01E OO1C 001D
OO1E O0O1F 0020 0021 0022 0023 0024 0025
0026 0027 00258 0029 0024 002EB O0ZC 002D
O0ZE OOZF 0030 0031
lock
S5CEL 0000
unlaock
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MSP430 Ultra-Low Power MCUSs

Register View

Opened from “View - Registers”

One window will display all the
register sets

Multiple register windows can be
opened at any time

Registers can be manipulated from
this view

Two different views are available:
— Tree (default)
— Grid (with a selectable number
of grids)
Registers can be copied
individually or as complete set

Local {13 | Wakch (13 | 8f4] Regiskers (13 &2

Marne
ualin:ﬁ Care Registers
MR aDc1z
M CRCLE
ﬁﬁ W]l
B Flash
B MPY_16_ Multiplier
B8 MPY_32__Multiplier __
B8 Port_a
uﬁuiﬁﬁ‘ Pork_1_2
u'%ltﬂgf Part_E
u'g'ua&gi‘ Port_3_4
a'%lkcﬁ Part_iZ
ualﬁ Port_5_ &
] Part_D
[ PoIN

+ [} PoouT

# [} PoDIR

+ [} POREM

+ [} roDs
[ PosEL
ualﬁ Port_7_8
] Part_E
5 Park_9_10
B8 Port_F
uﬁuiﬁﬁ‘ Part_11
u'%ltﬂgf Park_1
T PMM__Power_Manage
A RC__RAM_Contral_Mc
e shared_Reference
] RTC__Real_Time_tCloc

R e == s I =S R e R e =

+

e e R e e A = R =

FE i
aEa \'-l.-:' 1 &
Yalue &

0=77?FF
0=0000
Q=0000
Q=0000
0=000a0
0=0000
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MSP430 Ultra-Low Power MCUSs

Graph View -

[“\5' ®RE #p oz

— Manual

— Refresh on halt e magritude 0 52 =5

— Continuous refresh o= S R
Display can be customized

— Line style

- Grid

— efc.

If in continuous refresh mode, the update
interval can be set in the local menu of the
Watch View ®

- Data can be exported

Can be accessed from
Tools - Graph

Time-Domain
— Single / Dual
FFT:
— Magnitude / Magnitude Phase
— Complex
—  Waterfall
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MSP430 Ultra-Low Power MCUSs

Other Debugging Options

* Under “Tools - Debugger = Generic Options other stuff
can be configured as well:

— Behavior of breakpoints if another program is loaded

— Autorun: Where the program should run to after a load
or a reset

— Different launch options: Connect to target, restore
breakpoints from previous session (can be dangerous!)
etc

— Display of processes etc
— Interrupt handling during assembly debugging.
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MSP430 Ultra-Low Power MCUSs

Refactoring

« Refactoring allows you to rename variables etc on a

project or system wide level.

« Select a variable, right click and select Refactor
or <alt-shift-r> or Edit - Refactor

«» Rename glohal variable ‘points’

Changes to be performed &4 45|
|.£| main.c & ﬁ
Original Source Refactored Source
-~
|volatile int points[100] ; I—'volat,ile int graphl[100]: |
u]
wold main(wvoid) wold main(wvoid)
{ {
unsigned int i: unsigned int i:
int walue = -50; int wvalue = -50;
for (i=0; i<100; i++) for (i=0; 1i<100; i+4)
{ {
points[i] = sbs(wvalue); graph[i] = abhs(value):;
value++; value++; hd
Ok H Cancel

«* Rename global I%;ariahle ‘points’
0

Rename to: araph

Scope of refactoring:

() all projects

() relaked projects
{}} project

{3 working set:

Update within:

source code
commenks
macro definitions

Cancel
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Thank you




