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 Interfacing MSP430 with Chipcon Transceivers

 Available hardware/software/kits

e Demonstration
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ClinTaimmmes  MSP430 Key Features

« 0.1pA power down  Modern 16-bit RISC CPU
« 0.8pA standby mode e 1K to 128KB+ ISP Flash
« 250pA / IMIPS e 14-to 100-pin options

e <1ps clock start-up  Intelligent peripherals

boost performance
« Embedded emulation

e Zero-power BOR
e <50nA pin leakage
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@ ‘ Chipcon Products

from Texas nstuments — UJ|tra-Low Power Activity Profile

Active Active

220pA - — (|-

Standby

« Extended Ultra-low Power standby mode
 Minimum active duty cycle
 Interrupt driven performance on-demand
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Clfomtoesinsmmens  Ultra-Low Power Clock System
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ACLK
>
low-power peripherals

’|,|,|,|ﬂ ’|,|,|,|ﬂ MELK

CPU and peripherals

* Always-on low-frequency ACLK
 On-demand high-speed DCO
« DCO on and stable in <1pus
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| Modern orthogonal 16-bit
Clior T tsmments  RISC CPU

MDB I\?A\B
 No accumulator bottleneck 1T [Rame 2
e RISC architecture LR1/SP '
[ R2/SR |
— 27 core instructions [Ra/ce |
— 24 emulated instructions :R.“. :
R5
— 7 addressing modes [Ro |
— Constant generator [R _ ]
: : ! [R8 |
» Single-cycle register operations [Es |
[R70 |
e Memory-to-memory S |
atomic addressing :31,2 _ :
R13
 Bit, byte and word processing [Ris ]
. . RE |
e C-compiler friendly 16T e
N 16-bit ALU ||
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@ ‘ Chipcon Products

from Texas Instruments Intelllgent Perlpherals

e 10-/12-/16-bit ADC e Watchdog timer
o 12-bit DAC « UART/LIN
 Comparator e [2C
 LCD driver « SPI
« Supply Voltage e IrDA
Supervisor (SVS) « Hardware multiplier
e Operational amplifiers « DMA controller
e 16-bit and 8-bit timers « Temperature sensor
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ClfomTaasnsmmens  CC1101/CC2500 Key Features

. High sensitivity * Very few low cost external

. components required
« Excellent selectivity and P d

blocking performance * Small footprint
« Low power consumption * Easy to configure
(400 nA in SLEEP) * Flexible operation
« [Fast startup time « Packet handling with separate
« Fast state transitions 64 byte RX and TX data buffers
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ClienTaimmmes CC2420 Key Features

o 2.4 GHz RF transceiver for IEEE
802.15.4 and ZigBee™ applications

* Very few low cost external
components required

%Qf_i? R « No external RF switch/filter needed

)7 IEee szt _ » Packet handling with separate 128
gy, o u i byte RX and TX data buffers
ég. ,........ « Hardware MAC encryption and

") un authentication

e Low current consumption

* Low supply voltage with internal
voltage regulator

 Programmable output power

» Excellent selectivity and blocking
performance
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from Texas Instruments Ty p | C al A p p I | cat | ons

CC1100/CC1101 CC2500

315/433/868/915 MHz 2.4 GHz

« Home and building automation e Wireless game controllers
« Automatic meter reading (AMR) | ¢ Wireless keyboard/mouse

* Wireless alarm and security  Wireless audio

systems « Sports and leisure equipment
e Industrial monitoring and e Consumer electronics

control

 Wireless sensor networks
e Consumer electronics

CC2420 - ZigBee
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@ ‘ ﬁtirﬂc'?enx:::g:t(:ﬁments Wh y M S P430 an d CCXXXX r)

Target many of the same applications
— Battery powered applications

— Wireless sensor applications

— AMR

Designed for low power

— Low power consumption
— Low operating voltage (1.8V .. 3.6V)
— Fast startup from sleep

Few external components

Transceivers compatible with all MSP430
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« MSP430 and Chipcon Transceivers Key Features
« Available hardware/software/kits

e Demonstration
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Chipcon Products InterfaCIng MSP430 Wlth
@‘fromTexaslnstruments CCllOl anc CCZSOO

 The radio Is configured via a simple 4-wire
SPI compatible interface where the radio is
the slave and the MCU is the master

MCU Radio
scLk nnnnnnyf o o ¢

MISO leJ U LI LI SO
Px.x » CS
PX.X |« GDOO0
PX.X |« GDO?2

e 2 (3) generic digital outputs can be used for
waking up the MSP430, triggering interrupts
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CliomToaimsumens  POSSible Interfaces on MSP430

Px.x (/CS) Px.x (/CS)

P3.3/UCLKO P1.5/ SCLK

P3.2 / SOMI0 P1.6 / SDO

P3.1/ SIMO0 P1.7 / SDI

P1.x or P2.x (GDOO) P1.x (GDOO)
USARTn usli

Px.x (/ICS) Px.x (/ICS)

P7.3/ UCAOCLK Px.x (CLK)

P7.2/ UCAOSOMI Px.x (MO)

P7.1 / UCA0SIMO Px.x (M)

P1.x or P2.x (GDOO) P1.x or P2.x (GDOO)

USCI_A/B_n BIT-BANG
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@ ‘ :’:rgwlc?enx:;‘:g:;?ments S P I I n te rfaC e
e MSP430 is master

e All address and data transfers on the SPI
Interface is done most significant bit first.

e Clock Phase: Data must be centered on the
first positive going edge of the SCLK period.

* Polarity: SCLK line should be low in idle state.

SCLK

i ] | | | | | | |
| | | | | | | | |
| [} | | | | | | |
! ! ! ! ! ! ! ! !
MISO/MOSI@K MSB X Bit 6 >}< Bit 5 >{< Bit 4 ><Bit3 >{< Bit 2 >< Bit 1 >}< Bit 0 >®
At A A e A —
| ] | | | | | | |
| I | | | | | | |
| | | | | | | | |
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Clfon e msmmens  GP1O from CC1101/CC2500

2 (3) general purpose output pins from the radio
with more than 30 different functions

« Should be connected to interrupt capable ports on
the MSP430 (Port 1 and Port 2)

e Use the same port — allows one interrupt vector
for all radio events

e For bit-banging, consider using pins 1 to 4 on the
port — the MSP430 can take advantage of its
Internal constant generator to create more efficient
code
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Chipcon Products

from Texas Instuments ~ \\/N1CH device to choose?

o Select an MSP430 that matches your application
(peripherals, flash, ram, cost)

o Select a radio that matches the communication
requirements
— frequency (<1 GHz or 2.4 GHz)
— protocol (proprietary or 802.15.4/ZigBee)
— narrowband (channel occupancy)

Suggested Devices Cost Efficient General Purpose High End

F22xX F16x FG461x

MSP430 F41x F23x/F24x F261x

Low Power <l1GHz CClxxx (CC1101)

Wireless

2.4GHz CC2xxx (CC2420, CC2500)
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Chipcon Products
from Texas Instruments

MSP430 Wireless Sensor

~ T

©

Analog
Sensors

MSP430F2274
N
. 12-bit
' ADC
”
Timer

Technology for Innovators®

SPI

GPIO

CC1101
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ClfonToesinmmens  MSP430 ZigBee Coordinator

CR2032 || Svs ISP Flash RTC
— [ 32768
, MSP430F2619 | T
G P, —
éAnalog fw 12-bit |
ensors

. N\, ADC , :
|
S MA
~—— - 2 SPI
<:|j> CC2420
DAC12 GPIO
| USCI
{}SPI/UART
Other Peripherals
(LCD/EEPROM/USB
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« MSP430 and Chipcon Transceivers Key Features

 Interfacing MSP430 with Chipcon Transceivers

e Demonstration
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ClfonToensmmens  MSP430 Experimenter’s Board

 Connector for
CC1100/CC1101/
CC2500/CC2420 EMs

(= Chipcon

« SW examples and
function library
available at 1
www.ti.com/ccmsplib By NSP :3@3_5

EXPERINERTER'S R0ARD
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Cfon T mswmens  CC2420MSP430 ZigBee kit

« CC2420 + MSP430 Exp Board

— Hardware bought as separate parts
— (~ $300 w/o debugger)

« Complete ZigBee stack available
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Cliontnainsmens Z430RF
 Demonstration kit with fully operable debug
Interface to MSP430
« CC2500 with chip antenna
« MSP430 and CC2500 reference design
 Ideal for prototyping
e Can be used with SimpliciTl

Spy Bi-Wire &
UART Interface

Buttgn foLEDS
UsSB e Sray _— CC2500
Powered ® hag)
Chip
Antenna
18 pins
MSP430F2274 accessible
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@ ‘ gg?lc'lqenx:;?g:;t:ments Z — A C C e |
 Demonstration kit with “ZigBee Processor”

e MSP430F2232 interfaces CC2430 over SPI
e« CC2430 runs the ZigBee stack, MSP430 runs the

application.
« Command interface supports the Tl Z-Stack
Simple API
Spy Bi-Wire & CC2430

UART Interface

USB

Powered MSP430F2232

(backside)
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from Texas Instruments AV al I ab | e SOftW are

" Software for CC1100/CC2500 and MSP430,
Examples and Function Library”

www.ti.com/ccmsplib

SimpliciTl

TIMAC for MSP430 & CC2420
www.tl.com/timac

ZigBee Stack for MSP430 & CC2420
WwWw.ti.com/z-stack

Technology for Innovators” Wi TEXAS INSTRUMENTS




€ [FonToasinstmmens  CC1101/CC2500 & MSP430 Lib
 Runs out of the box on MSP430 Experimenter’s
Board

* Provides functions for easy access to the
CC1100/CC2500

« Recommended starting point for experimenting
and developing SW

// Example:

// Reset chip and send packet
halRfReset();
halRfConfig(...);
halRfWriteFifo(data, length);
halRfStrobe(CC1100 STX);
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from Texas Instruments SI m p I I C I TI

 Low Power: a Tl proprietary low-
power RF network protocol

Low

e Low Cost: uses <4K / 8K FLASH, < Power
512 bytes / 1K RAM

* Flexible: simple star w/ extendor
and/or pZ2p communication

« Simple: Utilizes a very basic core API

 Versatile: MSP430+CC1100/2500,
CC1110/2510, and DSSS parts

 Low Power: Supports sleeping
devices
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from Texas Instruments SI m p I I C I TI

e Device Configurations
— Access Point (AP)
— Repeater (RE)
— Sleeping Device (SD)
— Device (D)
— TX-Only Device (TD)

 Topologies
— AP Star
— AP Star w/ Repeaters
— Peer2Peer
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Go to www.tl.com/msp430wireless
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« MSP430 and Chipcon Transceivers Key Features
 Interfacing MSP430 with Chipcon Transceivers

 Available hardware/software/kits
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Wireless Glass Breakage
Detector with

MSP430F2274 + CC1101
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from Texas Instruments — G|2SS Breakage Detector

MSP430F2274
Timer_A ISR
Y
Software
i ) Y
Amofif Amplifier 2 LWDF
» nti-Aliasing i [ » B > i
Gain = —7 Filtor f, = 38.9 ksps f.~9.7 kHz Analysis S
Microphone Gain=1 -
20 Hz to 20 kHz AAFOn E[Q
O AAF Off .
LED
N l 4
7/ AN
CC1101
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HW Initialization

Glass Break
Detected

Protocol

y

Reset and
Configure radio

y

Strobe SPWD
(radio sleeping)

y

Enable interrupts

v

Enter LPM3

Using a simplified

protocol for

sending the alarm

message
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4

Prepare packet

Y
Write packet to
FIFO

4
Wait for packet to
be sent

4
Wait for ACK with
timeout

ACK or
max retries?

:

Strobe TX <

Strobe SPWD

4

Exit ISR




(S |Ghipcon Products (s wE) Protocol

Reset and
configure radio

Set sync received
v flag

—» Strobe SWOR

4

v MCU exits low power
mode and returns from

interrupt
SYNC N ) MCU enters low
received power mode
Y
v

Read radio status «—N

FIFO
overflow

Packet
OK?

N

Send ACK Clean up
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Thank you for your attention!

Questions?
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IMPORTANT NOTICE

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

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

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

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

Reproduction of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration and is
accompanied by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an
unfair and deceptive business practice. Tl is not responsible or liable for such altered documentation. Information of third parties
may be subject to additional restrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by TI for that product or service
voids all express and any implied warranties for the associated T| product or service and is an unfair and deceptive business
practice. Tl is not responsible or liable for any such statements.

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

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

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

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

Products Applications
Amplifiers Bmplifier.fi.con Audio [nww ircom/audid
Data Converters Automotive [www ii-com/automofivg
DSP [sp Broadband
Interface Digital Control [yww ii.com/digitalcontro]
Logic [oaiciiconi Military [vww T com/militany
Power Mgmt Rowerirconj Optical Networking [xww i.com/opficalnetworR
Microcontrollers Security
RFID Telephony [yww Ti.com/telephony
Low Power Video & Imaging [vww ti.com/vided
Wireless

Wireless [ww ircomiwirelesd

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2007, Texas Instruments Incorporated


http://amplifier.ti.com
http://www.ti.com/audio
http://dataconverter.ti.com
http://www.ti.com/automotive
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http://www.ti.com/broadband
http://interface.ti.com
http://www.ti.com/digitalcontrol
http://logic.ti.com
http://www.ti.com/military
http://power.ti.com
http://www.ti.com/opticalnetwork
http://microcontroller.ti.com
http://www.ti.com/security
http://www.ti-rfid.com
http://www.ti.com/telephony
http://www.ti.com/lpw
http://www.ti.com/video
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