CC430: MCUs for space constrained,
ultra-low-power, wireless applications
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% @) What is the CC4307

\ 4 CC430

Low Power MSP430 Low-power
RF IC MCU RF SoC

Radio ; Application
and protocol
processor

frequency

Transceiver

« High sensitivity
 Low current consumption
« Excellent blocking performance

« Flexible data rate & modulation format
* Backwards compatible

» Market's lowest power MCU
* High analog performance

* High level of integration

« Ease of development

* Sensor interface
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(@) CC430 Overview

¢ MSP430 sub-family
— 7 derivatives
— MCU architecture based on the latest MSP430F5xx technology
— Fully integrated < 1GHz radio based on the CC1101 transceiver
— MSP430 <> CC1101 radio interface called RF1A
* What do the “CC” and “430" stand for?
— CC for TI LPW Short Range Device
— 430 for MSP430 microcontrollers
* What does RF1A stand for?
— R for Radio
— F for Frequency
— 1 for Sub-1GHz Transceiver
— A for the first of MSP430 based RF SoCs
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RF1A Radio Module

New modules only on CC430F613x: Comparator B, LCD B, AES128, Shared
Reference

New 5xx modules: UCS, PMM, CRC16
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»(@) i CC430F613x Block Diagram
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RF1A Radio Module
New modules only on CC430F613x:

Comparator B, LCD B, AES128, REF, Port Mapping Controller
New 5xx modules:

UCS, PMM, CRC16



5xx MSP430 CPUXv?2

ROPC (Program Counter) d C'Compller frlendly

RSP (Stack Poime) » CPU registers increased to 20-bits
R2 R2ICG1 i X
= ety » Address instructions
Ra Ra — Direct 20-bit CPU register access
i e » Code compatible with all MSP430’s

RE Rs . . .
» Extension word allows all instructions

— Direct access to 1MB address space
— Bit, byte, word and address-word data
— Repeat instruction function

RY R7

20-bit Address
1B-bit Data

RE R8
RS R9
R10 R10
R R11
R12 R12
R13 R13
R14 R14
R15 RIS
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The new MSP430X architecture is 100% compatible with the MSP430 architecture and allows 16x
more memory addressing page free using less code and fewer cycles.

The MSP430X is 100% compatible with the existing MSP430 allowing existing code libraries to be
reused.

Extended addressing modes are incorporated that allow the existing MSP430 instruction set to
operate page-free throughout the entire 1MB memory model with improved code density faster

using fewer clock cycles. Extended instructions designed for the large memory allow optimal
high-level code density with full backward compatibility, making it possible to develop very
sophisticated real-time applications completely in modular C libraries.

The MSP430X executes MSP430 code unaltered in the compatible 64kB memory range. To
further preserve compatibly, all MSP430X interrupt vectors, RAM and peripherals registers map
exactly to the MSP430. The extended memory contains expanded code and data.

Existing MSP430 byte/word (.b/.w) addressing modes are expanded allowing direct access to 20-
bit addresses (.a) fields which support 1IMB (20-bit) program flow and pointer capability. This 20-
bit address-word capability is accomplished for program flow, stack manipulation and pointer
handling with same code density as the 16-bit MSP430 by using un-used bits in OP codes field.
Additionally an extension word allows full 20-bit addressing for source and destination with any
MSP430 instruction and addressing mode and added repetition capability.

Cycle counts have been reduced for several addressing modes and interrupt overhead allowing
faster code execution.

Additional details regarding the MSP430X architecture can be found in the MSP430F4xx and
MSP430F2xx users guides.



« Page-free 16-bit addressing

« RAM starts at 0x1CO00 and is Program
always a contiguous block RAM 16 KB
* Main flash start moves according
to RAM

* Vector table starts at OxFF80

* User-definable interface to the
Boot Strap Loader (BSL)

BSL segment 3 (512 B) on1600
BSL segment 2 (512 B) %15‘1;
BSL segment 1 (512 B) t[?]:azl;F]
BSL segment 0 (512 B) 'E)IJJ:LF:;

Peripherals 4 KB E;:E‘IJ::JEE

\ g T—

This slide shows some of the specifics

The memory map, like the 2xx and 4xx parts with > 64KB Flash, has kept its
Interrupt vectors between OxFF80 and OXFFFF. The Factory Data was moved out of
the Info segment memory to relieve the required management of any stored
calibration constants, and we have made the Boot Strap Loader user-definable.
Later in the presentation, we will discuss the new boot-strap loader in greater detail.



4 CC430 Operating Modes

Hrownout Securily
fault violation

¢ LPMO - LPM4 are the same as

S PBORY oo previous MSP430 generations
. * BOR resets device, executes
= G internal boot code, registers
W T default
wor ) Pty * SVS/M generate POR/interrupts

in event of low voltage condition

 Flash key
violation

Peripheral
Area Fetch

Active
Mode

G

R

®

¢ TE:‘W?:UM ENTS

This is a state diagram of the 5xx operating modes. If you know the previous
MSP430 families, you should recognize the POR, PUC, ACTIVE & LOW POWER
modes. The two additions are the BOR and some of the reset triggers. The BOR is
not new, but rather re-classified as a deeper level of reset. It is always active,
monitoring a Vcc voltage drop below 1.8V. LPM5, supported on other 5xx core
devices, is not supported for the first part of the CC430.

Two new triggers of a POR reset that should be highlighted include the SVS and
SVM flags. These stem from the additional voltage monitoring designed into a new
Power Management Module (PMM) for the 5xx, that sets a POR signal when a
voltage dips below the SVS level and resets the POR signal when it climbs to a
slightly higher SVM level, providing hysteresis for the voltage monitor.
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LCD_B & AES128 Encryption / Decryption

« Automatic LCD signal generation
FIF2FOT4Fs » Blinking of individual segments
(AEEEE i, * Regulated charge pump

q E; E: : » Software-driver contrast control
T E T Integrated.drlvers to Qecouple LCD load
e B e e e T from the bias generation
« Encryption and decryption according to
AES FIPS PUB 197 with 128-bit key ‘
» Key expansion for en- and decryption AES128
« Off-line key generation for decryption -) g';gl‘f;;fti;:f
« AES ready interrupt flag Cors

AESADOUT

E
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Comparator_B

+Tarminal

N Comparator Input

CEREFLy Vo Terminal mparator Inputs
2

shared reference L T 00,11 Unfiltered at CBOUT

—lﬂ-m'”'l— ‘Comparator Qutput
Filtarad at CBOUT

CBRSx

CBREF0
« Selectable reference voltage

generator, voltage hysteresis
generator

* High-speed, normal, and
ultra-low power modes

* Inverting and non-inverting terminal
input multiplexer

« Internal output to Timer A capture

* Selectable RC filter for comparator
output

1

ot | |op | cBRS

Y
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12



Port Mapping

P1 4PM_UCBOCLK/PM_UCAOSTE/S22 [z !
P1.3/PM_UCBOSIMO/PM_UCBOSDA/S21 113 ‘
P1.2/PM_UCBOSOMIPM_UCBOSCLS20 |14 |

P1.1/PM_RFGDO2/S19 |15
P1.0/PM_RFGDO0G/S18 1

+ Each output signal can be mapped to several 553257
output pins

* Mapping is runtime re-configurable
— Single configuration per PUC Reset ... OR ... 13
— PMARECFG bit allows runtime re-configurations gaedd

» Port mapping configuration is password protected

» Write access is locked when...

— Invalid password is written while access is granted
— Timeout counter reaches 32

hhhhhh

P
P
P32/
P
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» Accessing the port mapping control registers has to be enabled by writing
02D52h to PMAPPWD register — similarly, a read of the PMAPPWD register
results 096A5h

* There is a default mapping provided for any port pin on a given device
- Different per device (see datasheet)
- For every port pin a Px.y PXMAPY register is available.

* Itis recommended to close a port mapping configuration sequence by writing a
wrong password
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CC430F6137

(LCD, ADC, Comparator B, 64-Pin)
— 32KB+512B FLASH

— 4KB RAM

CC430F6135

(LCD, ADC, Comparator B, 64-Pin)
— 16KB+512B FLASH

— 2KB RAM

CC430F6126

(LCD, Comparator B, 64-Pin)

— 32KB+512B FLASH

— 2KB RAM

CC430F6125

(LCD, Comparator B, 64-Pin)

— 16KB+512B FLASH

— 2KB RAM

(@) { CC430 Derivatives

With LCD module Without LCD module

e CC430F5137
(ADC, Comparator B, 48-Pin)
— 32KB+512B FLASH
— 4KB RAM

e CC430F5135
(ADC, Comparator B, 48-Pin)
— 16KB+512B FLASH
— 2KB RAM

» CC430F5133
(ADC, Comparator B, 48-Pin)
— 8KB+512B FLASH
— 2KB RAM

= -
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%) CC430 — 48-pin RGZ
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CC430 Radio — TX Path

* Power Amplifier (PA)
— +10dBm output power to 500hm
— Built in attenuation steps down to -30dBm

— 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 ramp down

— Cleaner RF environment in networks with a lot of TDMA
transmissions

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

*‘? TexAs
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PA Table can be used to meet stringent certification requirements on power
ramping from standby. No huge power load changes from 0 to max. causing
VCO sweeps over the adjacent channels.



CC430 Radio — TX Path

* Synthesizer
— Generates the required output frequencies
— Reference crystal frequency range 26MHz — 27MHz
— Very high frequency resolution (397Hz — 412Hz)
¢ Can be used to correct tolerance of the reference crystal as well as
drift due to temperature
* Modulator

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

— Supports amplitude modulation schemes:
* ASK, OOK

— Programmable data rates: 1.2kBaud — 500kBaud
— Supports automatic Manchester encoding, when enabled

*‘? TexAs
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1ppm at 868MHz are 868Hz >> resolution better than 0.5ppm!

Very high frequency resolution, can be used to correct frequency tolerance of the
reference crystal.

This enables also compensation of the frequency drift due to temperature.



CC430 Radio — RX path

868 MHz, 1.2 kBaud data rate, sensitivity optimized, MDMCFG2 . DEM DCFILT OFF=0
(GFSK, 1% packet error rate, 20 bytes packet length, 5.2 kHz deviation, 58 kHz digital channel filter bandwidth)

Receiver sensitivity -1 dBm | Sensitivity can be traded for current consumption by setting
MODMCFGZ . DEM_DCFILT_oFF=1. The typical current
consumption is then reduced from 18.0 mA to 15.7 mA at
sensitivity limit. The sensitivity is typically reduced to -109 dBm

Saturation -14 dBm | FIFOTHR.CLOSE IN_ R¥=0. See more in DNO10[11]

Adjacent channel 37 dB Desired channel 3 dB above the sensitivity limit. 100 kHz

rejection channel spacing

Alternate channel a7 dB Desired channel 3 dB above the sensitivity limit. 100 kHz

rejection channel spacing
See Figure 2for plot of selectivity versus frequency offset

Image channel 31 dB IF frequency 152 kHz

rejection,
868MHz

Desired channel 3 dB above the sensitivity limit

868 MHz, 38.4 kBaud data rate, sensitivity optimized, MDMCFG2 .DEM DCFILT OFF=0
(GFSK, 1% packet error rate, 20 bytes packet length, 20 kHz deviation, 100 kHz digital channel filter bandwidth)

Receiver sensitivity -103 dBm
Saturation -16 dBm | FIFOTHR.CLOSE_IN_R¥=0. See more in DNO10[11]
Adjacent channel 20 dB Desired channel 3 dB above the sensitivity limit. 200 kHz
rejection channel spacing
Alternate channel 30 dB Desired channel 3 dB above the sensitivity limit. 200 kHz
rejection channel spacing

See Figure 3 for plot of selectivity versus frequency offset
Image channel 23 dB IF frequency 152 kHz

rejection,
868MHz

Desired channel 3 dB above the sensitivity limit

"919|dWw02 194 10U OEFDD JO UoHeZIBIdRIRYD ‘eTep TOTTDD
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r
1 :' RF IF Configuration il )

1 Registers 1 Radio Core

1 | Instruction (INSTR) | e R il

3 i — 1
1 :: | |
i 1 — | Instruction Set
Il RFlALogical | Staws (STAT) | [ SEEER— |
Il Channel Registers i: Data in (DIN) 1 i Command Strobes 0
I | R | [

1 |
' ! e || Read/Write Instructions il
I | Data Out (DOUT) | ! = |

1 I S,
:i i. ,r Direct FIFO E:r__l___l__, l |
1} RFIADirect FIFO il ! o) | | [ rx ™ | ! :
1 1! — | | FIFO | | FIFO | | Radio Core |

[ (I il
:l e N P Registers |

RF1A Core ! | Event-driven |
: Interrupt Vector 1 Interrupts ]

* Direct FIFO not implemented in RTM silicon

% ]E:‘?:’UMENTS

Radio Interface = three communication paths

1. Logical Communication Channels with 4 Registers for Instructions (INSTR),
Radio Status (STAT), Data In (DIN), & Data Out (DOUT)

2. Direct FIFO TX/RX Buffer Access
3. Radio Core Events Mapped to CPU’s RF1A Interrupt Vector

23



cpu ) mroorommeenemens 1 Radio Core
INSTR Instruction Set
RF1A Logical Command Strobes H

Channel Registers

1
1 | 1
1 I 1
1 I 1
1 1
1
I " I !
I'r . il | !
I| RF1ADirectFIFO 1, I conf.& | '
1! Registers n | Stat :
| 1 :
I : | Registers |, 1
| | | :
1
1 Radio IF Interrupt ! : |
| Vector I 1
| 1

I I I :
I [*RFIACore Interrupt |—' Radio Core Interrupts ,
1 Vector 1 |
e e e e e e - TP !

RF1AIFIV: RF1A Radio Interface Interrupts

RF1AIV: RF1A Radio Core Interrupts

@was
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Get to market fast

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,
design notes

B

Extensive community of third party and academia e i i S o o
technology solution providers e Sty s

Comprehensive collateral, extensive application notes, e e

code examples and libraries

Global customer support network — Tl has the most feet o
on the ground f

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

*‘? TexAs
INSTRUMENTS
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RF: Tl takes the mystery out of RF design with broad support, reference designs, etc.
RF: Black boxing the RF, making development easier, don't have to have a wireless expert on staff
Easy to use, low cost hardware and software tools get customer up and running fast.

Both 430 and RF: Extensive community of third Party and academia technology solution
providers (online RF and MCU community sites give engineers immediate access to a pool of
experts) (Capture a web page for this?)

TI: Comprehensive collateral, extensive application notes, code examples and libraries.
TI: Global customer support network — Tl has the most “feet on the ground.”
TI: World wide training options ranging from online to hands on deep dive technical training

Tl is taking the mystery out of RF design with RF reference designs, SmartRF Studio software, RF
packet sniffer and design notes. Designers can get up and running easily with a CC430
development kit and free tools, such as the Code Composer Essentials (CCE) or IAR Integrated
Development Environment (IDE). Third-party support, training and university programs, code
examples and libraries also facilitate ease of use and shorten time to market.

Additionally, TI's Low-Power RF and microcontroller E2E online communities offer the opportunity
to interact directly with engineers and other experts to ask questions, share knowledge, explore
ideas and help solve problems. Go to community.ti.com , sign-up, subscribe to a forum and start
exploring the TI E2E online community today.
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Vibrant E2ZE community

» Share knowledge,
X E¥ exploreideas, solve
' EhiE problems

Tl E2E Community (Beta)

*Videos «Forums «Blogs

S w| * Direct access to Tl
T ST 7P Tt engineer expertise

CC2430
CC2431

Visit htip:/community.ti.com to
engage in an interactive, forum discussion

B o
INSTRUMENTS
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Additionally, TI's Low-Power RF and microcontroller E2E online communities offer
the opportunity to interact directly with engineers and other experts to ask
guestions, share knowledge, explore ideas and help solve problems. Go to
community.ti.com , sign-up, subscribe to a forum and start exploring the Tl E2E
online community today.

We can use the general address for now



RF Systems-

Application MCU

TI's three solutions for RF applications

Application MCU+

RF Protocol

on-Chip RF Radio
Processor
Application MSP430
RF SoC s
_ (CC430, F26%9
Wireless CC2430,
Protocols CC2510, Protocol
CC1110) processor
- _ (CC2480,
ransceiver
(cc1101, CC430)
CC2500,
CC2520)
b o -

28

De facto standard for ultra low power and ease of use now has an RF extension.
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Connector 12

JTAG connector External power connector

Jumper JP3

3 Jumper JP2

?ﬁf:n?’ measure E— Close 1-2 for JTAG supply
Close 2-3 for ext. supply

LED D2 (red) Jumpers JP1
connected to Close 1-2 to debug in
P3.6 via JP10 Spy-Bi-Wire mode
Jumpers JP5:"JP1Cy Close 2-3 to debug in
Open to JTAG mode

disconnect LEDs | Push-button 52

LED D1 (green connected to P1.7

connected to

P1.0 via JP5
= | ~Footprint for 32kHz crystal
z Use 00hm resistors for
R541/R551 to make
P5.0/P5.1 available on
connector Port 5
Crystal Q1
26MHz weer | —Reset button $1
SMA connector —

-
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The main digital logic of the MSP430 device requires a voltage that is lower than the
range allowed by

DVCC. For this reason, the PMM incorporates an integrated low dropout (LDO)
voltage regulator that

generates a secondary core voltage rail, VCORE.



.| CC430 Sample Kit Contents

e 2 X EM-CC430F6xx1-868/915 evaluation
modules

e 2Xx868/915MHz antennas

« 2 X battery holders including four AAA batteries
and connector power cables

» 18 x PCB 2x4 pin headers
* 1 x 32kHz Crystal
1 x CC430F6137 sample kit documentation

30



. Sample Kit Documentation

CC430 Hardware
— User Guide, Datasheet, EVM Design Files, Errata

CC430 Software

— CC430F6137 C Code Examples

— Example RF software in CCE & IAR, 868 & 915 MHz
Development Tools

— CCE v3 & CC430 CCE Patch

— IAR Kickstart & CC430 IAR Kickstart Patch

— Installation and respective FET User Guides

Getting Started.pdf

*‘? TexAs
INSTRUMENTS

31



CC430 |

* High sensitivity
* Low current consumption

*High analog performance
* Excellent blocking performance

Low Power

e Mazﬁo Low-power
Radio Application RF SoC
frequency and protocol

processor

* Market's lowest power MCU

= High level of integration
* Flexible data rate & modulation format

.+ Backwards compatible

« Ease of development
D .+ Sensor interface

\ g - -
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