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Agenda

* Frequency allocation and regulations

* Device selection
 Hardware

e Software

e Support/now to get started
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ISM/SRD License-Free Frequency Bands
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Sub-1GHz Freguency Bands

300 348 400 464 800 928

426 449
429 469

285 322 410 470 614 863 870 902 928 | MHz
335.4 399.9 960

B FCC [ ARIB

B ETSI Frequencies covered by CC1100
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ETSI - SRD Reqgulations in Europe

* 433 MHz band: EN 300 220 V1.3.1 & V2.1.1

Power
ERPA
10 dBm —+
0 dBm —- “channel
433.05 434.04 434.79

Class Frequency band Output power Duty cycle (max) | Channel spacing
le (f)* 433.05-434.79 MHz | 10 mW (10 dBm) 10 % No requirements
lel (f1)* | 433.05-434.79 MHz | 1 mW (0 dBm) 100 % No requirements
le2 (f2)* | 434.04-434.79 MHz | 10 mW (10 dBm) 100 % 25 kHz

*Class name according to new ETSI standard

ETSI = European Telecommunications Standards Institute o N, ey W e ey
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ETSI - SRD Reqgulations in Europe
e 868 MHz band: EN 300 220 V1.3.1

Application Voice SRD Alarms SRD Alarms SRD SRD Alarms  SRD
Duty Cycle 100% 1% 0.1% 0.1% 0.1% 100% 10% 10% 100%
] 50- 25 kHz or 25 kHz or 1
Channel Spacing 300kHz/ No limit 1 channel Nolimit 25kHz 25kHz channel 25kHz  No limit
No limit l wideband [ | | wideband |
Power | | | ! ! ! | i
ERP A | I : I : : - l I
| | | | I I \J | I
27 dBm —+ | | I : | | | :
| ] | — l—— : ___ |
| | ! ! L ' !
I | | | | | I |
: ; L I '
| | I
. v R
14 dBm —+ ' | | | '
I I | I
\ \/ \ |
10 dBm + |
|
\/
7 dBm —
>
MHz
863 865 868 868.7 869.2 869.4 869.7 870
868.6 869.3 869.65

"] Frequency band applicable for CC1100

B Frequency band applicable for CC1020

ERP = Effective Radiated Power © 2006 Texas Instruments Inc, Slide 6
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ETSI - SRD Requlations in Europe

868 MHz band: EN 300 220 V2.1.1

0.1% or 1% or 0.1% or 10% or
Duty Cycle LBT LBT LBT LBT 100%
. 100 kHz / 25 kHz or 1
Channel Spacing no limit No limit No limit channel No limit
with DSSS | | wideband |
Power | : | ! |
ERP A | | ! |
: | | \j |
27 dBm —+ : : : :
| I I I
| | |
V | | I
| | |
l 1
\/ \j
14 dBm

LBT = Listen Before Talk
ERP = Effective Radiated Power

Technology for Innovators®
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ETSI - Listen Before Talk (LBT)

e Minimum TX off time > 100 ms

« Minimum listening time: tL = tF + tPS
= Fixed time: tF =5 ms. Pseudo Random time: tPS between 0 ms and 5 ms

 There is no requirement for a listening time before
sending an acknowledgement

 The limit for a single transmission TX on-timeis 1s
 The limit for a transmission dialogue is 4 s

TX power <100 mW 500 mw
Channel spacing
6,20 KHZ -102 dBm -106 dBm
12,5 KHZ -59 dBEm -103 dBm
20025 kKHz -S6 dBm -100 dBm
50 kHz -93 dBm -97 dBm
100 kHz -S0 dBm -94 dBm
200 kHz -87 dBm -51 dBm
500 kHz (wideband) -83 dBm -
500 kHz (wideband) -82 dBm
LBT threshold © 2006 Texas Instruments Inc, Slide 8
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ETSI — Spurious Emission

e If the operating frequency is <470 MHz the equipment
shall be measured from 9 kHz to 4 GHz

 If the operating frequency is > 470 MHz the equipment
shall be measured from 9 kHz to 12.75 GHz

e Measured without modulation

Spurious emission limits —&— Operation
— Standby

=2U

25

-30 4

=33 1

40 4

dBm

45

-50 4

-55 1

-50

T T T T T T T T T T T
] 100 200 300 400 500 g00 700 200 300 1000 1100 1200
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FCC — SRD Reqgulations

« FCC 15.231, Control Applications

= Limited to certain application types

= Duty cycling can increase the allowed output power with up to 20 dB
dBmA

133 -———— T _ _ _ _ ___________

2125 |- ——— TS

Above 470 MHz
Except restricted bands

-23.75 —|—

-31.71 —|—

B rcc15.231a

B Fcc 152316

MHz
285 322 3354 399.9 410 470 © 2006 Texas Instruments Inc, Slide 10
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FCC — SRD Reqgulations

e 902 - 928 MHz band
» FCC 15.249, Single channel
» FCC 15.247, Spread Spectrum

— FHSS - Frequency Hopping Spread Spectrum
— Digital Modulation (e.g. DSSS - Direct Sequence Spread Spectrum)

dBm A

+36.0 ——
+300 ——
+240 ——

-1.23 ——

MHz

902 928 © 2006 Texas Instruments Inc, Slide 11
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FCC — 15.247 Requirements

* FHSS - Frequency Hopping Spread Spectrum

= Channel spacing must be larger than 20 dB bandwidth and minimum 25
kHz

= 20 dB bandwidth less than 500 kHz

20 dB bandwidth | Required channels | Dwell time Max output power
< 250 kHz > 50 0.4 sec within 20 | 30 dBm + 6 dBi
sec period antenna gain
> 250 kHz > 25 0.4 sec within 10 | 24 dBm + 6 dBi
sec period antenna gain

e Digital modulation (DSSS)
= Minimum 6 dB bandwidth of 500 kHz

» Peak power spectral density shall not be greater than 8 dBm in
any 3 kHz band

= Maximum allowed output power is 30 dBm + 6 dBi antenna gain.

© 2006 Texas Instruments Inc, Slide 12
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FCC — 20 dB Bandwidth

Channel #1 Channel #2

X-20 dBm -
20 dB
bandwidth
§ v,
Minimum
channel
spacing © 2006 Texas Instruments Inc, Slide 13
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FCC — Spurious Emission 15.209

« Measured with quasi-peak detector below 1 GHz
 Measured with averaging detector above 1 GHz

dBm A
412 - __
492 | ___
|
-51.7 :
| |
| |
-55.2 | :
I I I
I I I
I I I
I I I
| ! !
l l : Mm
30 88 216 960
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Agenda

* Frequency allocation and regulations

e Device selection

 Hardware
e Software
e Support/now to get started
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MSP430 for Wireless

« MSP430 Microcontroller + CC RF,
a perfect fit for low power wireless solutions

» Designed for low power
= VCC=1.8V ... 3.6V
= Simple connection through SPI

© 2006 Texas Instruments Inc, Slide 16
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MSP430 — CCxxxx Connection

SPI Communication between MSP430 and CCxxXX.

MSP430 peripherals USART, USCI and USI support
SPI.

MSP430 with SPI support:

= MSP430F12x2,
MSP430F13x, MSP430F14x,
MSP430F15x, MSP430x16x

= MSP430F20x2, MSP43020x3,
Planned:
MSP430F22x2, MSP430F22x4,
MSP430F24x, MSP430F26x,
MSP430F241x, MSP430F261Xx

* MSP430F42x, MSP430FE42X,
MSP430F43x, MSP430F44x

= MSP430FG461x

X = Flash and RAM size of MSP430

© 2006 Texas Instruments Inc, Slide 17
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MSP430 Memory Size Options

MSP430Fyzxz Flash RAM
x=0 1kByte + 256Byte 128 Bytes
x=1 2kByte + 256Byte 128 Bytes

= 4kByte + 256Byte 256 Bytes

8kByte + 56 Bytes
Byte + 256Byte 512 Bytes

( 24kByte + 256Byte

1kByte

2kByte + 256Byte
48kByte

X | X | X | X|X|[X|[X
1
Ol |IN|OO|JOTTW|DN

= Byte

= 60kByte + 256Byte 2kByte
x =10 32kByte + 256Byte | ~~ 5kByte |
x =11 48kByte + 256Byte {  10kByte
x =12 55kByte + 256Byte AwByt/e
X =16 ngsyre- te
x =17 92kByte + 256Byte 8kByte
x =18 116kByte + 256Byte 8kByte
X =19 120KByte—256Byte 4kByte

Technology for Innovators®

e Typically RAM size
IS Important to
store data packets
for RF
transmission

cost efficient

general purpose

high end

‘y'=1or2=noLCD
'y =4 = with LCD

‘Z’ or ‘zz’ for combination of peripherals

© 2006 Texas Instruments Inc, Slide 18
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MSP430 Recommendations

e Cost efficient

= MSP430F22x2: 8...32kByte Flash, 512...1kByte RAM
2 x 16-Bit Timer, USCI, ADC10

» MSP430F22x4: 8...32kByte Flash, 512...1kByte RAM
2 x 16-Bit Timer, USCI, ADC10, 2 OpAmps

= MSP430F41x: 4...32kByte Flash, 256...1kByte RAM
2 x 16-Bit Timer, Comparator_A, LCD

 General Purpose

» MSP430F161x: 32..55kByte Flash, 5k...10kByte RAM
2 X 16-Bit Timer, 2 x USART, HW-Multiplier,
ADC12, DAC12

» High End

» MSP430F261x: 92-120kByte Flash, 5k...10kByte RAM
2 X 16-Bit Timer, 2 x USCI, HW-Multiplier,
ADC12, DAC12 (planned for mid of 2007)

» MSP430FG461x: 92-120kByte Flash, 5k...10kByte RAM
2 x 16-Bit Timer, USCI, UART, HW-Multiplier,
ADC12, DAC12, LCD A

© 2006 Texas Instruments Inc, Slide 19
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Chipcon Product Generations

SmartfRFeo03 SmiartiF-04
0.6 pm BICMOS 0.35 pm CMOS 0.8 gm CMOS 018 pm CMOS

© 2006 Texas Instruments Inc, Slide 20
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Sub-1GHz Product Comparison Chart

17 Results - Show all Results 1-10of 17 Results | Mext = Page 1|2 Download Spreadsheet
FSK
Operating | Operating Data Receiver
Frequency |Frequency |Standby | Yoltage Yoltage Output |Current Current Rate Sensitivil
Part {min}) {max) Current [{min) {max) Modulation |(Power |[Consumption|Consumption|{max) |{F5K)
| Uncheck Al Number |Status |(MHz) {MHz) (ua)  [{¥) {v) Techniques |{dBm) |(RX){mA) |(TX){mA) |{kbps) |{dBm)
e W . . e W e W e W e W . . . . F . e W
|:| Coc1o0on ACTIVE 300 1000 2.1 3.6 Fokid OOk ) 10.4 768 -11
D Ciz1oln ACTIVE 300 1000 2.7 3.6 FSk 23.9 25.2 76.8 -1C
[0]w] 4
|:| Ciz1020 ACTIVE 402 470 2.3 3.6 FSk 19.9 19.9 153.6 -11
504 940 GFEE
[81w] 4
|:| CiC1021 ACTIVE 402 470 2.1 3.6 FSk 19.9 19.9 153.6 -1C
S04 940 GFEk
[0]w] 4
|:| 1050 ACTIVE 300 1000 2.1 3.6 FSk 9.1 76.8
[0T8] 4
D CC1a70 ACTIVE 402 470 2.3 3.6 FZE 20.5 153.6
S04 940 GFEk
(0T84
D Zoiinn ACTIVE 300 348 1.8 3.6 FZE 14 16.2 0o -1
400 6 GFSK
s00 928 M=k
[8]w] 4
|:| Ciz111n PREWIEW 300 348 2 3.6 2-FSk 22 31 So0 -1C
400 6 GFSK
s00 925 M=k
|:| 21150 ACTIVE 300 348 1.8 3.6 FSk 15.9 so0
400 6 GFEE
s00 928 M=k
[0T8] 4

Technology for Innovators®
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CC1100 — Multichannel Low-Cost RF Transceiver

Important Features:

« Powerful digital features making it easy to build a
high-performance RF system using an inexpensive
microcontroller

e RX: 15.6 mA , TX: 28.8 mA at +10 dBm output power,
Power down: 400 nA

» Burst mode data transmission with high over-the-air
data rate reduces current consumption

 Automatic RX polling using Wake-on-Radio: 1.8 yA
e High sensitivity (-110 dBm at 1.2 kbps)
 Programmable data rate from 1.2 - 500 kbps

* Robust solution with excellent selectivity and
nlocking performance

© 2006 Texas Instruments Inc, Slide 22
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CC1100 Packet Handling

* Full packet handling included
= Preamble generation
= Sync word insertion/detection
= Address check
» Flexible packet length
= Automatic CRC

Optional data whitening
Optionally FEC encoded/decoded Legend:

&———Optional CRC-16 calculation———> D Inserted automatically in TX,
processed and removed in RX.

N N
W\

D Optional user-provided fields processed in TX,

Preamble bits .
processed but not removed in RX.

(1010...1010) Data field

Sync word
Length field
CRC-16

D Unprocessed user data (apart from FEC
and/or whitening)

o | Address field

SX 8 x n bits >¢—16 bits—>

&8 x n bits—>¢-8/16 bits%bﬁsxbi

—+

© 2006 Texas Instruments Inc, Slide 23
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Protocol Concepts

e Polling recelver
= A polling receiver wakes up periodically and searches for data
= Timing depends on behavior of the transmitter

= CC1100 and CC2500 include wake-on-radio function where the

radio performs polling without MCU intervention (based on
iInternal RC oscillator)

Power-down Wake up - Power-down

« Beaconing

= A beacon packet is transmitted periodically to ensure
synchronization

= Example: The RadioDesk™ USB dongle transmits a beacon
every frame (nominally every 4 ms)

Power-down Beacon Power-down Beacon

© 2006 Texas Instruments Inc, Slide 24
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Choice of Packet Length is a trade off!

e Parameters to consider are:

» Probability of packet loss
» Impact of packet loss (added processing, increased RF on-time)

= Acceptable latency

= Packet overhead
= Acceptable buffer memory or maximum FIFO size

 Use long packets to.

= Minimize packet overhead
*» To maximize RF idle time between packets

 Check/test the required preamble length
» CC1100 @ 250 kbps: 4 bytes preamble recommended
» CC1100 @ 500 kbps: 8 bytes preamble recommended

e Use short packets to:
= To minimize packet loss and retransmission

* To minimize latency .
© 2006 Texas Instruments Inc, Slide 25

Technology for Innovators” Wi TEXAS INSTRUMENTS




Waking up the Radio

* Waking up aradio from sleep takes it through several
consecutive steps

« The current used in each step, and how long each

step lasts, Is Important when figuring what the
average current will be

* Looking at these figures is also very important when
comparing different radios

Current

e

Time

Power-down

© 2006 Texas Instruments Inc, Slide 26
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Waking up the Radio

e CC1100 — full calibration

R
L L

- Agilent Technologies

T Ty

LY
.'+ '!- +'.

(
it

15.625 ms

&

-_'__'-__.-_l_..._-.--__-'—zhn.—-:-

7BE

1.23%

——

I1 a0 m'
. ¥

W—J
Crystal cajipration

startup

Technology for Innovators®
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Methods to achieve Low Power RF

* Limit the RF on-time (TX and RX)

 Use sleep modes/power saving modes/wake-on-radio
Do not transmit with higher power than you need

 Use accurate crystals to minimize drift between devices
« Use a good switch mode voltage regulator

 Make sure you can utilize all of the battery capacity

* Run at the lowest possible voltage

 Minimize calibration time

 Minimize frequency hopping synchronization time
 Take care when choosing packet length

o If power availability is unevenly distributed, design your protocol to
take advantage of this

» Discard false packets/error packets as quickly as possible
 Use as high a over-the-air data rate as you only can and burst the data
« Choose an appropriate modulation (NRZ — not Manchester coding)

© 2006 Texas Instruments Inc, Slide 28
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CC1100 Alternatives

« CC1000

= Low current consumption.
= Covers the whole frequency band from 300 — 1000 MHz.

RX current TX current
433/868 O dBm
CC1000 | 7.4/9.6 mA | 10.4/16.5 mA
CC1100 | 15/15 mA 15.5/16.9 mA
e CC1020

= High performance — sensitivity, selectivity, blocking
= Complies with narrowband requirements, e.g. ARIB STD-T67.

Technology for Innovators®
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Agenda

* Frequency allocation and regulations
* Device selection

e Hardware

e Software
e Support/now to get started
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Development Tools

« SmartRFO4EB + CC1100EM

Sockets
for EM
- SMA Audio
yecmrs Interface
Power s
Terminal =

Block

DC Jack LEDs
Power
Input
Digital I/0O
Connectors
LCD
Display
USB
Connector
Potmeter

Port Joystick

© 2006 Texas Instruments Inc, Slide 31
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Hardware Development — Layout Considerations

« Copy CC1100EM reference
design!

Use the exact same values and placement
on decoupling capacitors and matching
components.

Place vias close to decoupling capacitors.

Ensure 50 ohm trace from balun to
antenna.

Remember vias on the ground pad under
the chip.

Use the same distance between the balun
on layer 1 and the ground layer beneath.

Implement a solid ground layer under the
RF circuitry.

Ensure that useful test pins are available On  Layout: cc1100em s68/915MHz reference design

e e, i or 1o M . T
onnect ground on layer 1 to the groun v =

plane beneath with several vias. SN F- [ —
Note: different designs for 315/433 MHz g N
and 868/915 MHz (S p—

© 2006 Texas Instruments Inc, Slide 32
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Hardware Developmen

« CC1100EM reference design e

aal

L122
L_I3N_84B2_] A3
SMA_S5MD
Liz1 ! Ci2z TIZg
L_IZN @2482_J C_{PS_B4R2_MPO_C_G8 C_WRP_B4EZ_WP@_J_5@ 2Ll
1 Fl
SAnnoas - t H‘ Ty, t H‘ |
Pl Liza |
SMD_SOCKET_Zx18 [_BhZ_p4B2 )
| 4 ul cizl cua =
e U e —— C.FPR_B482_NPE_C_58 L C_PR_B4A2_NPE_C_5R
= Ll [
i % —_— [——{coomwateESTI  AE_P[E [ 12N _B48z_1 =
t',t o £ £ | Gpnz AF_N[2 L S e, T
Iy | LEn L3z 1.8V-3.6V power suppl
7 AT ' & ran ] — YT 2 2y R171
. _:1'; = ‘ | i ABLAS
SCLK o
cul e = = -
28 &2 C_iPS_B4B2_NPO_C SR | > — =
1 ; wonf2 1 r=ralk: Feu
- £ spiEpan ADD ¥ - 8 2 5 2 Filter &
a2 2 2 9 Antenna
avDn L SCLK 6 2 3 O Balun L1422 Match (50 Ohm)
A xasc_oi = 1 SCLK 3 & AVDD 15— C122
AVDT
l JB AIFY ol so
X_76.RRE /181841818 e R-GgK_RtezF % ) e eoERen YT C125
e . GND|—E 2 st e: GOTION e
1 ! & Lvan ENT s L4DVDD DIEATTACHPAD RF_F1
T T P _64a2_NPd_J 58 prauPL - = pEEeL 5 = %’“"DD“—‘
£ BEuARD —— L] 8 . 38 3 C123
s = csi] 6 82 2z % C131 =
= = e _LJ—EN:D o L 6 & % & S = B
C_27P_P482 _NPA_]_58 C& == C_IBN_B4BZ_X7FA_K_25 0co | [
= - (optional)
5 b =—— HK
- .
-
N '} o | . XA
% [_2P}_B482_NPB_[_58 csi c107
= I SMI_SOCKET_2Zx 1@

2

LI
L_BEAT_|82_R4@2
1 2

3

BG™ ™ BN~ ZR+EdBEZE ]
i
T

[ 4]

C_1U_RE@5_X7R_K_1

TR Ll
C_IBN B4@2_XTR_§_25
el |
C_ZIYF_R4@Z_NFPEL1_5@ ol
5 I:

et

BITHTHSX Z@¥ B ER—]

—9_5‘1111
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Antennas

e Single ended antennas
» Usually matched to 50 ohm
= Needs a balun if the chip has a differential output
= Easy to measure the performance with a network analyzer
= Possible to get good performance

* Differential antennas

= Can be matched directly to the impedance of the RF pins

= Can be used to reduce the number of external components
Complicated to make a good design, needs to be simulated
Difficult to measure the performance
Possible to get good performance

© 2006 Texas Instruments Inc, Slide 34
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Commonly used Antennas

« PCB antennas
= Little extra cost (PCB)
» Size demanding at low frequencies
» Good performance possible
= Complicated to make good designs

 Whip antennas
» Expensive (unless piece of wire)
» Good performance
» Hard to fit in many applications

e Chip antennas
» Expensive
» OK performance

© 2006 Texas Instruments Inc, Slide 35
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Antenna Parameters

e Important parameters

» Directivity, D. Difference between D = U max
maximum radiation intensity and average o
radiation intensity U avg

» Gain, G. Describes efficiency and
radiation properties I:)ra q

= Polarization. Describes the direction of G = D
the electric field P.

In
* |[mpedance mismatch determines how

much of the available power that are
delivered to the antenna

= Bandwidth is the frequency band where
the antenna has sufficient performance

© 2006 Texas Instruments Inc, Slide 36
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Antenna Suppliers

* Antenova: |
http://www.antenova.com/index.htm

« Badland:
nttp://www.badland.co.uk

* Laird Technologies: | |
nttp://lwww.centurion.com/home/wirelessint.asp

e Fractus:
Nttp://www.fractus.com
e gigaAnt: |
nttp://www.gigaant.com

 RainSun: |
Nttp://www.rainsun.com

« Woken Technologies:
http://www.woken.com.tw

© 2006 Texas Instruments Inc, Slide 37
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RF Product Development

 Integrating RF technology into the product —
alternatives?
» RF-IC (transceivers/transmitters)
= System-on-chip (SoC)
= 3rd party modules typically contains
— Antenna
— RF components (filter, balun, matching)
— Crystal
- MCU

 The best solution exists!
= But it's not the same for everybody!

© 2006 Texas Instruments Inc, Slide 38
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Make or buy?
ECovn &

 Make (RF-IC, SoC) if e
= High quantities

Medium/long term project

High cost pressure

Sophisticated system requirements

Have access to required competence

 Buy (Module) if
= Low quantities (typically <20k units)
Short time-to-market
Low initial costs
Basic system requirements
Lack of RF competence

© 2006 Texas Instruments Inc, Slide 39
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Certification
« FCC

= Unlicensed wireless transmitters must be tested in an FCC authorized
laboratory

= Send test report to FCC and apply for certification

= |f certification is granted FCC issues an ID number that must be placed
on each transmitter (end product).

= For receivers a Declaration of Conformity is needed

ETSI

Self-declaration

To obtain the CE marking compliance with SRD regulations must be
demonstrated

Manufacturer declares compliance with a written DoC and by placing the
CE marking on the product

Technical documentation must be kept for 10 years

CE = Conformité Européene

DoC = Declaration of Conformity © 2006 Texas Instruments Inc, Slide 40
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Agenda

* Frequency allocation and regulations
* Device selection
e Hardware

e Software
e Support/now to get started
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SmartRF® Studio

Converts user inputs to register values
» RF frequency

Data rate

Output power

Deviation

Modulation

RX filter bandwidth

Allows remote control/configuration of EMs and
prototype board when connected to SmartRFO4EB

e Supports quick and simple performance testing
= QOutput power/Sensitivity: Simple RX/TX
= One way packet test: Packet RX/TX
= Two way packet test: Packet Error Rate (PER) test

© 2006 Texas Instruments Inc, Slide 42
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SmartRF® Studio

« Offers export/import of register settings and C-code
structure

e Supports development kit firmware upgrade via USB

e Load USB firmware:
= Allows uploading of example software to the MCU on SmartRFO4EB

 Load MCU prototype firmware:

= |nactivates the MCU on SmartRF0O4EB to allow an external MCU full
control over e.g. the CC1100

© 2006 Texas Instruments Inc, Slide 43

Technology for Innovators” Wi TEXAS INSTRUMENTS




SmartRF® Studio Start Window

{Z: smartRFE Studio X

SmartRF® 01 DK | SmartRF® 02 DK | SmartRF® 03 DK, SmartRF® 04 DK

Current Status |UseDID  |[Pw ID
Calculation window - CC2431
Caleulation window - CC2430
Caleulation Window - CC2511
Calculation window - CC2510
Caleulation window - CC1110
Calculation Window - CC2550
Calculation window - CC1150
Calculation window - CC2600
Calculation Window - CC1100

Froductinfo: SroartHE® productine
Load USE Fimware [Load MEL prototype Armware Start |
File werzions. ..
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SmartRF® Studio Normal View

{€:0%0317 - CC1100 - SmartRF@ Studio -0 x|
File Settings Help
0S| &®
Current chip values: )
Maormal Wiew i i
& I0CFG2 [<00) 029 B | Regizter Wiew I MHotes I
(- I0CFGT (D] Dx2E Chip revision: IE v| Correlation:
- I0CFGOD [0=02] 0=3F :
" IDEFGOAT [D202]: Dx3F Cryztal accuracy: #-tal frequency: RF output power: Register |.-‘-'«ttr|butes LonpanEis
- I0CFGEOAZ [0x02]: 0x3F - - p
- [ _] [40 ppm  [26.000000 x|MHz [0 >|dEm T PAramping P walus = OnF -
FIFOTHR [Ow03]: 0=07 RF oufout PATABLE —
- SYNCT [0x04]; 0xD3 Dreviation: Dratarate: b adulation: FF!EI]D2u—pEH2p'IIJWEI P
fl- 5YNCO [005]: x91 20529883 kHz  [38383484 [kbps  [2GFSK T} I Manchester RF Frequency -» FREQ[23:16]
- PETLEN [0:06]: 0wFF |- RF frequency: Channel Channel number: R, filterbandwidth: FT:IEFQ!Jr;qE:EEy » FREQ15:8]
= PRTCTRLT [0:07] 0:04 [e66 239866 MMz [199951172 kHz [0 j [107562500 kHz  |FREQO < DeRa '
G [ _ RF Frequency -> FREQ[7.0] L
[4]WwWOR_AITOSYMC: O Prefermed zettings: FSCTRLT = w05
o[BI CAC_AUTOFLUSH: O Datarate | Deviation | Modulation | R filterbandwidth | Optimization [« IF Frequency -» FRECQ_IF[4:0] => 152.34 kHz
- [2] APPEND_STATUS: 1 12 kbps 52 kHz  2GFSK  68KHz : st FFEE A
S [1:0) ADR_CHE[1:0} (0] Mo addre 2.4 kbps 5.2 kHz 2-GFSK 58 kHz MDMC?EEB—HEPDD&SE g
i ) 48 kbps 204 kHz 2-GF5SKE 100 kHz =\
[- PETCTRLO [0408]: 0x45 10 kbns 19 KHz SGFSK 100 kH= Data rate [exponent] -» DRATE_E
- ADDR [0x03]; 000 4 khps 20 kHz S GECE 100 kHz Ehaninel bandwidth [expanent] -> CHANEW_E
- CHAMME [Dx04): =00 768 kbps 32 kHz 2FSK 977 kHz e Channel bandwidth [mantissa) -» CHAMEW _M
- FSCTRLY (D408} DuOF 100 kbps 47 kHz 25K 325 kHz _ MEMERG le?aﬁisa] - DRATE M
- FSCTRLO [0%0C): O=00 280 kbpz i] M5k 540 kHz Senzitiviy LI MOMCFGS - el 3 — LI
- FREQ2 [0:00]: O1E Rezet CC17100 and write seftings Copy zettings to Regizter Wiew
- FREQT [0<0E]: 04C4
- FREQO [0x0F]: OxEC
- MOMOFG 4 [0x10): 0480 _|ﬂ Simple Fix | Simple T Packet it | Packet T | PER test
4 3
| | Length config: I\,"ariable vl Sync word: |3D£32 Wy vl Address config: IND addre vl v | CRC [ tanual Init
MARCSTATE:
[1]IDLE £ IDLE Packet length: |255 Packet count: |2DD Address: I [T FEC T FIFO Autoflush
Frequency offzet: 0.0 kHz [~ CRCOK
. Wi format: ﬂ MOMCFGT = 0=20 -
RSSI: NA :: Syne A% Farward Ermar Camection -> FEC_EM j
OB 88.8 kHz Lock IHer: vI .| |MDMCFG2 = 003
- - - —I Syne mode - SYNC_MODE[2:0]
GDOZ output pin configuration. ;I A i I _I FETCTRLO = 0«05 j
Start buffered Fix | Stop A% |
Device ID: 0=0317 Last executed command: Dake: 24,01, 2006, Time: 16:03:37 v
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SmartRF® Studio Reqister View

(€ Calculation Window - CC2500 - SmartRFE Studio (] ]
File Settings Help

oW e®

Current chip values:

Marmal tiew ~Fegister View | Motes |

OCFG1 [0x01]: 000 Wfrite I |UH| 29 [E] GDO2_IMY [w0] GDOZ_CFG[E:0] - |

OCFGOD [0=02]: 0=00

OCFGOAT [002]: 0x00 |10CFG2 (0:00) =l [mNoninverted GDD2 =l | cHiP_RDY =
e Riead walue: Ox00 ‘| |
- FIFOTHR [0:03): 0:00
1 5YNCT [0x04]: 0x00 Wirite 1 UHI I [F1GDO_DS [E] GDOT_IM
- SN0 0405 00 [t
PKTLEM [0408] 0400 |I0CFGT (0:01) =l [0y Low ouput drive stength x| [10) Nandinvertsd GDO1 =l
FKTCTRLT [0x07]: 0w00 T — ( | 0

PKTCTRLO [0x08) 0400
DDF: [0:03]: 0x00 witez | o] 3F [7] TEMP_SEMSOR_ENABLE [6] GDOO_INY
CHANNR [(40A] D500 | ez

+]- FSCTRLY [0=0B]: Ox00 IIDEFGEID (002 j I[D]Disable temperature sensor. j I[D]Non-inverted G000 j

SCTRLD [0x0CT: Ox00 Fead valus: Dkl ‘ | | _'I
REQZ [0=00]: 0=00

REQT [0x0E]: 0x00 wited | o[ 3F [FIATEST_PD_N [5] CHP_DISABLE
REGQ [0x0F ) 000 —I
MOMCFG4 [0x10: 0x00 |I0CFGOAT (0:02) | [10) Disable temperature sensor. x| (D) Disable charge pump =

MOMCFG3 [0x117 OwO0 Read valus: Dkl ‘ | | _'I
MOMCFG2 [0x12]: 000

MOMCFGT [0:13] 0=00 i Dxl 3IF FJATEST_PO_M B] CHP_DISAELE
MOMCFGO [0x14]: 000 M i - I
DEYIATM [Ox15]: 0x00 IIDCFGDA2 [0=02) j I[D] Digable temperature sensor. j I[D] Dizable charge pump j

- MCSM2 [0x16]: 0x00 Flead value: w0 4| | _pl
MCSkAT [0417] 0x00
MCSkAD [0418]: Ox00
OCCFG [0x19]: 0=00

- BSCFG [Ox14) 000 LI ;I

. AGCTTRE 2 MNe1 R Nenn

MARCSTATE 0 frite To¢ FIFD | | irsert ength. Lenatt: [ | 5==5x5ro | Write PATELE |

FREOOFF_EST: 0 kHz I CRE ok - =] | |o04C a5 BB CE 39 A FE
RS 0/dE [T Sync B
OBk OkHz I~ Lack Fioud PATABLE
GLO2 output pin configuration. ;I LI LI |
SHES SRR SEST=OMN SCal SHx ST SIDLE
S&EL SR SE I SER SET SWOERST SHIOE
ﬂ
Device ID: Mot Connected Last executed command: Date; 12.09.2006, Time: 16:22;59 A
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Libraries and Examples

« Software developed using uVision2 from Keill
» C51 C-compiler for the 8051 platform
= CC2500 CC1100 Examples_Libraries.zip

« HAL - Hardware Abstraction Layer
= Low level hardware interface functions (ADC/Timer/SPI)
» Function to send and receive packets

« CUL - Chipcon Utility Library
= SW sync search and CRC calculation
= (CCxx00 Serial Mode)

e EB - Evaluation Board

» Functions for accessing peripherals on the SmartRFO4EB
(buttons/joystick/potmeter/LED/IO-ports/RS232/LCD)

© 2006 Texas Instruments Inc, Slide 47

Technology for Innovators” Wi TEXAS INSTRUMENTS




Libraries and Examples

e Transceiver Examples:

MCU: Radio:

- Audio - Link

- Joystick - Link1

- Potmeter - WOR (Wake On Radio; AN38)

- SPI - WORwithAck (Wake On Radio; AN38)

- TimerO1 - SerialLink

- Timer23 - Link2 (Packets larger than the FIFO size)

- InfiniteLink (Packets longer than 256 bytes)
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What is the TI HAL Library?

* Register read/write functions (MSP430 to
CC1100/2500)

» Read register

= Write register

= Read burst

= Write burst

= Status read

= Strobe write

= CC1100/2500 reset

e« CC1100/2500 are targeted at non-Zigbee ISM-band
apps

e Library based on CC1100/CC2500 Examples and
Libraries from Chipcon

 SPI functions only; no protocol functions
« Demo application project included

© 2006 Texas Instruments Inc, Slide 49

Technology for Innovators” Wi TEXAS INSTRUMENTS



What is the TI HAL Library? (cont.)

 Works with any SPI-capable MSP430 interface
» USARTO
* USART1
= USCI_AO

USCI_A1

USCI_BO

USCI_B1

usl

Bit-bang 1/0s

« Hardware abstraction assists porting between
MSP430 devices

* Not tested for other Chipcon devices

e Tested with MCLK between 1-8MHz and SMCLK
dividers of /1 and /8
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Target Hardware
il I°

CC1100 / o
GDOx CC2500 Network

SPI

N

MSP430

N /
| 26MHz ’—“]h

LC CC1100/
| Network CC2500

SPI

MSP430

GDOx

"VZ £ Vi
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MSP430 SPI Interfaces

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

P3.3/UCLKO P1.5/SCLK
P3.2 / SOMIO P1.6 / SDO
P3.1/ SIMOO P1.7 / SDI

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

USARTN USlI

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

P7.3/ UCAOCLK Px.x (CLK)
P7.2 / UCAOSOMI Px.x (MO)
P7.1/ UCAOSIMO Px.x (MI)

P1.x or P2.x (GDOOQ) P1.x or P2.x (GDOO0)

USCI_A/B_n BIT-BANG
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Demo Application Stack

| main.c |
e Application
SO Conﬂg; CC1100-CC2500.c |
x/rx packe  — ]
Tl _CC_spi.c SPI Library
— emmm e R, S— em— — —— — — — — — — -
Board definition { | TI_CC_hardware_board.h |
| |
Hardware
TI_CC_MSP430.h
Chip definition & | E———x TI_CC_CC1100- | Definition
| mMsp430xxxxx.h - <ou0.n |

L Tl == |

Standard MSP430 CC1100/2500EM
device definition file

System
Board /u "

i
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File Organization

Tl CC_CC1100-CC2500.h Definitions specific to the
CC1100/2500 devices

TI_CC_MSP430.h Definitions specific to the MSP430
device

Tl _CC_hardware board.h Definitions specific to the board
(connections between MSP430 and
CCXXXX)

Tl _CC_spi.h Function declarations for hal_spi.c

Tl _CC_spi.c Functions for accessing
CC1100/CC2500 registers via SPI
from MSP430
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Agenda

* Frequency allocation and regulations
* Device selection

 Hardware

e Software

e Support/now to get started
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Getting Started

 Define and specify the product
» Following a standard or going proprietary?
Power consumption
Range and regulatory requirements — frequency of operation
Data rate
RF protocol
SW content
Analyse test tool and instrumentation needs
= Cost

« Compare different vendors — choose RF-IC & tools

» Purchase and evaluate EVMs and required tools
= What SW examples, application notes and documentation are available?

¢ Develop, co-operate or outsource?
= Sufficient resources available?
» Do you have the necessary competence in-house?
= Compliance testing?
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Support

e Search for the relevant information

= Documentation — e.g. data sheets, user guides and application notes
= Knowledge bases
= SW examples

e Contact your local distributor or Tl directly:
= |nternet:
Tl Low Power Wireless home page:

- http://www.ti.com/lpw
TI MSP430 home page:
- http://www.ti.com/msp430
Tl Semiconductor Product Information Center Home Page:
- http://support.ti.com
Tl Semiconductor KnowledgeBase Home Page:
- http://support.ti.com/sc/knowledgebase
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Summary

 We have looked at
» Frequency allocation and regulations
= Suitable MSP430 and Chipcon devices for various applications
» Techniques for achieving low power
= PCB design considerations
= Antennas
» RF modules vs. own designed boards
= Certification
= SmartRF® Tools
= TI HAL Library for MSP430 + CC1100/CC2500
= Getting started
= Support
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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 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.

Resale of Tl products or services with statements different from or beyond the parameters stated by Tl for that product or service
voids all express and any implied warranties for the associated Tl 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, Tl 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 Audio ww Ircom/audid
Data Converters Automotive [vww i.com/automotivg
DSP fisp t.con] Broadband [Www it.com/broadband
Interface Digital Control
Logic [ogic.ficom Military
Power Mgmt pRowerfr.coni Optical Networking [vww.fi.com/opficalnetworH
Microcontrollers  picrocontroller-tr.com Security
RFID Telephony [pww ir-com/telephony
Low Power Video & Imaging [vww fi.com/vided
Wireless

Wireless [vww Ti.com/wirelesd

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
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