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CC2640
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SimpleLink™ Bluetooth low energy CC2640 wireless MCU

THE easiest to THE most
design with HE lowest power integrated

Comprehensive design Multi-year operation on a Complete Bluetooth low
support coin cell energy system in a
finger tip size
Complete SW stack, Ultra low power by Cortex
sample apps, wiki M3 MCU, radio, sleep A single-chip Flash-
guides, dynamic design current and unique Sensor based 4x4 QFN with one
kits, low-cost tools, & Controller crystal
software starting points

Connect More with Tl
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Improving the three key challenges for a Bluetooth low energy product:

Easiest to design with @ Lowest Power @ Most Integrated @

- Qualified BT 4.2 BLE + ~ 6mA Radio peaks and 1uA Sleep © 4x4QFN, 2.7x2.7WCSP

. Get-Started Documentation & Wiki * ~61pA/MHz ARM Cortex M3 * On-Chip Flash

« Dynamic Design Kits - « <10 uA avg. Current @ 1s Conn. Int * Single Ended Output
Comprahensive Design Support Multi-year operation on a coin cell Cog[;{itri 5::1 Ztﬁgg;:?t\f,vj es?zeergy

"CC2640 lowest power wireless MCU"
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SimpleLink™ Bluetooth® low energy
CC2640 Ultra low Power Wireless MCU

Features/Benefits

+ Easiest to design with — Get faster to market: Complete SW stack, wiki
guides, dynamic design kits, low-cost tools, & software starting points

* Lowest power — Use a coin cell for multi-year, always-on operation or
go battery-less with energy harvesting

* Most integrated wireless MCU — Less board space, more possibilities,
single-chip Flash-based, 4x4 QFN

Design Kits & EVMs

CC2650STK $29

CC2650 LaunchPad
Advanced development
platform

SensorTag: For Smartphone app
development and initial hardware
evaluation

Dev Tools & Software

» Software Development Kit, including royalty free Stack,
» SmartRF Studio

» Sensor Controller Studio

TI i0S/Android Multitool

Extensive library of SW examples and sample code

SimpleLink™ cc2640wireless MCU
RF core

WPa ADC
"‘ ADC
Digital PLL
DSP modem

Main CPU

ARM®
Cortex®-M3

Radio
controller

Sensor controller

Sensor controller
engine

General peripherals / modules
Ic 4x 32-hit timers
UART 2x SSI (SPI, pW, TI)

12-bit ADC, 200 ks/s

128 Watchdog timer
2x Analog comparators

10/15/ 30 GPIOs TRNG

SP1/ I°C digital sensor IF

AES Temp. / batt. monitor Constant current source

32 ch. yDMA RTC
DC / DC converter

Wip TEXAS INSTRUMENTS

Time-to-digital converter

2 KB SRAM



http://www.ti.com/tool/smartrftm-studio
http://www.ti.com/tool/smartrftm-studio
http://www.ti.com/tool/smartrftm-studio

SimpleLink™ CC2640

One-chip Wireless MCU

 ARM Cortex M3 Application Processor
 ARM Cortex MO Radio Processor

« Sensor Controller Engine (SCE) :\j
Application (M3) e e e
Application o -~ RF Core_. | +  Sensitivity -97dBm /
Profiles / Services S Cortex N Pout +5dBm @2.4GHz
| > | corex
| ] - Radio (MO
BLE Host | ] Flash: 128 kB [ MO ) _ )
|| RAM: 20 kB A J BLE Radio Firmware
BT | SCE <
. GPIO f$“ S — Sensor Controller
«  Timers n Peripherals | +  ADC readings
UART/SP' - ° Digita|sensor readings
12C /12S QFN 4x4, 5x5, 7x7 + Capacitive Touch
DMA
5
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TI's Bluetooth® 5 overview

SimpleLink™ CC2640R2F & CC2640R2F-Q1
Bluetooth low energy wireless MCUs
www.ti.com/ble

6
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http://www.ti.com/ble

Bluetooth 5 Is the future

N
NN ,/-_’_fi”/""\'."“:‘}.i\ \_»_./4/ 7
NN/
2x ;
speed

__800%; sabﬂi
——limitless . ,, |7
p035|bll|t|es

.

e

Source www.bluetooth.com/bluetooth5
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http://www.bluetooth.com/bluetooth5

New Bluetooth® 5 features

Longer range €3 Bluetooth'5 reacy:

* Improved sensitivity through coding — same TX/RX current

* Whole-house coverage SimpleLink™
CC2640R2F
Bluetooth® low energy

Faster data transfer Wireless MCU

* 500% increase in data throughput vs. Bluetooth 4.0 using 2Mbps .

+ CC2640R2F supports even higher throughput up to SMbps (proprietary) - F{E)S(?EUMENTS

Advertising extension

« Transmit more intelligent data over a beacon with increased broadcasting capacity

» Enable rich location/navigation applications

Learn more

8
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http://e2e.ti.com/blogs_/b/connecting_wirelessly/archive/2017/01/30/how-does-bluetooth-5-increase-the-achievable-range-of-a-bluetooth-low-energy-connection

Long Range use case: door lock

BT 4 link
Distance x 1

» Reliable house coverage

— Reach your lock from anywhere in the house with your phone
— Remove repeaters
— Door lock can reach access point and integrates Smart Home system

« Less retransmission, less power _ "

Benefits for additional applications

Appliance

i |

Industrial sensor network

- Reliable building automation coverage
- Improved range in noisy 2.4GHz space

- Wider tracking zone, improves coverage

9
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Faster data transfer use case

N

* More data throughput
— Improved voice recognition for TV and STB's
— Streaming audio to remote control

* Improved coexistence
— Shorter air time, transmit times
— Fewer interruptions to audio streaming

audio

Benefits for additional applications

- Audio streaming to remote control from streaming
media players

10
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Advertising extension use case: Beacon

Benefits for additional applications
((o) B |
D)) — =l

« Advertising Extension

— Transmit more information over beacon (31 bytes
to 255 bytes).

— More personalized experience (locationing
beacon gives more precise information)

— Connection-less beacons: beacon always
sending information w/o hand-shake leading to
quicker, richer notification

il ASSET
== Tracking

11
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....lImitless other use cases

More applications, more Innovation

A

&/

More data for Biometric Low latency application-
authorization systems level cryptographic

key/certificate exchanges

« High data rate
- Faster Data Logging and Diagnostic
- Faster firmware upgrade

 Long range
- Improved RF noise/ Interference immunity to

electromagnetic interference in industrial
environments

Faster user experience

12
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TI’s Bluetooth Development Resources
overview
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Development Kits SensorTag or LaunchPad?
_

Coin Cell Battery (CR2032) Power Suppy
External required ($15 Debugger Includes onboard (XDS110)
DevPack)
Peripherals On-board All IOs available on pin headers
«  6-axis MEMS motion Features (Boosterpack connectors)
CC2650STK *  Humidity (T1)
$29 . IR temperature (TI) Peripherals
*  Light Sensor (TI) +  External Flash (1IMB)
. Microphone
Pressure
Reed Relay
External Flash (512kB)
DevPack Add-on type  BoosterPack, LaunchPad CC2650LP
* Well suited for SW Pros * Well suited for HW prototyping $29
CC-DEVPACK - development for coin cell * Best RF performance due to
DEBUG operated applications large ground plane
* Good platform for * Well suited for current
$15 evaluating RF performance consumption measurements
for a physically small device » Can be used as stand-alone

debugger

14
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Small, Simple & Splendid for the IoT — next generation
SimpleLink™ SensorTag!

Ti Simple Keys Service

Ambient Temperature

IR Temperature

IR Temperature

mL

Accelerometer
X+

Wip TEXAS INSTRUMENTS




SensorTag — loT made easy

$29 Complete IoT development kit
Access Sensor data in the cloud in 3 minutes

9 Low Power Sensors
— 1 year battery life

Expandable with DevPacks

— Lowest cost $15 debugger

— Watch/Display

— LED/Audio

— Interchangable between SensorTags

Complete designs at www.ti.com/tidesign
— Including 3D files
— Print your own SensorTag

Wip TEXAS INSTRUMENTS
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http://www.ti.com/tidesign

Existing Bluetooth low energy Tl Designs

Bluetooth® Low Energy

= S '8

RS-485 Haptic Feedback Gas Sensor Keyfob

7. ® Bae
ELi ®=o Sl
Light Harvesting BLE Light Postage Stamp R
@ . .

Mini Broadcaster Biometric Wheel USB Dongle SensorTag iBeacon

 acn S 1L IR S

Heart Monitor Body Composition Optical Heart Rate Weight Scale

LYy

Pulse Oximeter
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http://www.ti.com/tool/tidc-bluetooth-low-energy-long-range

CC2640: Reduce your time to market

Easy to design with: Do your final prototype within 10 days (checkout the wiki)

Get Started h Develop Test & Release
e Order Kit * Define Application * FCC/ETSI

e Download SDK e Choose/Design Profiles Certification

e Evaluate & Learn Bluetooth low energy * Implement Prototype * Bluetooth Listing

Extensive Online Knowledge Base & E2E Support — ti.com/ble-forum

Wip TEXAS INSTRUMENTS



SimpleLink™

BLE device: CC2640/CC2640R2F
B A SpF B—— M\ B v B R B

Speaker: Tl engineer, Albin Zhang
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CC2640/CC2640R2F Bluetooth low energy

SimpleLink™ CC26xx wireless MCU
RF core

Wa ADC
%S
Digital PLL
DSP modem

Main CPU

ARM®

Cortex®-M3

ARM®

Cortex®-M0
SRAM

Sensor controller

Sensor controller
engine

General peripherals / modules
I'c 4x 32-bit timers
UART 2x SSI (SPI, pW, TI)
12-bit ADC, 200 ks/s

128 Watchdog timer
2x comparator

10/15/ 31 GPIOs TRNG

SPI-I'C digital sensor IF

AES Temp. / batt. monitor Constant current source

32 ch. yDMA RTC Time-to-digital converter

2KB SRAM

DC-DC converter

Quick Facts

Ultra-low Power Consumption
* 61 pA/MHz ARM Cortex M3
* 8.2 yA/MHz Sensor Controller

* 1 pA sleep with retention and RTC

* 5.9 mA RX (single-ended)

* 6.1 mA TX (single-ended@0dBm)
SoC Key Features

Autonomous sensor controller engine
4x4 mm to 7x7 mm QFN

1.7 — 3.8 V supply range

128 kB Flash

20 kB RAM+ 8 kB Cache

RF Key Features

* +5 dBm output power

-97 dBm sensitivity

-103dBm RX sensitivity @125 kbps (BT 5.0)
QFN and WCSP package

Pin compatible with CC13xx

{’ TEXAS INSTRUMENTS
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Why need to consider hardware design guideline

*Get as expected performance
*Get your design to market on time
*Ensure a good experience with Tl products

*So that your board does not look like this -

21
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Hardware basics
ST TBH A AR ST DM CERAIR, BRERM ERIe  TB&RE R oC

http://edu.21dianyuan.com/index/course info/cid/118
2. 21IC: http://edu.2lic.com/lesson/1637
3. eeWorld: http://training.eeworld.com.cn/Tl/show/course/3613

T B e iR <57 )
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http://edu.21dianyuan.com/index/course_info/cid/118
http://edu.21dianyuan.com/index/course_info/cid/118
http://edu.21dianyuan.com/index/course_info/cid/118
http://edu.21ic.com/lesson/1637
http://edu.21ic.com/lesson/1637
http://edu.21ic.com/lesson/1637
http://training.eeworld.com.cn/TI/show/course/3613
http://training.eeworld.com.cn/TI/show/course/3613

CC2640/CC2640R2F HW Training

FIE, #2458, S8t

layout#fi i < 62 v NI |

M CC26403|CC2640R2F I {7218 BT5.0PHY
REEHNDA

BB R R BV E R A

ELRENA

OARWN -
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Agenda

Schematic overview
— Walkthrough of external components
— RF front end alternatives

CC2640EM PCB designs with layout considerations
Hardware Migration From CC2640F128 to CC2640R2F
Antanna Kits

Design process, testing briefing and certification

Launch with on-line resources

24
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Reference Schematic

VRD_EB vRDs VDDS Decoupling Capacitors VBDR  VDDR Decoupling Capacitors

BLMIBHE152SN1 i i i 1 . .
P 3 .l Pin 11 Pin 28 Pin 18 DCDC SW2 1 Pin 29 Pin 32

o l lﬂ LQ Lce Lg 10:; j_cs lce LClO
Troow Toowe T Joowe géagfoi igdpin e e If&i; Tow

VDS VDDR
u1
o 6
BIo= 7 DI0_0 VDDS
BIG g DIO_1 VDDS2
BIO g1 DIO_2 VDDS_DCDC c31
5 07 DIO_3 VDDR RX TX
O_5/JTAG_TD@5 | D10_4 VDDR 2
JJTAG_TDIG | DIO_5 7 DCDC_SW =
51O DIO_6 DCDC_SW [ Lo1  6.8PF
DIO_7 <
vDDS DIo Z _ ¢ 2.4nH
el IO 777 DIO_8 c21
737 DIO_9 RX_TX [7 REN 1 T
© 2 DIO_10 RFN T T 1T
R1 BIG 5 DIO_11 RF_P 1pF L12 @ c14
100k D10 | DIO_12 L10 I
BIIe) 77| DIO_13 31 X24M P 6.8nH Y
NRESET bio_14 x2am P 1 C12 2nH 12pF
19 1 RFP 2 1 n2
JTAG_TCK T2 RESETN 5 DNM
JTAG_TVS T3 JTAG_TCKC X32K_Q2 c11 2.4nH
c20 % JTAG_TMSC X32K_Q1 — — =
100nF 1pF
DCOUPL
l c1o = R12 and C15 for
= vss =

antenna matching

CC2650F128RHB

32.768kHz| C18

12pF 12pF

25
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Power Supply - Decoupling

VDD_EB
8b_

vgps VDDS Decoupling Capacitors

BLM1BHE152SN1 J Pin 11 Pin 28 Pin 18
~,

FL1
c2 <3 <4 c6 <7
DNM 100nF 100nF 10uF 100nF

DCDC_SwW2

VBPR  VDDR Decoupling Capacitors
Pin 29 Pin 32
.

10uH J_C8 J_ﬁ

c16

10uF 100nF 100nF

6

71 bIo_0 VDDS

g DlO_1 VDDS2

g DIO_2 VDDS_DCDC

167] DIO_3 VDDR

15 DlO_4 VDDR

161 blO_5

20— DIO_6 DCDC_SW
21 DIO_7

251 DIO_8

231 DIO_9

241 DIO_10 RF_N [T
251 DIO_11 RF_P [—
261 DIO_12

271 DIO_13 31
— DlO_14 X24M_P 30
19 X24M_N [—
149 RESET_N 5
5% JTAG_TCKC X32K_Q2 [—a

VDDS:
- Main device supply pin, input voltage =1.8V -3.8V
- Decoupling: 100 nF
VDDS2 / VDDS3:
Supply for a set of DIO pins. May be at a different voltage potential than VDDS
- Decoupling: 100 nF (each)
VDDS_DCDC:
- Input to internal DC/DC regulator
- Decoupling: 10 uF + 100 nF
DCDC_SW:
- Output of internal DC/DC regulator
- Connect to 10 uH inductor and 10 uF capacitor
- Output is supply to the VDDR pins
VDDR:
- Regulated supply pins, input voltage = 1.7 V- 1.95 V
- Decoupling: 100 nF (each)
DCOUPL:

- Decoupling of internal LDO. Connect to 1 uF capacitor

W3 TeExAs INSTRUMENTS
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External Regulator Mode, 1.8 V supply

vBD_EB VBDR VDDR Decoupling Capacitors
BéMlSHElSZ?Nl J Pin 11 Pin 28 Pin 29 Pin 32
A,

™ de e e L
IZ.ZuF IlOOnF Iloom: IlDOnF I 100nF

* Inputvoltage=1.7V-195V

+ VDDS and VDDR pins tied together

g_UI;I070 VDDS

g DlO_1 VDDS2

g DIO_2 VDDS_DCDC

e vorR - VDDS_DCDC and DCDC_SW must be connected to ground
g;E Eigzz DCDC_SW

231 DIO_9

241 DIO_10 RF_N [

s bie i e

] Do g [0 + Typically used in applications with existing 1.8 V rail
11% RESET N - 5

13 JTAG_TCKC X32K_Q2 |2

N JITAG_TMSC X32K_Q1 [—

WL L e + Recommended regulator: TPS62740

27

{; TEXAS INSTRUMENTS



VDDS o
= PROMAVDGTL ULBO. | s |

Voltage reguisiors
Global LDO Digital LDO Volage domain
ali [ Powrdoman |
DC-DC converter Micro LDO

MCU_VD is contraled by AON_WUC:MCUCFG and
ADON_EVENT:MCUWUSEL

Power Supply
- Overview

powered when CC%xx is MCL_AON s p MCU VD is p

el in st down mode.
AUX FDis on by BUS_PD iz HW o be p
_WUCAUXCTLAUX_ E_ON =1 CPU_PD i powered. May be powered when CPU_PD
For power off see ALX section. is off on demand from RFCORE FW.

JTAG_PD is SW-controlled by
A\ON_WUC:ITAGCF G:JTAG_PD_FORCE_ON.

VIMS_PD iz HW controliad 1o be powered whenever
CPU_PD iz powered. Also powered when BUS_FDis
in comibination with

VD PRCM:PDCTLY.VIMS_MODE = 1.

s [ 28

7 bio_o VDDS [—TT CPU_PD s powered on by an enabled sysiem CPU

g Dlo_1 VDDS2 (T8 inlerrupt.

971 DIO_2 VDDS_DCDC 7y CPU_PD ks powered down on com plation of setiing
ig g:g—z zggs 3 system CPU in deep sleep mosde in combination with
16— DIO_5 17 PRCM:PDCTL1.CPU_ON = 0.

20— DIO_6 DCDC_sw

21 DIO_7 =

55 DIO_8 3

23| DIO_9 RX_TX [~

24— DIO_10 RF_N [T RFCORE_PD is SW-conrolled by
257 D191 REP ™ PRCM:PDCTLO.RFC_ON and
26 Bie1s a2 PRCM:PDCTLY.RFC_ON.

— pDIO_14 X24M_P [—30 Bom of these Bits must be cleamd 10 power 30w
19 YeAMN T RFCORE_PD
1% RESET_N 5 =
134 JTAG_TCKC X32K_Q2 [

=% JTAG_TMSC X32K_Q1 [—

12 SERIAL PD ks SW-controliad by
DCOUPL —
c1o a3 PRCM:PDCTLO.SERIAL_ON.
vss
1uF CC2650F 128RHB

PERIPH_PDis SW-controied by
PRCM:FDCTLO. PERIPH_ON.

28
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Reference Schematic - oscillators

|
9
(¢}
o

DIO_10
DIO_11

ik

DIO_12
DIO_13
DIO_14

Rl

~—1 DCOUPL

RESET_N
JITAG_TCKC
JITAG_TMSC

VDDS
VDDS2
VDDS_DCDC
VDDR

VDDR

DCDC_SwW
RX_TX

RF_N
RF

32 kHz RC Oscillator (internal):

http://www.ti.com/lit/an/swra499a/swra499a.pdf

Where the lowest possible BOM cost is desired or when board layout space is limited.

Peripheral role devices (slave) that maintain short (fast) connection intervals or enter BLE
connections infrequently and remain idle or advertising most of the time. Example devices include
door locks, light bulbs, blood glucose meters (BGMs) and fitness/activity trackers.

Beacon or broadcast role devices, such as Apple iBeacon® location and proximity detection
technology and Eddystone™ an open beacon format by Google. These devices do not typically
form connections and spend most of the time performing BLE advertising. These devices will
achieve better (lower) current consumption with the RCOSC_LF than using an external 32 kHz
crystal.

32 kHz XOSC:

Will'increase the sleep clock accuracy and thus reduce the power consumption for BLE (shorter
RX windows around connection events)

Connect to crystal and load capacitors. Lower CL will give lower power consumption

Externally generated clock signal is supported (digital clock). Input is through DIO-pin

24 MHz XOSC:

http://www.ti.com/lit/an/swra495e/swra4d95e.pdf
24 MHz, +/- 40 ppm, CL =5 — 10 pF, ESR_max = 60 ohm
Internal, adjustable, cap array (no need for external load caps)

29
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http://www.ti.com/lit/an/swra499a/swra499a.pdf
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Reference Schematic — JTAG / Reset

JTAG:
T 5 - Used for programming and debugging
771 DIO_O VDDS [11
g DIO_1 VDDS2 [1¢ ) . .
15 Do s VPPSU5DR |5 - Defaultis cJTAG, 2-pin JTAG, using TCKC and TMSC
DIO_5/JTAG_TD®S | DIO_4 VDDR [
wﬂr B}gfg bepc_sw = . . .
voos 21 bi07 - - 4-pin JTAG can be enabled, 2 of the DIOs are used for TDI and TDO (these are fixed pins,
DIO_8 .
& DIO"9 RICTX 5 refer to the Technical Reference Manual)
_ N1
DIO_11 RF_P [—
NRESET — g}g;h X24M_P EBé - Supported debuggers:
RESET N AN T - XDS1003 (cJTAG)
ITAG TMSC oror [ XDS110
— DcouP! XDS200 (cJTAG)
- IAR I-Jet (4-pin JTAG)
CC26xx-5x5 - Segger J-Link (4-pin JTAG)
Reset Pin:
sl e mlsg 0 oo - Active low

Rl7/——/ 0
I

Ris—oNM —ITACTD! - Nointernal pull-up

- Reset is a low power state

vgps - Not strictly required for programming and debugging, but it is highly recommended as it is the
i ERICRINS only way to halt during boot
*— To— e~ Recommended Debug Header:

- 10 pin 1.27 mm pitch header

- Official name: «Cortex Debug Connector» -

{; TEXAS INSTRUMENTS



Reference Schematic — Antenna / SMA

SMA connector:
- R10 and R11 are used to select SMA connector or PCB antenna

Ji

SMA-10V21-TGG
3 - Only one of R10 and R11 should be mounted

4
jalo]js)
= = - Defaultinkits is R11, ie. PCB antenna

PCB antenna:
- R12 and C15 are used for PCB antenna impedance matching

I
T
Olo
2E
1B
o 0
R

On the EM no tuning is required, however we recommend putting these
components in in all customer designs

31
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RF pins

RESET_N
JTAG_TCKC
JTAG_TMSC
DCOUPL

VSS

VDDS
VDDS2
VDDS_DCDC
VDDR
VDDR

DCDC_SW

28

1

18

29

32

_17
3 RX _TX
7 RFN

TR —
31

30
5

w

CC26xx-5x5

RF_P: RF positive output / input

RF_N: RF negative output / input

RX_TX: Optional RF bias pin

Several options on output configuration:

Differential output: Both RF pins are used and a balun + a pi-filter is required between
the CC26xx and the antenna

Single ended output: Only one of the RF pins is used for RF output. Only a pi-filteris
required between the CC26xx and the antenna. Output power is reduced and
sensitivity is degraded

External biasing of the RF pins can be applied through the RX_TX pin. This will
improve sensitivity, but requires an additional inductor.

For single ended configuration, the unused RF pin may alternatively be used as bias
pin

RX_TX can be used for external control of for example an RF switch

Note:

The CC26xx 7x7 package does not have RX_TX-pin, while the CC13xx 7x7 package

does.
32
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RF Frontend options

Sensitivity: Sensitivity:
31
- ]l
(Vp] 1 I L - BLE: -97 dBm - BLE: -96 dBm
a 6.8pF =
3L21
5 RX T J’“"” co1 - Zigbee: -100 dBm - Zigbee: -97 dBm
2
- —ggs 11 -ﬂ_ RF_N 1_% 2
(ﬁ 3 Lio PF 1 Lf_ﬁ 2 - 1 %:h 2 C|:|14 ANT RF_P onH - 1 ,Ill,f,\ 2 - 'IQIM ANT
C i o2nH Li1 2nH J_cm 2nH BpF J_m 2nH J_m iipp
o _ Jz 1 2
.'q_,) J_& > 704 _1pF :1.2pF :1.2pF
P-4 1pF = - -
n =
cas Sensitivity: Sensitivity:
1 e.lsplz—_l?_ - BLE: -96 dBm - BLE: -94 dBm
3L21
J’“"H co1 - Zigbee: -99 dBm - Zigbee: -95 dBm
REN 2 T
RFP I
1pF L12 L13 cia L12 cia
1 n2 1 rm 2 1] ANT RF_P - 1 2 o [ ANT
L1 2nH J_cm 2nH BpF J_g& 2nH J_m I1£p|:

> 7nH 1pF 1.2pF 1.2pF

Internal bias
||o_.

Pout_max =5 dBm Pout_max =2 dBm
Differential output Single-ended output

W3 TeExAs INSTRUMENTS



RF Frontend options

Differential
Ext. Bias Int. Bias
Output Power 5 5
BLE Sensitivity -97 -96
Zigbee Sensitivity -100 -99
Inductors
Capacitors

Single Ended
Ext. Bias Int. Bias
2 2
-96 -94
-97 -95

10

[dBm]
[dBm]

[dBm]

34
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Agenda

Schematic overview

CC2640EM PCB designs with layout considerations
Hardware Migration From CC2640F128 to CC2640R2F
Antanna Kits

Design process, testing briefing and certification

Launch with on-line resources

35
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Reference Layout

Follow the reference layout!

All reference designs are for 2-layer PCBs
— Thickness = 0.8 mm
— 4 (or more) layers is also ok

Place the RF match close to the RF pins

Solid ground plane
— No signal traces underneath the RF path!

— Ground return paths between the antenna / RF-components and
CC26xx must be uninterrupted

— Keep as much signal- and power routing on the top layer as possible

Place decoupling caps as close to the VDD pins as possible

— Ground return paths between decoupling caps and CC26xx should be
short and direct

DC/DC-regulator must have a short and direct ground connection to
CC26xx

36
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Reference Laylout — Differential output

Antenna match components

Longer RF traces must have 50 ohm impedance

Notice orientation of pi-filter layout

— Shunt components oriented opposite way to avoid
crosstalk

“Copy/Paste” the balun circuit is quite necessary.
— Symmetry
— Length

37

{; TEXAS INSTRUMENTS



Reference Laxout — Differential output

» No traces underneath the RF path

— Willincrease the impedance of the RF ground return
paths and, even worse, create current loops

— May lead to reduced RF performance and spuriuos
emission

I —
5B

(11 (171
Tl [T T1
11
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Reference Layout — Single ended output
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. Make sure decoupling ground paths
are short and direct (low impedance)

» Make sure the DCDC switch ground
path is short and direct (low
impedance)

* Try to locate as much routing as
possible on the top layer in 2-layer
PCBs

40
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Reference Layout — Everythina else

» Make sure decoupling ground paths
are short and direct (low impedance)

» Make sure the DCDC switch ground
path is short and direct (low
impedance)

» Try to locate as much routing as
possible on the top layer in 2-layer
PCBs

WDOS

VODs

41
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Reference Layout — Integrated Balun

+ Integrated Baluns have been available.
* Form factor: 6 pins 0603-package

* RF performance compared to discrete solution (may change):
— 0.5dBto 1 dB insertion loss
— Improved surpression of harmonic emission

42
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Available reference designs

Design files

SimpleLink CC2640R2F WCSP EVM v1.1.0 Design Files

LAUNCHXL-CC2640R2 Design Files

SimpleLink CC2650 EVM Kit JohBal (CC2650EM-JohBal) v2.0.0 Design Files

SimpleLink CC2650 EVM Kit MurBal (CC2650EM-MurBal) v1.0.1 Design Files

SimpleLink CC2650 EVM Kit 4XD (CC2650EM-4XD) v1.0.3 Design Files

SimpleLink CC2650 EVM Kit 4XS_Ext Reg (CC2650EM-4XS_Ext Reg) v2.0.0 Design Files
SimpleLink CC2650 EVM Kit 4XS (CC2650EM-4XS) v1.0.4 Design Files

SimpleLink CC2650 EVM Kit 5XD (CC2650EM-5XD) v1.0.5 Design Files

SimpleLink CC2650 EVM Kit 7ID (CC2650EM-7ID) v1.2.6 Design Files

Boards marked in Green is orderable in Tl estore. http://estore.ti.com/

43
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Hardware Migration From CC2640F128 to CC2640R2F

The Same!

The CC2640R2F comes in the same three QFN packages as the CC2640F128
and these are all pin and function compatible.

» The requirements to the external components, including crystals, DCDC- and
RF components, are the same between the two devices.

» For an existing well-functioning PCB design, the CC2640F128 can simply be
replaced with the CC2640R2F without any other hardware changes.

What’s New

1. CC2640R2F in WCSP package
2. CC2640R2F-Q1——Automotive Qualified SimpleLink™
Bluetooth® low energy Wireless MCU

45
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CC2640R2F in WCSP package

TEXAS
INSTRUMENTS

wu Model: CC2650EM-CXS
1.0

Smallest area WCSP package with only . T Rev:
2.7x2.7mm footprint

* Thinnest package, only 0.575 mm hight vs 1mm
for QFN package

Al
ot -L
'::' - -_-[.'.-.
g-r_':.: - :} 38 mm?2

RI7RIS

* 14 GPIOs (4 more than the 4x4 QFN package)

+ Complete reference design available with ra
38mm2 footprint, including crystal and passives -y : | R18R16

{’ TEXAS INSTRUMENTS



CC2640R2F is ready for Bluetooth® 5

Longer range

+ 6 dB improved sensitivity through coding — same TX/RX current B|“3t°°th’75“‘“
* Whole-house coverage

SimpleLink™

CC2640R2F
Bluetooth® low energy
Wireless MCU
Higher speeds i
. . . INSTRUMENTS
* 500% increase in data throughput vs. Bluetooth 4.0 using 2Mbps

+ CC2640R2F supports even higher throughput up to 5Mbps in proprietary mode

Increased broadcasting capacity

Transmit more intelligent data over a beacon using Advertisement Extensions

« Enable rich location/navigation applications

47
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Sensitivity and RF link budget

* RF Link budget is the ratio between the transmit RF power and the receiver

sensitivity level.

Link budget = TX Power - Sensitivity level. Ex: 5 dBm - (-103 dBm) = 108 dB.

TX power: +5dBm
Link budget = Link budget =
102 dB 108 dB
RX sensitivity @ 1Mbps: -97dBm
Examples from CC2640R2F RX sensitivity @125 kbps: -103dBm

% TEXAS INSTRUMENTS
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Basic Function of an Antenna

_Qk((( . Transmit mode: Transform RF signals into

electromagnetic waves, propagating into
free space

\ 4

X

. Receive mode: Transform electromagnetic
waves into RF signals
Q)

 RX

« Range R

. The antenna is a key component for the successful design of a
wireless communication system.

50

ﬂ’ TEXAS INSTRUMENTS



Antenna Selection Quick Guide

DNO35

Kip Pexas s Antenna Selection Quick Guide DNO35
Design / Application Note DNOO7 *1 ANO043 *2 DNO04 DMxxx DNO024 DNO034 ANO48
Frequency 2.4 GHz 2 4 GHz 2 4 GHz 2.4 GHz 2.4 GHz 2.4 GHz 2.4 GHz
Typical Efficiency 80%(EB) 94%(SA) 68%(EB) 80%(EB) 65%(Zlight2) 76%(EB) 94%(SA) 72%(SA) 55%(USB)
Bandwidth@ VSWR 2:0 280 MHz 101 MHz 100 MHz 150 MHz 354 MHz (SA) 497 MHz 150 MHz
Dimensicns (mm) 26 x 8 15x 6 46 x 9 45x25 38 x 25 150 x 100 7x3

—
Design / Application Note DNO024 *1 DMNO023 DMNO31 DNO31 DNO033 DNO031 DNO38 2
Frequency 868 /915 /920 MHz | 868/ 915/ 920 MHz | 868/ 915/ 920 MHz | 868 /915 /920 MHz | 868 / 915/ 920 MHz | 868 /915 /920 MHz | 868 /915 /920 MHz
Typical Efficiency 64%(EB) 98%(SA) 80%(SA) 69%(EB) 64%(EB) 48%(EB) 63%(EB) 66%(EB)
Bandwidth @ VSWR 2:0 88 MHz (SA) 40 MHz 62 MHz 56 MHz 56 MHz 6 MHz 40 MHz
Dimensions (mm) 38 x 25 43 x 20 10 x 28 48x 8 15 x (5 to 29) 10 x 14 19 % 12
— Antenna Support Documentation
(RO _
Antenna Selection Antenna Selection
™ ™ 3 I8 ‘Comprahensive Quick Guide
L uu-nuuuuuj f,\:':s‘é DMO3S
v
Design / Application Note DNO31 DMNO31 "1 DINO31 DNO31 "1 DNO31 "1 O S e Ery™
Frequency 433 MHz 433 MHz 433 MHz 315 MHz 136 - 240 MHz L Lo
Typical Efficiency 20%(EB) 26%(EB) 15%(EB) 15%(EB) 7%(EB) T e
Bandwidth @ VSWR 2:0 23 MHz 38 MHz 30 MHz 4 MHz 3 MHz A, S TDNDS D, DS, s 2
Dimensions (mm) 37 x9 42 x (10 to 29) 15 x (5 to 29) 37 x9 42 x (22 to 29)
OTA Measurement Reports.
EB: SmartRF Evaluation Board *1 First Choice *2 Second Choice SWRA3S1A By Richard Wallace DNExx |

SA: Stand Alone

Recommended Antenna

Recommended Antenna

All the antenna documentation can be hyperlinked through DN035

W3 TeExAs INSTRUMENTS




Reference Designs — CC-Antenna-DK?2

SWRA496

52
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Antenna Performance

.................................................

Tuning the antenna: 0
*Make sure the metals, plastics and
human body close to the antenna are

factored into the tuning N _________ o ' S L ~
- YX Power—OdBm -
: Center -

______ eq

The impedance and resonance
frequency of the antenna get affected

_10_
. . . m
‘Need to re-tune in your realistic 2
product in most of cases @
_15_ ........................................
*Strong recommend to involve the
professional Antenna Manufacture for : : : : . / ; ; ; ;
a serious product. P __________ __________ __________ X ________ __________ __________ __________ __________
I— Free slp-ace
= Plastic encapsulation
' ! ' ' ' = Plastic encapsulation and hand
-25 | | | | | I I I I |
2 21 22 23 24 25 26 27 28 29 3

Frekvens GHz
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Design Process

Download
Tl reference design
Schematic and PCB

Update
Design

v

Design your
Schematic/PCB

I

Compare

& yes
OK?

\4

IN DETAIL

« We can assist!

A 4

Build

ﬂ’ TEXAS INSTRUMENTS
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How and What to Debug?

Testing shall be divided up into separate parts, independent of each other

Hardware, software, and antenna shall be tested separately

Test the SW with well-known working HW.
— E.g. evaluation modules

Test the HW with well-known working SW.
— E.g. SmartRF® Studio, SW examples from Tl

Test the antenna with a network analyzer

56
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How and What to Test -1

« SIG specification testing

http://edu.2lic.com/lesson/1765

http://training.eeworld.com.cn/Tl/video/9104

http://edu.21dianyuan.com/index/course info/cid/390

BEER HXER

RS2 : AR CC264089BLESTSHERR(T)

Rad3 1 CC2640R2H<IE(SIES A

4] MR C C2640 K BLE S Hifs i - 1

F 5 450000 R 00 96 R A

hr L 3¢ =
1R 3 s ¢
il SR $ 2 A LT1 T db JRiI 2N rg A LTI
vi > MZ. L A2 1L Bl Y / S AN Y

o WSS9 M LAY 2 i

\ar )/

o WA BR-fECBT_LWKTIH CC2640

,
W#i3 TEXAS INSTRUMENTS

> O 0028 —f 1300 @)

% TEXAS INSTRUMENTS
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How and What to Test - 2

Spectrum Analyzer

PC with SmartRF Studio installed

SmartRF Eval Board

and Eval Module IE\
1 \

General RF tester

SmartRF Eval Board Variable

and Eval Module E— Attenuator

1 TX

PC with SmartRF Studio
installed

|
: | | smartar Evai Boara /
and Eval Module
~ |
\ 2 | RX
|
|
|
\

Shielded Box

Golden Sample
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Qualification

http://processors.wiki.ti.com/index.php/How to Certify your Bluetooth product

Radio Certification

Bluetooth
Product
1. Become B|uet00th Regulatory
ifi i ifi i Domain
SIG Member (It's freel) ( D Q”;"f'cat"’” Ce;t'f'cat"’” (rec ersi) ( :
rocess rocess
2. Follow the instructions on
www.bluetooth.com
Bluetooth logo Licenseto Sell I*I Tclec Empower the wave!
License grant
Industry
Canada
Global

 Market SRRC
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Quick starter on-line!

Once you have your myTIl account, you will get
On line resources:
HW and system documentations:
www.ti.com/CC2640
http://processors.wiki.ti.com/index.php/Category:BluetoothLE
SW SDK and documentations:
Under the SDK installation folder
On line training:
Training in English: http://training.ti.com
Training in Chinese: http://www.TIl.com.cn/training link to [211C/eeWorld
Academy: http://www.ti.com/Isds/ti/wireless-connectivity/simplelink-solutions/simplelink-academy.page
Technical support forum:
E2E in English:
https://e2e.ti.com/support/wireless _connectivity/bluetooth_low_energy/
Deyisupport in Chinese:
http://www.deyisupport.com/question_answer/wireless_connectivity/default.aspx

{‘ TEXAS INSTRUMENTS
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http://www.ti.com/CC2640
http://processors.wiki.ti.com/index.php/Category:BluetoothLE
http://processors.wiki.ti.com/index.php/Category:BluetoothLE
http://processors.wiki.ti.com/index.php/Category:BluetoothLE
http://training.ti.com/
http://www.ti.com.cn/training
http://www.ti.com.cn/training
http://www.ti.com/lsds/ti/wireless-connectivity/simplelink-solutions/simplelink-academy.page
http://www.ti.com/lsds/ti/wireless-connectivity/simplelink-solutions/simplelink-academy.page
http://www.ti.com/lsds/ti/wireless-connectivity/simplelink-solutions/simplelink-academy.page
http://www.ti.com/lsds/ti/wireless-connectivity/simplelink-solutions/simplelink-academy.page
http://www.ti.com/lsds/ti/wireless-connectivity/simplelink-solutions/simplelink-academy.page
http://www.ti.com/lsds/ti/wireless-connectivity/simplelink-solutions/simplelink-academy.page
http://www.ti.com/lsds/ti/wireless-connectivity/simplelink-solutions/simplelink-academy.page
http://www.ti.com/lsds/ti/wireless-connectivity/simplelink-solutions/simplelink-academy.page
http://www.ti.com/lsds/ti/wireless-connectivity/simplelink-solutions/simplelink-academy.page
https://e2e.ti.com/support/wireless_connectivity/bluetooth_low_energy/
https://e2e.ti.com/support/wireless_connectivity/bluetooth_low_energy/
https://e2e.ti.com/support/wireless_connectivity/bluetooth_low_energy/
http://www.deyisupport.com/question_answer/wireless_connectivity/default.aspx
http://www.deyisupport.com/question_answer/wireless_connectivity/default.aspx
http://www.deyisupport.com/question_answer/wireless_connectivity/default.aspx

Thank you!
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CC2640/CC2640R2F .

ULP Wireless MCU

o L FHALFE 23 A0 FE AR NAT 45
— {EII¥E ARM Cortex-M3H T+ FH # 4
— {3 ARM Cortex-M0 4| RFAZ%
— BRTHFEAL R S 121 2% (SCE) i) H g8 il 7h ¢

Main CPU

Application
RTOS and Drivers

GPIO
Timers
UART / SPI
12C [ 12S
DMA

AES

\

Main CPU
'\ﬁ

>
Cortex-M3

RF Coree

Radio
controller

SCE

3)

Extremely flexible ultra-low power
radio

Built in autonomous packet
engine

>  Peripherals

Sensor Controller Engine

Ultra-low power sensor interface
ADC readings
Sensor readings via [2C/SPI
Simple processing

{’ TEXAS INSTRUMENTS
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PR JUAN 7 T ks SRAR S THFEE fE

1.

2
3.
4

When in Standby (with RTC and RAM retention)
When processing with MCU
When radio is in Receive or Transmit

When peripheral is polled for data
Standby Current

connection events

Radio

~6mA RX / TX current

Sensor Controller Engine

1 pA Standby with RTC and full L P 3
retention Cortex RF Core : .
Less than 0.15 pA in Shutdown M3 s s
Cortex |
2 | ARM Cortex M3 MO | / &
. -~ c
Fast processing using less than /’ SCE
3mA @ 48MHz A o e s o o
Less time used for stack and Peripherals '
application processing and BLE .

Sensor controller and its
peripherals can be powered
while rest of system is power
off.

Run Sensor Reading with <
5 YA current consumption

{’ TEXAS INSTRUMENTS
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Sensor Controller Engine (SCE)-f&/E#2 575

ML FM3EAZ FR DAL B 4%

o ALK AP CREAT I ] DR R AT b PR
o R HAl R GEARAR N % S T AR

uTF“ﬁH T S AR T S A% S il 45
PIR (motion detector)
Capacitive touch keys
Proximity sensors
Accelerometers
ADC measurements
Pulse counting

« J:T-Sensor Controller Studioif {7t &

BEF M- FERE

= 16ALKG RS EALBE AR

= 2 KB SRAM (code + data)
o IR

32kHz-24MHz

= 8.2uA/MHz
] ‘ External Sensors
] MO : Analog
M3 o j Sensor
j W Digital
Sensor
Peripheral 3 Capacitive
Touch

{’ TEXAS INSTRUMENTS
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What is Sensor Controller Studio (SCS) ?

SCS/e 5 il AN R B HE /1 B BT &35 . SCSHIE — > A ar BB - i,
NE T HZHSHFRMAIT K T,

ik

= White C style code to initialize,
execute and terminate tasks

= Ataskis a small program
running from RAM in the SC

= Many examples exist to shw
how to control the various
peripherals

Tk

= Visualize output from tasks in
the Task Testing pane

= Debug assembly code if
neccessary

=  Generate driver and machine
code.

BEFFH

= Export to main IDE for your
software project

{’ TEXAS INSTRUMENTS
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SCS 1 FX1CH5

SCHI%iFETE 5 KC, - TAEFRIT R (WIdatl, AT, 4&45)
o (% ZMNSCHIRAMEIZIT I — B/INEF?

*  SCSHL i H 1R 2 S 3Ll i) TR

o IR SRR Z8MES

% sensor Controller Studio 1.4.0.42970 - Texas Instruments
File Edit View Help

ne Analog Light Sensor - Execution Code

Start Page // Power up the light sensor and wait for it bo get ready
fgelog Light Sensor gpioSecoutpat (RUKIO O ALS POWER);
Analog Light Sensor e e 2 sy »
5§ nitialization Code = _RANGE 1!

2 // Enable the ADC
Eﬁ ]/OIAEWMWW Code 2dcEnableSync (ADC_REF_FIXED, ADC_SAMPLE_TIME_2P7_US, ADC_TRIGGER_MANUAL):

. apping

(] Code Generator

73] Task Testing

// Sample i
516 adcvalus
adcGenManwalTrigger () ;
adcReadFifo(adcValue) ;
state.adcValue = adcValue;

= light sensor

IME_2P73_MS
// Disable the ADC W
adeDisable() ;

// Pover down the light sensor Initial
gpioClearoutput (AUKIO_O_ALS_POWER) ;

g]
hystere:
- pBinTh
10

// Get the minimum and maximum for the current bin
U16 bin = outpuc.bin;

S16% pThreshold = #cfg.pBinThresholds + bin:

$16 min = = (pThresnolds:) - cfg.hysteresis:
516 max = = (pThreshold++) + cfg.hysteresis;

sis
resholds{6]
51

farceOutput

need to generate output
U16 doOutput = state.forceQutput;

if (adcValue < mim)

1;

(adcValue >
doOutput = 1;

Add

// If output is needed, find the new bin value and netify ths driver ...
(doOutput == 1) {

J/ For each bin
for (U6 n = 0:

< BIN_comnT; ned) ¢ adcGenManualTrigger
- || 2dcGetifostatus
adcReadFifo

47 If the ADC value is larger, move up one bin
if (adcValue >= cfg.pBinThresholds(n]) {

bin = n;
¥

fuDelaylnstrCycles
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SCS 2 (£ iR

] MMESF A AR B EE SR

o SCRFICGIAIR

o BIDHAT, MBI

o AESFIEI e A IR TR BB AT« QRS 2 AMESS, BEAMESS AT AR B E B TR [8) FR AT -

% Sensor Controller Studio 0.8.2.33488 INTERNAL - Texas Instruments 4 Sensor Controller Studio 0.8.2.33488 INTERNAL - Texas Instruments

File View TaskDebugging Help
o B S Debugger - Analog Light » =

Start Page

File View TaskTesting Help
o ®f Task Testing ’ » o= = -

Start Page 1] Light Sensor Demo A ] Analog Light Sensor A Using: light_sensor_demo_cfg.csv

Light Sensor Demo Light Sensor Demo
-] Analog Light Sensor & Analog Light Sensor ? [
ystere
5 Initialization Code - 5§ Initislization Code = pBinThresholds
O hysteresis S0 Execution Code [

&[] pBinThreshelds

© 5 Termination Code B Termination Code
2 V0 Mapping : %% B2 10 Mapping 400
[6] Code Generator i . 0 [8) Code Generator H 600
i 600 128 Task Testing 5 R7 = BUX I/0 index 20
300 gpioSeroutput: 4095
H . 4095 ; Calculate the 3
- output
: rex e, # dcVal 77
H - adeValue
. --—- e81%4 add R6, #ICP_. " forceOutput 0

adeValue
[ forceOutput

: Create the bit-vect
£007 and R7,
1d RS,
1s1

; Set the GPIO
RS,

ntro
EXCVECTOR  0x00
0

0x0ce
OPCODE Oxdf26
LOOP START 00000
SELF STOP LOCPEND  0x0000
BUS ERROR LOOP COUNT 0x00
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SCS 3 f(i5-F4]

s SCSHAE A H T EMCUH KRS

« FFIARFICCS, A7 s A TI-RTOS

AE S BB BB SN SCHY
RAMAIZAT

TR MNSCS T i

oller Studio 0.8.2.33488 INTERNAL - T Instrume
fle View Help
LI B

] ster Poge
o Light Sensor Deme
= ] Analog Light Senser
{ Initishization Code
5 Execution Code
ation Code

Code Generator

i Code Gener
28] Task Testing

W Selecting project
™ Validating project
Reading source template files
™ Vakidating task
™ Processing task
W Compiling task code

9
Reading source template files
W Processing project
Done

Dle fde You Promt Jooh Mndew biew

11:04:12.432
11:04:12493
110412497
110412499
11:04:12.509
110412508
11:04:12.561
11:04:12.576
11:04:12.578

TAYREEO SIS WA S DD

Light Senser Demo
Light Sensor Demo
Light Sensor Demo
Ansiog Light Sensor
Anslog Light Sensar
Initialzation Code
Execution Code
Termination Code
Light Senscr Demo
Light Sensor Demo
Light Sensor Demo
ress source code”

Bulding conbgurason tack_tastng - Dabug
Undotng buid ves

Contgureson s upo-date

™ ey ] |
=" > =i |
Fies :
8 (Jrask_testing - Debug v o
I ies
Feciometin
| o Bepuc
(1N 2
ey
s
@R cdge 1
PR e :
B35 .
aliom 7
T e e et drestoc gt et (3 = (
i
3
H
351 /7% \brief Look-up ¢uble of dete strecture (nforntion for esch task
T S i &R |
“[ " Messages

T

| -

Enord Wamings0 LnL Coll
SO
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A1k 4/23

HREL-SensorTag or LaunchPad?  woen. sstrzsesise

CC2650STK
$29

CC-DEVPACK-
DEBUG
$15

CC2650 SensorTag _ CC2650/CC2640R2 LaunchPad

Coin Cell Battery (CR2032) 6:4::)

External required ($15 Wi/ TRITR

DevPack)

Peripherals R b BER KR
6-axis MEMS motion FiER
Humidity (TI)

IR temperature (TI)
Light Sensor (TI)
Microphone

Pressure

Reed Relay

External Flash (512kB)

DevPack BLEF KR

+  Well suited for SW F R
development for coin cell
operated applications
Good platform for
evaluating RF performance
for a physically small device

FREESHIPALL: 17 % HF##

Includes onboard (XDS110)

All IOs available on pin headers
(Boosterpack connectors)

Peripherals
. External Flash (1MB)

BoosterPack, LaunchPad CC2650LP

* Well suited for HW prototyping CC2640R2LP
- Best RF performance due to $29
large ground plane
* Well suited for current
consumption measurements
» Can be used as stand-alone

debugger o

Both development kits are supported by accompanying iOS/Android @#pSTEXAS INSTRUMENTS



CC2640 5 CC2640R2FHIANE]?

CC2640R2F

-~ L}

2.7 x 2.7mm chip scale

CC2640

Comment

B3 package or QFN (4x4, 5x5, QFN (4x4, 5x5, 7X7MM) | g OF NI £ PIN2PINGE S
7X7mm)

XA B RRPE—FF, (H

BLE JF R BF#AEM: v. 3.0.0 v. 2.2.1 2 v.3.0.0. A9 R E R
BETE 2 1 R FH A7 2 )

LaunchPad™ FF &% LAUNCHXL-CC2640R2 LAUNCHXL-CC2650

4o CC2640R2F 7 Fr e Hi i

BT i : 4.2 BLE5.0 [{IPHY, H 5 k43 HF

Future BT 5 SDK Support BLE 5.0 i

72
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http://www.ti.com/ble-stack
http://www.ti.com/ble-stack
http://www.ti.com/ble-stack
http://www.ti.com/ble-stack
http://www.ti.com/tool/launchxl-cc2640r2
http://www.ti.com/tool/launchxl-cc2640r2
http://www.ti.com/tool/launchxl-cc2640r2
http://www.ti.com/tool/launchxl-cc2650
http://www.ti.com/tool/launchxl-cc2650
http://www.ti.com/tool/launchxl-cc2650

CC2640 5 CC2640R2FIX Il

CC2640R2F 7 HBLES.QZEL:K 1) & Ih &
CC2640R2F & £ [ Flash 2 8] L M. FH 218
CC2640R2F £ 2.7*2.7mm )it i Zt8 /N B 45 (14GPI0s)

CC2640R2F ¥ F M o8 =15 — & bLi:

Table 3-2. Typical'” Flash Memory Available for Customer Applications

Davice Simple BLE peripheral (BT 4.0)'2 Simple BLE peripheral (BT 4.2)@ 12
CO2640R2F oot B3KB BOKB
CC2E40/CC2650F 1 28x0¢ 41KB 31KB

(1

(2)
(3)
(4)

Actual use of ROM and flash by the protocol stack will vary depending on device software configuration. The values in this lable ane
provided as guidance only.

Application example with 2 services (GAP and Simple Profile). Compiled using 1AR.

BT4.2 configuration including Secure Pairing, Privacy 1.2, and Data Length Extension

BLE applications running on the CC2640R2ZF device make use of up to 115kE of system ROM and up to 32kB of RF Core ROM in order
to minimize the flash usage. The maximum amount of non-volatile memory avialable for ELE applications on CC2840R2F is thus 2T5KE
(128KB flazh + 147KE ROM).
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SimpleLink™ Bluetooth® low energy
CC2640R2F: Ultra-low power wireless MCU

Drivers
RTOS

BLE Stack

TI CC2640R2F

256kB flash comparable BLE SoC

Bluetooth 4.2 protocol stack in ROM

~80kB free flash for application use

BLE-Stack upgradable via ROM patches

Table 3-2. Typical'! Flash Memory Available for Customer Applications

Device Simple BLE peripheral (BT 4.0/ Simple BLE peripheral (BT 4.2)@ @
CC2640R2F 000 83KB BOKE
CC2B40/CC2B50F 1281000 41KB 31KB

(1

(2)
(3)
(4

Aciual use of ROM and flash by the protocol stack will vary depending on device software configuration. The values in this lable are

provided as guidance only.

Application example with 2 services (GAP and Simple Profile). Compiled using LAR.

BT4.2 configuration Including Secure Palring, Privacy 1.2, and Data Length Extension

BLE applications running on the CC2640R2F device make use of up to 115kB of system ROM and up to 32kB of RF Core ROM in order
1o minimize the flash usage. The maximum amount of non-volatile memory avialable for BLE applications on CC2640R2F s thus 275KB

(128KB flash + 147KB ROM).
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BLE-Stack 2.2 BT4.2 ##/¢

LE %4 1%

LE [2FA1.2

LE B K MR

Fixes passive eavesdropping
vulnerabilities in legacy pairing
methods used in BT 4.0 & 4.1

Adds Numeric Comparison pairing
authentication method to prevent
Man-in-the-Middle (MITM) attack

Elliptical Curve Diffie-Hellman
(ECDH) algorithm used for key
exchange during pairing process

Uses same FIPS compliant AES-
128 encryption as BT4.0

Backwards compatible with LE
legacy paring methods

Keeps devices from being
tracked by using random BT
device addresses that change over
time

Fixes confusing privacy
implementation from earlier
specifications

Improves power efficiency by
filtering out unwanted device
connections or scans in the
Controller

Allows whitelisting of bonded iOS
and Android devices that
implement privacy

Improves throughput up to 2.5x
comparedto BT 4.0 & 4.1

+ Uses same 1 Mbps PHY rate

+  Connection packet payload

(PDU) increases from 27 to a

max 251 bytes
+  PDU size negotiated by both
devices during connection

Allows for higher level applications
that require more throughput

Improves existing applications,
such as firmware update (OAD)
when supported by both devices

@ TEXAS INSTRUMENTS
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SimpleLink CC2640R2 SDK

» 5 SimpleLink K% ik it —EHIMCU SDK 2244
— BAEHIMCUA P A HISDK #3441 FSTom————
o %(Mﬁ% H % C\tl SDK plug-ins
« TI-RTOS N & T SDKH
— JREIKZN
— SYS/BIOS W#4
« BLE-Stack v3 & ot

- sk
— Optional Application Pack with additional

sample applications
« N7 FFCC2640R2F

Tl SimpleLink™ MCU SDK

Middleware

|IEEE 802.15.4 BLE / WIFI

1™
-]
|}
o
=8
x
1]
@
o
[ =]
S
=]
wn
o
x
o
8
>
=
7]
13
]
2
T
(a]
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Simplelink CC2640R2 SDK & &

» OSDisk (C) » ti » simplelink_cc2640r2_sdk_1_00_00_22 »

brary

™ Share with = New folder

-

Name

e
P

-

)

metadata
docs
examples
kernel
source
tools

imports.mak

license_simplelink_cc2640r2_sdk_1_00_00..
manifest_simplelink_cc2640r2_sdk_1_00_0...

release_notes_simplelink_cc2640r2_sdk_1...

simplelinkcc2640r2sdk_1_00_00_22.log
uninstall.dat

uninstall.exe

Date modified

1/23/2017 5:08 PM
1/23/2017 5:05 PM
1/23/2017 5:05 PM
1/23/2017 5:08 PM
1/23/2017 5:05 PM
1/23/2017 5:05 PM

12/10/2016 12:09 ...
12/20/2016 3:20 A...
12/20/2016 3:20 A...
12/22/2016 5:02 A...

1/23/2017 5:09 PM
1/23/2017 5:08 PM
1/23/2017 5:08 PM

Type Size

File folder

File folder

File folder

File folder

File folder

File folder

MAK File 2 KB
26 KB

223 KB

Text Document
Chrome HTML Do...
Chrome HTML
Text Document
DAT File

Application

\exampIes\r‘tus\[CZMURZ,LAUN(HXL\bIestacH

library ~

Share with ~

>

Name

bim_oad_offchip
bim_oad_onchip
boards

common

config

hexfiles
host_test

icall

inc
micro_eddystone_beacon
multi_role
oad_target
profiles

simple_broadcaster

New folder

Date modified

1/23/2017 505 PM
1/23/2017 5:05 PM
1/23/2017 5:07 PM
1/23/2017 5:.05 PM
1/23/2017 5:07 PM
1/23/2017 507 PM
1/23/2017 5:05 PM
1/23/2017 5:05 PM
1/23/2017 5:07 PM
1/23/2017 5:05 PM
1/23/2017 505 PM
1/23/2017 5:05 PM
1/23/2017 5:05 PM
1/23/2017 5:05 PX

Type

File folder
File folder
File folder
File folder
File folder
File folder
File folder
File folder
File folder
File folder
File folder
File folder

Filefa

ZN MW

Documentation Overview for SimpleLink™ CC2640R2 SDK

Table of Contents

« SimpleLink™ CC2640R2 SDK

« SDK Components
« Additional Online Support
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TR PR F _EiB4TCC2640R2 SDK

« CC2640R2F W] LIf#i FI4T & Y] CC26xx EM & ¥¢1t: 7ID, 5XD, 4XS, %
Jaray

~J .
o MIhAanard ~rtidie 222K Il gz oz ) A A 20 .
£4 /** ============================================================================
( 65 * sSymbol by generic Board.c to include the correct kit specific Board.c

68 #define CC2658EM_S5XD

Package Option | Total GPIO Pins | MAX I0OID
31

o UHECE U LLRF SR PR T I0ID_30
)R] FHGPIO 5x5 mm QFN 15 I0ID_14

4x4 mm QFN 10 10ID_9

2.7 X 2.7 mm

WCSP 14 I0ID_13

o GitHub E EMER T iR 5 2% .
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HEF A CC2640/CC2640R2F

Royalty free from TI, ready for application development

Over-the-air download

The FLASH can be partially updated over-

the-air, which means that the application can

be updated separately from the BLE stack.
= |

, N F 3)
IDE’s: FLASH *
— ( ) |:| Source
¥ Application & Profiles L] Library
Code TI RTOS (RTOS thread)
Composer &
Studio Peripheral Bl hi
= Drivers uetooth low energy
%?J{%\'/E Protocol Stack
- ol | w ROM code
The RTOS kernel and parts of the
Lower layers of RTOS kernel and BLE radio BLE controller are stored in CC2640

ROM, so these components do not

. occupy FLASH space.
HW: CC26xx Evaluation & Development Boards

{; TEXAS INSTRUMENTS
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TI-RTOS RIEPABIRFT R

 Real Time Operating System (RTOS) - {55 &(Semaphores)
— R Z R — (£S5 R L
— T TR . HNEIRF
— fitb ) TI-RTOS W% — GPIO, 12C, SPI, UART,
. EIEI bl WATCHDOG, LCD
— fEA: ERT AR DI RE o DIFEREEH
— B e ThEE (Ex. One shot or — BEBVEHS T RIFERE

periodic timer)

T,

5 CCS Dabug - Code Ce

ARG HTX

{; TEXAS INSTRUMENTS
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Getting Started with CC2640/CC2640R2F SW Development

CCS Cloud + Project Zero

SimpleLink Academy

BLE-Stack SDK + GitHub

* No software needed. Only a
$29 Launchpad and a browser

* Click a button to flash device with
Project Zero and follow instructions
for your first iOS / Android interaction
with BLE

* Import project to CCS Cloud editor
and develop / build / debug, or:

» Download all needed project files in
one archive file for CCS Desktop
development

Training modules integrated with
CCs
Explanations and theory
Interactive quizzes
Tasks with step by step instructions
Learn about:
* TI-RTOS concepts (Task,
Semaphore etc)
* BLE Services
» Simple Network Processor
* Sensor Controller Studio

Example usage of adopted profiles
included in the BLE SDK installer

* Blood Pressure

* HID Keyboard / Mouse

* Heart Rate

* Cycling / Running Sensor

* Glucose Sensor / Collector

* ..and more

Advanced / specialized examples on
github.com/ti-simplelink
» Simple Network Processor
* Log application events to
UART

« Simultaneous Master/Slave
Simple Advanced

81
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Visit dev.tl.com/tirex

o ForEP B IFiZ2/TLaunchpad 7ENBLE
HMBOERE B T R 1]
1. Locate Project Zero in Resource Explorer

2. Optionally download or import to CCS
Cloud editor

3. Build and download to the CC2650
LaunchPad

» Project Zero also used in SimpleLink
Academy

82
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http://dev.ti.com/tirex/#/Device/CC2650?link=CC26xx%20Bluetooth%20Smart%2FDevelopment%20Tools%2FCC2650-LAUNCHXL%2FDocuments%2FCC2650-LAUNCHXL%20Project%20Zero
http://dev.ti.com/tirex/#/Device/CC2650?link=CC26xx%20Bluetooth%20Smart%2FDevelopment%20Tools%2FCC2650-LAUNCHXL%2FDocuments%2FCC2650-LAUNCHXL%20Project%20Zero

Project Zero Detalls
=B IRSS F TR AR ERCODE/ILogs

o ST RS o BIRMHA, ATERE S
« LEDO and LED1 characteristic o TEBYPEMRRE IR

* Writeable, set LED states

2B COMB2 - PuTTY [E=NEE
[ O (Pr 1 In ng e u task, he ] stack and services. |8

o FHEEARSS
« BUTTONO and BUTTON1 chars
 Readable, Notifications

. BRI i

» Long write/read

« Streaming

83
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SimpleLink Academy . -

%) [ SimpleLink Academy v1

« c software-dl.ti.com/|prf/simplelink_acaden spview. htmi#introductior n uu 3 = 0

SimpleLink Academy v1.06
 Available at: SimpleLink Academy link ;
val el | | Introduction

This is an overview file for the SimpleLink Academy workshops. Below you can find links to the individual lab instructions.

o G etS <<an bod )) u to S e e d O n SW The projects and instructions can also be found by opening Resource Explorer inside Code Composer Studio when the
simpleLink Academy installer is finished. You may need to restart CCS to see the new contents.
Some of the dynamic content in the instructions will only function correctly when viewed inside Code Composer Studio’s

development for CC2640/CC2640R2

(8 GemingStaned [0 PojeciZeme |5 blelleConfigh 5 gupgamenerh g Tl Resource Bxprer

Packages Al =] (48] Dewces [aa | Topics [ - g

* Integrated with CCS Desktop via
separate installer

» Continuous roll-out of new labs and
features.

* Richly formatted lab instructions

* Theory of operation

* Interactive quiz

« Learning by doing

* Quick links to further documentation

Snipget from gattservapph

Client Characteristic Configuration

84
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http://software-dl.ti.com/lprf/simplelink_academy/overview.html
http://software-dl.ti.com/lprf/simplelink_academy/overview.html
http://software-dl.ti.com/lprf/simplelink_academy/overview.html

SimpleLink™ Academy A’

TI-RTOS Z:Ai BLE A

* Learn RTOS concepts » Learn how to set up a debug environment
— Task (thread) - Connect to Project Zero
— Semaphore

— Interrupt » Read and write characteristic data

— Execution graphing

Introduction - P R B | Introduction

Execution graph Project Zero
Your first BLE project
Course content Course content implementing a simple BLE
peripheral

85
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http://www.ti.com/simplelink-academy
http://www.ti.com/simplelink-academy
http://www.ti.com/simplelink-academy

SimpleLink Academy®3i)l|

ETFTI-RTOSHIL AN K &/ Bluetooth® Developer Studio (BDS)
« 7ECC2650ffjLaunchPadJ T &tk 7= A= 21 A1) il « Learn how to use Bluetooth SIG's BDS with TI's
(=352 plug-in

» Graphical user interface used to design BLE profiles

Intreduction

Prerequisites Introduction

ted - Prerequisites
Task 0 - Integrate IR generation driver | Getting started
Task 1 - Generate IR signal NMew Projoct
- ‘ New Project
Task
k

ask 2 - Keep transmitting IR signal
2 2 = control pulses Creating a Custom Service
w carrier 38KHz IR signal ledUT) o LUSLD 2EVICE

- IR generation debugging signals

e IR 1%%' Generate Some Code
‘[%%5'5 ljil ’/‘éﬁ’ Compile the Code

Explore the Service over
I_|| EI_I—|II,|IIE|—|_I and FTS dongle BDS ﬁﬁ

PIRIRES
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http://www.ti.com/simplelink-academy
http://www.ti.com/simplelink-academy
http://www.ti.com/simplelink-academy

SimpleLink AcademyikBi

& 55 287~ (Sensor Controller) X 2% kb 7 284 R, (Simple Network Processor)
o 23 FETSCSHISCH K o EUATAEILA MCU T R INWE o ThiaE
o I2CIEAE RIS BB — BLE customer profile managment

— Unified network processor interface
— SAPLIb

| Introduction

Prerequisites

Gefting Started Introduction
Task 1 — Set Up Project in SCS Prerequisi CC2640 wireless MCU
S Set Up Project in SCS for - -CPU e rerequisites
ensor Controller (=) s oo
Pt

Task 2 - Download and Debug with CCS AnlIntroduction Sensor About the Simple Network/Application Processol TI-RTOS

Task 3 - Download and Del Getting Started

r— BLE protocol stack
aopication (] pTE—
& Profiles

Programmable interface for power optimized sensor control available
in CC1350/10, CC2650/40/30, future devices. Task 1 — Run the Demo

Task 4 - Understand and Modify

Trouble Shooting Guide ) Task 2 — Change the Advertised Name
Intro Vldeo aristic to the LED Service CC264O + eXterna| MCU

Task 4 — Add user input to Button Service

Task 3 — Add a New Char

Course content

Appendix/Troubleshooting

Course content
87
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http://www.ti.com/simplelink-academy
http://www.ti.com/simplelink-academy
http://www.ti.com/simplelink-academy

SHAFERREG A

BTool

Run and test all possible Bluetooth low energy functionality
controlled from the PC tool.

BLE Device Monitor

Provides an intuitive and graphical way to explore
Bluetooth low energy Services and Characteristics.

SmartRF™ Protocol Packet Sniffer

Capture Bluetooth low energy communication live with full
overview.

SmartRF™ Flash Programmer

Program devices and Read/write IEEE addresses

{; TEXAS INSTRUMENTS
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Bluetooth low energy >Z ¥

A P A58 AP R0 S 3 S
— Schematic and Layout Review
— Pre-compliance testing in RF Chamber
— Perform Bluetooth pre-testing

o MU ZRANEFE I KSR (www.ti.com/ble-stack)
— Software Developers Guide
— Sample Applications Guide
— Vendor Specific HCI Guide

o TELRSCRY YR (www.ti.com/ble-wiki)
— Code Examples
— Training videos
— Walkthorugh Guides

o TELFI AR FALIX (www.ti.com/ble-forum (F32)
http://www.deyisupport.com/question_answer/wireless_connectivity/bluetooth/f/103.aspx (F3£) )

— Supervised by Tl Software and Hardware Experts

{; TEXAS INSTRUMENTS

e

89


http://www.ti.com/ble-stack
http://www.ti.com/ble-stack
http://www.ti.com/ble-stack
http://www.ti.com/ble-wiki
http://www.ti.com/ble-wiki
http://www.ti.com/ble-wiki
http://www.ti.com/ble-forum
http://www.ti.com/ble-forum
http://www.ti.com/ble-forum
http://www.deyisupport.com/question_answer/wireless_connectivity/bluetooth/f/103.aspx
http://www.deyisupport.com/question_answer/wireless_connectivity/bluetooth/f/103.aspx
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TI E2E Community > Supportforums  Blogs  Groups  Videos

SOLVED] CC2640 Power consumption
[ :| p n n solv I| e:;:.,m 3\'55“ Help us to get you to the right forum.

v Answered Applications/Solutions ~  Power Management
Filter forums by:

32 ] 7 68 K H Z ClOC k O n 0 n e Of _t h e G P | O Of C C264O o e Microcontrollers/Processors ~  Signal Conditioning

Wireless Connectivity ¥ Interface & Logic
v Answered
Kaka
over 1 year ago
Bluetooth* low energy Forum

[CC2640] Confirm the maximum simultaneous connections

number
Dilbert K L ERSRAES » B (SIS (DSP) & ARMO BUbRE
H 1noe - HORRE - C5000™ #B{EINEE DSP
RTOS/CC2640: CC2640 Power Management in Standby e oot
1 month ago _ LR - CB000™EE
Answered ® : - miREE - A (Davinci™)
v Answered Bluetooth® low energy Foru - LeD =5 sl gz:;:—AS I ARMO fHiGhEBSR
- EERE - OMAP-L138 DSP+ARM®
il - HfttDSP & ARM® 7=
. BOEER
= EF ” > ;Eﬁb AR MCU Tt
C C2 640{&52; 1] ni:l:g Hgtu A m“EtRF Be ? " TMSPAS™ 16 FZIE(ENTE MOU " T A
- C2000™ 32{73=AF MCU - IS Bluetooth R
- ETF Stellaris® ARM® - ZigBeeit A
) Cortex™-M3 3 MCU - Wi-FidsA
v WEEERES - ThaC mEmE oLrerg
e A SR e e

cc2640 e EFFHEXIEEINERE

v PSS (B T5
I Z HI G E G LN 7!

TERYTI JEF, R EZEE 4 FFIR TEIERHT T eI 421 !
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IMPORTANT NOTICE FOR TI DESIGN INFORMATION AND RESOURCES

Texas Instruments Incorporated (‘TI”) technical, application or other design advice, services or information, including, but not limited to,
reference designs and materials relating to evaluation modules, (collectively, “Tl Resources”) are intended to assist designers who are
developing applications that incorporate TI products; by downloading, accessing or using any particular TI Resource in any way, you
(individually or, if you are acting on behalf of a company, your company) agree to use it solely for this purpose and subject to the terms of
this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its TI Resources.

You understand and agree that you remain responsible for using your independent analysis, evaluation and judgment in designing your
applications and that you have full and exclusive responsibility to assure the safety of your applications and compliance of your applications
(and of all TI products used in or for your applications) with all applicable regulations, laws and other applicable requirements. You
represent that, with respect to your applications, you have all the necessary expertise to create and implement safeguards that (1)
anticipate dangerous consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that
might cause harm and take appropriate actions. You agree that prior to using or distributing any applications that include TI products, you
will thoroughly test such applications and the functionality of such Tl products as used in such applications. Tl has not conducted any
testing other than that specifically described in the published documentation for a particular TI Resource.

You are authorized to use, copy and modify any individual TI Resource only in connection with the development of applications that include
the Tl product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE TO
ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TlI Resources 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.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING TI RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS.

TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY YOU AGAINST ANY CLAIM, INCLUDING BUT NOT
LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF PRODUCTS EVEN IF
DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL TI BE LIABLE FOR ANY ACTUAL, DIRECT, SPECIAL,
COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN CONNECTION WITH OR
ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER TI HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES.

You agree to fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of your non-
compliance with the terms and provisions of this Notice.

This Notice applies to TI Resources. Additional terms apply to the use and purchase of certain types of materials, Tl products and services.
These include; without limitation, TI's standard terms for semiconductor products http://www.ti.com/sc/docs/stdterms.htm), evaluation
modules, and samples (http://www.ti.com/sc/docs/sampterms.htm).

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2017, Texas Instruments Incorporated
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