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1 Abstract

This document describes the cB-OLP425i-26-A Development Kit and how it is used to develop Bluetooth Low
Energy applications.

The cB-OLP425 is based on the CC2540 Bluetooth Low Energy SoC from Texas Instruments and the tools and
software for the CC2540 is used when developing applications for the cB-OLP425. This document describes
the tools and software required to start development for the cB-OLP425. It also describes the sensors specific
for the cB-OLP425 and the demo application that is used to show its functionality. This document is not an
introduction to Bluetooth Low Energy or the Texas Instruments software development kit. Please read the CC2
540 Bluetooth Low Energy Developers Guide from Texas Instruments to get an overview of the CC2540 and
the development environment.
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3 Related Documents

1. The cB-OLx425 Electrical Mechanical Data Sheet contains important information about the electrical
and mechanical characteristics of the cB-OLP425 hardware.
2. Texas Instruments CC2540 Bluetooth Low Energy Developers Guide (SWRU271B)

4 Development Kit Contents

Qty Name Description

1 cB-OLP425i-26 OEM Low Energy Platform 425 with internal antenna, JST connector, LEDs,
temperature sensor, accelerometer and CR1632 battery holder

1 cB-ACC-71 Debug adapter cable for connecting the cB-OLP425i-26 module to the CC
debugger
1 cB-OLP425 This document

Development Kit
Getting Started

Additional hardware and software required

Please note that besides the cB-OLP425 development kit you will also need additional
hardware and software to get started with your application development. See the section Ge
ttting started with Application Development below for more information.
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5 Getting started with Application Development

To get started with application development for the cB-OLP425 you need tools and software from Texas

Instruments and the IAR Embedded Workbench IDE from IAR Systems. List of tools and software:

Name

CC2540 BLE
Software

CC2540 Mini
Development
Kit

IAR
Embedded
Workbench
for 8051

Description

Software
Development Kit
for the CC2540
including
documentation,
tools and sample
applications.

This kit includes a
debugger, USB
dongle and keyfob
hw for the
CC2540. The
debugger included
in this kit is used
also to debug the
cB-OLP425. The
USB Dongle can
be used to test the
cB-OLP425. The
sample
applications for the
keyfob hw can,
with minor
changes be
executed on the
cB-OLP425. The
kit can be ordered
online from Texas
Instruments.

This IDE from IAR
Systems is used to
build and debug
applications for the
cB-OLP425. The
project files and
sample
applications in the
SDK for the
CC2540 as well as
the demo
application for the
cB-OLP425 are

built using this tool.

Where

http://www.ti.com/blestack

http://www.ti.com/tool/cc2540dk-mini#buy

http://supp.iar.com/Download/SW/?item=EW8051-EVAL
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cB-OLP425 The development http://www.connectblue.com/contact/where-to-buy/where-to-buy/
Development kit for the
Kit cB-OLP425

includes one cB-O

LP425 device and

one cB-ACC-71

debug adapter

cable to connect

the CC Debugger.

cB-OLP425 The zip-archive http://support.connectblue.com/display/PRODBTPLA/cB-OLP425+SDK
Software includes the
Development = source for the
Kit (SDK) demo application
and drivers for the
cB-OLP425
Sensors.

The demo application implements the BLE peripheral role and is a good starting point for an application that is
using the sensors on the cB-OLP425. The CC2540 BLE Software from Texas Instruments contains many
different sample applications that with minor modifications can be run on the cB-OLP425. Typically any
hardware specific functionality must be removed from the sample of interest. Another approach can be to add
the services of interest to the demo application for the cB-OLP425. The demo application only supports the
peripheral role. For an application that shall run the central role please refer to the samples in the CC2540 BLE
Software.

5.1 Installation of cB-OLP425 SDK zip-archive

Extract the cB-OLP425 SDK zip-archive into the installation folder for the Texas Instruments CC2540 BLE
Software Development Kit. The figure below shows the dialog with the default installation folder for the CC2540
SDK. Note that the CC2540 BLE Software shall be installed before the cB-OLP425 SDK is installed.

B

N 1, Extract Compressed (Zipped) Folders

Select a Destination and Extract Files

Files will be extracted to this folder:

C:\Texas Instruments\BLE-CC254x-1.2 Browse...

[¥] Show extracted files when complete

[ Extract ][ Cancel I

Note that the figure shows the path to a specific version of the CC2540/CC2541 BLE Software. For the
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installation of the cB-OLP425 select the path to the latest version installed.

6 cB-OLP425 Hardware

The cB-OLP425 is based on the CC2540 which is a SoC solution from Texas Instruments. It combines a
2.4GHz tranceiver, microcontroller, 256kB of in-system programmable flash memory, 8kB of RAM and
peripherals. In addition to the peripherals integrated in the CC2540 SoC, the cB-OLP425 includes a
temperature sensor and an accelerometer. The details of the cB-OLP425 is described in cB-OLx425 Electrical
Mechanical Data Sheet. An overview is given by the block diagram below.

TMP112

CC2540 Temperature Sensor

LIS3DH

32MHz Accelerometer

32.768kHz LEDs

6.1 JST Connector

The JST connector is used only for power supply and debug. No UART signals are available on the JST
connector.

Using the cB-ACC-71 debug cable

The cB-ACC-71 debug adapter cable included in the Development kit SHALL NOT be
connected to the OLP425 if the OLP425 at the same time is voltage supplied from another
source e.g. a battery. A voltage supply collision will occur which could damage the
electronics/battery because the CC Debugger also includes a voltage supply pin (CC-D pin
9) which is connected to the voltage supply pin on the J8 JST connector (JST pin 2) via the
adapter cable. The CC-D pin 9 (not CC-D pin 2 which is a target voltage sense pin) from the
CC Debugger should be detached in the adapter cable if the OLP425 is voltage supplied
from another source.

In other words, remove the battery when the CC Debugger is connected to the cB-OLP425
using the cB-ACC-71 debug adapter cable.

6.2 cB-OLP425 Sensors

The cB-OLP425 contains an LIS3DH accelerometer from STMicroelectronics and and a TMP112 temperature
sensor from Texas Instruments. Communication with the sensors are implemented using I12C. Drivers for the
sensors are part of the demo application source code. The configuration of the sensors set in the demo
application can be modified to suit a specific application. Useful application notes that describe how to
configure the sensors are available from the sensor manufacturers. The files listed below are included in the
cB-OLP425 zip-archive.

Sensor Description Driver source file
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LIS3DH 3 axis accelerometer from STMicroelectronics cb_lis3dh.c
cb_lis3dh.h

TMP112 Temperature sensor from Texas Instruments cb_tmpll2.c
cb_tmp112.h

7 Development Environment

Application firmware for the cB-OLP425 is developed using the IAR Embedded Workbench for 8051. See the C
C2540 Bluetooth Low Energy Developers Guide for details.

8 Demo Application

At delivery the cB-OLP425 contains a demo application that implements some standard BLE services and
some device specific services to demonstrate the sensors and LEDs. This demo application is based on the
keyfob demo part of the SDK for the CC2540 with changes to suit the cB-OLP425 hardware.

The following services are implemented:

Device Information Service (Part of Tl Keyfob sample)
Battery Service (Part of TlI Keyfob sample)

LED Service (Manufacturer / connectBlue Specific)
Temperature Service (Manufacturer / connectBlue Specific)
Accelerometer Service (Manufacturer / connectBlue Specific)

At start the demo application enters advertising state for 30s. After 30s advertising is stopped and the device
enters sleep mode. The accelerometer is used to wake up the device. If the device is moved the accelerometer
will wake it up and it will enter advertising state for 30s. The accelerometer can also be read using the
accelerometer service.
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8.1 File list
File

cb_demo.c
cb_demo.h

main.c
OSAL init.c
devinfoservice.c

cb_assert_handler.c
cb_assert_handler.h

cb_snv_ids.h

cb_led_service.c
cb_led_service.h

cb_temperature_service.c

cb_temperature_service.h

cb_peripheral.c

cb_led.c
cb_led.h

cb_hw_init.c
cb_hw_init.h

cb_swi2c_master.c
cb_swi2c_master.h

cb_tmpll2.c
cb_tmp112.h

cb_lis3dh.c
cb_lis3dh.h

cb_log.c
cb_log.h

assert.h

Description

Demo application initialization and event handling

System initialization

OSAL initialization

Implementation of device info service for demo application

Application assert handling

Application specific snv ids definition

Implementation of LED service

Implementation of temperature service

Same as peripheral.c but including a fix for automatic parameter update with

iPhone.

Implementation of LED functionality

cB-OLP425 specific HW initialization

[2C implementation

Driver for TMP112 temperature sensor

Driver for LIS3DH accelerometer

Logging functionality

Definition of assert functionality
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8.2 Services

8.2.1 LED Service (Service UUID: OxFFDO)

The LED service is used to control the red and green LEDs of the cB-OLP425.

Characteristic uuID Type Prop Description

Red LED OxFFD1 byte Read 0x00: LED off (default)
Write 0x01: LED on

Green LED OxFFD2 byte Read 0x00: LED off (default)
Write 0x01: LED on

8.2.2 Temperature Service (Service UUID: OxFFEOQ)

The temperature service is used to read the temperature sensor on the cB-OLP425. Notifications or indications
can be enabled.

Characteristic UUID Type Prop Description

Temperature OXFFE1 int8 Read Temperature in Celsius. If enabled indications and
Indication notifications will be sent when the temperature changes.
Notification

8.2.3 Accelerometer Service (Service UUID: OxFFADO)
The accelerometer service is used to monitor the status of the accelerometer on the cB-OLP425.

Characteristic UUID Type Description

Range OxFFA2 byte Read The range of the accelerometer.
20 = 2G (default) This is a read only attribute.

X OxFFA3 int8 Indication Acceleration in X-direction. -2G to 2G. If enable
Notification notifications or indications and will be sent when the
acceleration is changed.

Y OxFFA4 int8 Indication Acceleration in Y-direction. -2G to 2G. If enable
Notification notifications or indications and will be sent when the
acceleration is changed.

Z OxFFA5 int8 Indication Acceleration in Z-direction. -2G to 2G. If enable
Notification notifications or indications and will be sent when the
acceleration is changed
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8.3 Build and Download Application

Connect the CC Debugger to the cB-OLP425 using the cB-ACC-71 debug adapter cable. /i The battery shall
be removed when the CC Debugger is connected with the cB-ACC-71 debug cable. The IAR Embedded
workbench file Demo.eww contains the workspace for the demo application. The figure below shows IAR
Embedded Workbench in debug mode.

& 1AR Embedded Workbench [DE

Eile Edit View Project Debug TexasInstruments Emulator Tools Window Help
=g =N =] | | flowon AR E P OB S ek
— W i i e
S22 LEZZ(X Make Restart Debugger .
Warkspace x b dema.c [REEEE - x Watch % bly x
IcB—USEU - - —1 | Expression = Gota
e B s + @return none credits CharConfig main -
Files & il H creditsCharConf imi
i s . 7 OOGE4A
B (FDemo - cB-0950 v " I—E"‘_[ ]cnnnHandle HAL EQ,
FEOARP 1 int main(veid) | b walue ggggjg
ch_assert . 1 Lam E ODEES1
— [ ch_assert_. J+ Initialize hardvare #/ L connHandle HAL BO,
b + BB 3 00BEE3
1 ch_buffer.c HAL BOARD INIT(): L value HAL EO,
h 0_buffer.h | naliy J0AEEL
_demo.c - // Initialize board I/0 E O08BSE
— B cb_demoh InitBoard( OB_COLD ); ::enmngafnn;z(innﬁq HAL EQ,
o opeetg
— [ ch_smv_ids = -
— ¥ devinfo.c /% PCB specific initialization *+/ EllgD[UC]harCanlg Dgéésgo' l
3 CcbHW_init(); O0BESA
Bmane x | | connHendle 008BSC
rD [+ Tpitizles the HAT Aviuew £/ T L vale nnaRch
emo IR « e o <« [ » « 3

Log

Wed Mar 21 14:00:05 2012: No wverification errors found during download

Wed Mar 21 14:00:05 2012: Download completed and verification successful

Wed Mar 21 14:00:05 2012: Loaded debugee: FASYMNBluetooth\SWAdevelopmenticB-TL1Yaranches\BLE-CC25 41,2 FrojectsibletDemoCC2540DE \cB-0950
Wed Mar 21 14:00:05 2012: Targetreset

bug Log

o i ’

& Debug Log | Build | Find in Files x
T\ﬁ-aketha a:tl-\.r.a project, download the application and restart the debugger Ln 60, Coll NUM ]
= = =

9 Getting started with the Demo Application

The cB-OLP425 is at delivery loaded with a demo application. The application starts when the battery is
inserted into the battery holder of the cB-OLP425. If no battery is available you can use the debugger to power
the device using the cB-ACC-71 debug adapter cable. The red LED will flash three times when the application
starts. The application wakes up and enters advertising state when the accelerometer on the cB-OLP425
detects a movement. When in advertising state the device be can found using scan and it accepts connections
from other Bluetooth Low Energy Devices.

The CC2540DK Dongle and the BTool application part of the Texas Instruments mini development kit can be
used to scan for and connect to the cB-OLP425 and to toggle the green LED of the cB-OLP425. To do this
follow the steps below:

1. Insert the battery into the battery holder of the cB-OLP425. The red LED will flash three times when the
application starts.

2. Scan for the cB-OLP425 using the BTool application. The demo application will enter advertising state for
30s every time the accelerometer detects a movements. Use the Scan button to start the scan.

3. Connect to the cB-OLP425 using the BTool. During the scan the device is found and the slave address field
in the BTool is updated automatically. Use the Establish button to initiate the connection. Note that the address
in the Slave BDA field will be unique for your specific device.
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.
3 BTool - Blu icati = W
Device
=-CoM15 3
G- Port Info 8 coms =
- Device ifo AddrType 500 Fublic) + [ Discover / Connect | Read / Wte | Painng / Bonding | Adv Commands|
i BDAddr: 3C:20:87:85:6] [ | Addr B7.84
Rssi L1 (153) Discovery
Dot ol A Active Scan Mode: [[2<03 (AI) -
Dump (P — ) i
04 FF 10 0D 06 DD D0 00 2C E7 84 B7 20 3G C1 03 W Witoiw || Devioas Eeund 11
7] - <P - 0312:44.360
R = o
Il [ EventCods P (HCI_LE_BétEvert) e e W Gt
M -Data Length (17 (23) bytesis) in Connection Interval (6-3200) % (100.00ms)
Evsnt 060D {ZAP_Dsvics|mfomation) : =
; Qs 00 (Succesd) Max Connection Interval (6-3200): 80 4 (100.00ms)
EventType 04 (Sean Resparss) =
[ AddrType 00 {Public) Slave Latency (433): 0 [
Add 2087720 .
| el 21 (199) Supenvision Tmeout (103200 (2000 2] (20000ms)
DataLength A (10) B
Dump{Feq)
04 FF 17 0D 06 D0 04 00 2C E7 84 B7 2D 3CC10A
090954403120 45373243 Lk Cortrad
Estabiish Link
7 e meg R —
o 304 (Evert) rType: | 0x0D (Public) [T White!
| EventCode OFF (HCI_LE_ExtEvert) W e
sy e b Siave BDA: 3C2DET-BETZC %
Event (0601 (GAP_DaviosDiscoveryDone)
HumDevs 01 (1) 3. Setup a connection - o Eaned)
Devics #0
EvsntTyps (2400 (Connectats Undirsct Advertissmert)
AddrType 300 (Public) Teminate Link
Ad AC2DBFBAETAC
o T
04 FF 0C 01 06 0007 00 DD 2C E7 84 B7 20 3C El
‘ it v | 3
< m » o
u — ——— —

4. Now a connection is established but the characteristic value handle for the green LED is needed for the write
operation.

4a. Switch to the Read/Write tab.

4b. For the Characteristic Read operation, enter the characteristic UUID for the green led (OxFFD2) in the
Characteristic UUID field and press the Read button. Note that the characteristic UUID is written as D2:FF.
The response contains the characteristic value handle.

4c. For the Characteristic Write operation, enter the characteristic value handle.

4d. In the value field, enter 1 to enable the green LED. Enter value 0 to disable it.

r N
# BToo! - Blustooth Low Energy PC Application - v1.20c =N
Device
- COM7 &
Port Info i B
- Device Info ConnHandie <0000 (0) " - ower / Conpect | Read / Wite | Paiing / Bonding | Adv.Commands
- BDAddr: CO:FF-EECO:FF-EE Pdulen 000 (0) a. Switch to Read
Dump (R Characteristic Read
- Connection Info.
B nesn oy 04 FF 06 13 05 00 00 00 00
Handie: 60000 Sub-Procedure Cornestion Handle
~ Addr Type: 00D (Public) T [Read Using Characteristic UUID »] 00000
B ] | R b1 (Commend) Charadieristic Value Handle Start Handie
| Opcode [xFD92 (GATT_WrteCharVaiue) <0030 00001
Pledrai ] KBB&?R“"‘” Charsdteristic ULID End Handle
Handle 003D (61) b. Enter characteristic UUID -> D2FF OcFFFF
Value 0
Dump(Tx):
D192 FD 05 00 00 3D 00 00 . =
Vae O ASCII ©) Decimal @ Hex
o0
[26]: <Rec> - 09:01:07424
Type <04 (Evert) Status
| EvertCode GefF (HCI_LE_BxtEvent) P = L
| Dats Length <06 (5) bytes(s) e
Evert 08 7F (GAP_HCI_ExtentionCommandtatus)
Status <00 (Success)
OpCode [FD92 (GATT_WriteCharValue) =
DataLength 00 (0) Characteristic Wite
e Characteristic Value Handle Connection Handie
c. Enter the value handle -> oo 0000
[37): <Recs - 09:01:07 517
Type 604 (Evert)
| EvertCode xFF (HCI_LE_BxtEvert) Vae  © ASCIl ©) Decimal © Hex
|-Data Length [0 (6) bytes(s)
Event 0513 (ATT_WriteRsp) d. Set the vyalue -> o
Status [be0D (Success) i
ConnHandie <0000 (3) Wiite
Pdulen 00 (D) Sucesss
Dump (R —
04 FF 06 13 05,00 0000 00 ‘,
af . 3
L

10 Debug adapter cable

The CC-Debugger shall be connected to the JST connector using the cB-ACC-71 debug adapter cable
included in the cB-OLP425 Development Kit.
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Using the cB-ACC-71 debug cable

The cB-ACC-71 debug adapter cable included in the Development kit SHALL NOT be
connected to the OLP425 if the OLP425 at the same time is voltage supplied from another
source e.g. a battery. A voltage supply collision will occur which could damage the
electronics/battery because the CC Debugger also includes a voltage supply pin (CC-D pin
9) which is connected to the voltage supply pin on the J8 JST connector (JST pin 2) via the
adapter cable. The CC-D pin 9 (not CC-D pin 2 which is a target voltage sense pin) from the
CC Debugger should be detached in the adapter cable if the OLP425 is voltage supplied
from another source.

In other words, remove the battery when the CC Debugger is connected to the cB-OLP425
with the cB-ACC-71 debug adapter cable.

The table below describes how to assemble a debug adapter cable for the cB-OLP425.

Signal Pin on JST Pin on CC Debugger 2x5 2.54mm connector
GND 1 1

V supply 2 2and9

Debug CIlk (DC) 3 3

Debug Data (DD) 4 4

Reset-n 5 7

Port 0-0 6 NC

11 Support

For questions regarding the cB-OLP425 please contact support@connectblue.com. Note that the support will
only handle issues with the cB-OLP425 HW or the functionality specific for the cB-OLP425. General questions
on Bluetooth Low Energy or the hardware or software parts provided by Texas Instruments will not be handled.
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12 Customer Specific Firmware

On request the cB-OLP425 can be programmed with a customer specific firmware. If this is of interest please
contact your sales representative.
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