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Copyright Information and Usage Notice

This information disclosed herein is the exclusive property of Dynastream Innovations Inc. No part of this publication may
be reproduced or transmitted in any form or by any means including electronic storage, reproduction, execution or
transmission without the prior written consent of Dynastream Innovations Inc. The recipient of this document by its
retention and use agrees to respect the copyright of the information contained herein.

The information contained in this document is subject to change without notice and should not be construed as a
commitment by Dynastream Innovations Inc. unless such commitment is expressly given in a covering document.

The Dynastream Innovations Inc. ANT Products described by the information in this document are not designed, intended,
or authorized for use as components in systems intended for surgical implant into the body, or other applications intended
to support or sustain life, or for any other application in which the failure of the Dynastream product could create a situation
where personal injury or death may occur. If you use the Products for such unintended and unauthorized applications, you
do so at your own risk and you shall indemnify and hold Dynastream and its officers, employees, subsidiaries, affiliates, and
distributors harmless against all claims, costs, damages, and expenses, and reasonable attorney fees arising out of, directly
or indirectly, any claim of personal injury or death associated with such unintended or unauthorized use, even if such claim
alleges that Dynastream was negligent regarding the design or manufacture of the Product.

Restricted Use of Development Kits

Development Kits are intended for use solely by design engineers for the purpose of evaluating the feasibility of ultra low-
power wireless data communications applications. The user’s evaluation must be limited to use of an assembled
Development Kit within a laboratory setting which provides for adequate shielding of RF emission which might be caused by
operation of the Development Kit following assembly. The assembled Development Kit must not be operated in a residential
area or any area where radio devices might be subject to harmful electrical interference. Hardware contained in the
Development Kit may not be certified for use by the FCC in accordance with Part 15, or to other known standards of
operation governing radio emissions. Distribution and sale of this Development Kit is intended solely for use in future
development of devices which may be subject to FCC regulation, or other authorities governing radio emission. This
Development Kit may not be resold by users for any purpose. Operation of the Development Kit in the development of
future devices is deemed within the discretion of the user and the user shall have all responsibility for any compliance with
any FCC regulation or other authority governing radio emission of such development or use. All products developed by the
user must be approved by the FCC or other authority governing radio emission prior to marketing or sale of such products
and user bears all responsibility for obtaining the authority’s prior approval, or approval as needed from any other authority
governing radio emission. If user has obtained the Development Kit for any purpose not identified above, user should return
the Development Kit to Dynastream Innovations Inc. immediately. The Development Kit is an experimental device, and
Dynastream makes no representation with respect to the adequacy of the Development Kit in developing ultra low-power
wireless data communications applications or systems. The Development Kit and products based on the technology in the
Development Kit operate on shared radio channels. Any Products using ANT technology must be designed so that a loss of
communications due to radio interference or otherwise will not endanger either people or property, and will not cause the
loss of valuable data. Dynastream assumes no liability for the performance of products which are designed or created using
the Development Kit.

Reference Design Disclaimer

The references designs and codes provided with the development kit may be used with ANT devices only and remain the
copyrighted property of Dynastream Innovations Inc. The reference designs and codes are being provided on an "as-is"
basis and as an accommodation, and therefore all warranties, representations, or guarantees of any kind (whether express,
implied or statutory) including, without limitation, warranties of merchantability, non-infringement, or fitness for a particular
purpose, are specifically disclaimed.

©2015 Dynastream Innovations Inc. All Rights Reserved.
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About the User Manual

e  This user manual is to facilitate the evaluation and prototyping of solutions based on the N5 Starter Kit

e  This user manual is for design engineers who are using the N5 Starter Kit to evaluate ANT as a wireless sensor
network solution and develop applications based on ANT. The development kit is not intended as an end product
or for use by individuals who do not have a professional background in data communications. Refer to the
Copyright Information and Usage Notice page for detailed information and usage restrictions.

\ ) dynastream.com thisisant.com

DYNASTREAM®
NNOVAT N'S



Page 4 of 64 N5 Starter Kit User Manual, Rev 3.0

Revision History

Revision Effective Date Description
1.0 March 2014 First Release
1.1 March 28/2014 Updated Links
Added Restricted Use of Development Kits and Reference Design Disclaimer
1.2 June 2014 .
notices.
Removed EEPROM board description.
1.3 July 2014 Updated USB interface board driver installation.

Updated N5 Starter Kit SDK description.

Added documents to related documents section
Added section on loading SoftDevice onto Module.
Added section on basic Keil usage for building reference code.
Added section on terminology to describe sets of development kit components.
Added usage of I0 Tx demo together with Rx demo.
2.0 November 2014 Added description and usage of the following demos:
e  ANT Background Scanning Demo
. ANT Relay Demo
e  ANT Auto Shared Channel Demo
e ANT DFU/Bootloader Demo
e ANT Debug
Updated the installation process
Added description and usage of the following demos:
. ANT Scalable Channel Demo
. ANT Scalable Encrypted Demo

3.0 July 2015
. ANT Scan and Forward Demo
. ANT Asynchronous Controller using Continuous Scanning Mode
Added section on converting Nordic examples to run on the N5 Starter Kit
Added section on updating from N5 Starter Kit SDK version 2 to version 3
C.) dynastream.com thisisant.com

DYNASTREAM®
NNO ( S



N5 Starter Kit User Manual, Rev 3.0 Page 5 of 64

Table of Contents

1 Overview 9
1.1 NS MOUIES .ttt 9

B = L =) VA 2o T 1 o PR 10

BRI O I8 a1 < g = (oY 2o Y= o [ 10

B U T gL =Tl =TT o PP 12

1.5  Segger J-Link Lit@ PrOGramMMEN .........ooiicueeeieaeeeiaiieeeeeee s e s semeeeeeeesssasnneeeeeessssnnneeeeeassessnnnnneeesssessnnnsnneeessasnnn 12

1.6 TeChniCal RESOUICES ...uuiiiiuiiiiiiriii ittt e e s e e e s s e e s s b e e s s eane 13

1.6.1 DOCUMENTALION 1iiiiiiiiiiirii i 13

1.6.2 SUP PO ittt 13

2 Software Setup Procedure 14
2.1 Installing the SOftWAre TOOIS.......ivuuiriiiiiii i s sar e 16

2.2 ANT USB Driver INStallation .........cocceiiiiiiiiiiiiiiii i s s 17

B0 B (411 = A =T = N 19

2.4 Install Keil MDK Arm DEVEIOPEL Kit......ueeeiiiiieiirrereieissssiereeeiesssssssrereeessssssssrssesessssssssssnseesssssssssssnsesssssssnnnnnes 19

2.5 Install SEGGER JLink Programmer Software
2.6  Install Nordic nRF51 SDK

2.7 INStall NRFGO SEUAIO cieieieiiiiiiieiciiccces et e e e e s e e e e e s e e e e e s e e e e e s e re s e e e s e s e e e s e e e s e e e eeeereeenaeenees
2.8 INStall N5 SEArter Kit SDK......ccieiiiiiiiereieeeesisierereeesssssssrereeessssssnrseeeeessssssssneeeessssssnsnnneesssssnnnsnnnnesesssnnnnnnens 21
3 Programming the SoftDevice 22
Loading the Reference Code 24
Reference Designs Overview 25
700 A\ (O 1 = o o 26
5.1.1 Usage of the preloaded IO Tx Demo and Network Processor programs on the N5 module............... 26
5.1.2 Usage of the IO TX and RX DEIMOS ......uuuuuurururnrurnrnrsrsrssssssssssssssssssssssssssssssssssssssssssssssssssssssssnsssnsnsnne 28
5.2 ANT MeSSAGE TYPES DEIMO....cciiieieieieie e ie et ie et s s s e s s s e e s e s s s e s e s e s e s e s e s e s e s e s e s e s e s e s e e e aese s e seeeseseseaeaeseneanansnnnnnas 29
5.2.1 151 T = 29
5.3 ANT Background SCanNing DEMO ......iveeeiiiuriiiiiiriis it ssre s s r s b e sann s s snne e 30
5.3.1 OPEIALION .o 30
5.3.2 LT N 31
L A 2 = o T PPN 34
54.1 L0 07 =1 o] o N 34
5.4.2 LT N 36
5.5  ANT Auto Shared Channel Demo
5.5.1 L L7 N

5.6  ANT Bootloader/DFU Demo

5.6.1 Memory Layout

5.6.2 Transport Mechanism: ANT-FS.....cociiiiiiiiiiiiieieieie e e e e e e e e e e e e e e e e s e e e e eaerenees 42
5.6.3 Device IdentifiCation.......ueiiiireeriiiiie i e 43
\ - ) dynastream.com thisisant.com

DYNASTREAM®
NNOVATIONS



Page 6 of 64 N5 Starter Kit User Manual, Rev 3.0

5.6.4 AULheNtiCatioN.....uiviiiii 43
5.6.5 Over the Air Update INformation File.........ceeeiiiiiiiiiniiieii i 43
5.6.6 Passing information between Application and Bootloader ............cccvevieiiiiiiiiinieeee e 43
5.6.7 LT N 44
T2 -\l B 7= o T8 T I .= o o T PSP 48
5.7.1 LT o N 48
5.8 ANT Scalable Channel DEMO ......ccuieiiiiiiiiiiiii i 50
5.8.1 Usage with two N5 development Doards..........cc.eeeeeeeiriiiieeiiee e e e 51
5.8.2 USage With ANTWAIEIL.........eeeeeieieieiieirie e e e e e ere e e e e s s sernr e e e e e s ssssmr e e e e e e s sasmnnneeeeessannnnnneeeesssssnnnes 51
5.9  ANT Scalable Encrypted Channel DeMO ....ccciviiiiiiiiiiii s 52
5.9.1 Usage with two N5 development Boards...........uuererermimiuimimimisii i ——————————————— 53
5.9.2 Usage With ANTWAIEIL.......ciiueeiiiiiin i s r s rr e 53
5.10 ANT Scan and FOrward DEMO......cuueiiiiiieiiiiiis s s e r s ar s s e e s s r e s nnn 56
5.10.1 LT o N 56
5.11 ANT Asynchronous Controller using Continuous Scanning Mode DemO ......ccoevveiiiiiiiiiiininis e 57
5.11.1 Usage with Scan and FOrward DEMO .........ovueeviiiiiniiiii i e 57
5.11.2 Usage With ANTWAIEIL.......ciiueeiiiiiin i e s r e rr e 58
Changes when switching from N5 Starter Kit SDK 2.0 to 3.0 60
6.1  Migrating projects from N5 Starter Kit SDK 2.0 t0 3.0..ccciiiiiiiiiiiiiiiiiiiiicicicieie e e rererersrsrs s s ss s eseesessesessssees 60
6.2  Updating the Network Processor on the N5 module..........occeeviiiiiiiii i s 60
Running Nordic examples on the N5 Starter Kit 61
7.1  Considerations when converting Nordic example to run on the N5 Starter Kit.......ccccccvvieiiieieiiiiieieieieeeeeeeeenens 61
7.2 Updating the Nordic blinky example to run on the N5 Starter Kit: ........coviviiiiiiiiiiiieeeeeceeeerereeerer e 62
Appendix 1 — A Note from Segger 64

DYNASTREAM®
NNOV ONS

dynastream.com thisisant.com



N5 Starter Kit User Manual, Rev 3.0 Page 7 of 64

List of Figures

FIGUIE 1-1. NSA8MBCB ....eeviiiiiiieriierirererererererererererererererererererererererere et rererererererererererereretererererererererenen 9
Figure 1-2. Battery BOArd .....cciuiiiiiiiiiiiiiiiiiiiiieiesireserereressseresereresesesssereseresesesssesesesssesersresesesesesenenererenenenenens 10
Figure 1-3. I/O INerface BO@IA.........cceeiierieiinreieeeaeeesenreeeeeessssssrereeeesssssssnneeeessesasnnneeeeessssannnnneeesssannnnnnes 10
Figure 1-4. USB INterface BOAId ........cccuieiiiiiiriieieeeeeinreeeee e s ssssmrer e e e e s s s s ssrnne e e e s s e ssmnnnneeeesesssnnnnnneeeesssnsnnnnes 12
Figure 1-5. Connecting the Segger Cable........uuuiiiiiiiiiiiiiiiiieiiirerersrer e e rererersssnenenens 12
Figure 3-1. N5 Module stacked on IO and Battery BOards. ........ccveieieieieieiiieieieieieieieieiereieiererersrenereneneneneee 22
Figure 3-2. Stacked N5 Module with Segger JLink Programmer Ribbon Cable....

Figure 5-1. N5 Development BOAId ...........oocceriimieiiieiiieeee e e e ssreee e e e s s s s sseee e e e s s s s snnnne e e e s s s s snnnneeeesssensnnnnes
FIGUre 5-2. ANT USB SHICK +revrvririiiiiiiiiiiiiiiiiieieresererererereseseresereresesssesesssesesesesesessssssseseresesereseseserenerererererenens 25
Figure 5-3. IO Demo Topology using @an ANT USB SHCK........cuiviiieieieieieiereieieieieieierererererersrsserereresseeseeeeeeeee 26
Figure 5-4. 10 Demo Topology using two N5 development boards...........cccueeeeeiieiiciieiieee s 26
Figure 5-5. Message Types DemO TOPOIOGY ....uuuerieirierirurereiersissanrrreressssssssrnneeesssssssssssneesesssssssnsssesesssssssnnees 29
Figure 5-6. Background Scanning Demo Topology With 2 NOGES........cceieieieieiiieiiieieieieieieieierererererereresesesenens 30
Figure 5-7. Background Scanning Demo With ANTWAIE .......civiiiiieiiieieieieierererererererererererersrererererersrerseeeeeeee 30
Figure 5-8. ANT Relay DemO TOPOIOGY ....eeiecuereeeieisiasinrereiessssssnrnreeeessssssssneeeessssssssssneesesssssssnnsnssesssansnnnnes 34
Figure 5-9. Auto Shared Channel Demo TOPOIOGY .....uveviirrieiiniiisiirir e e e 38
Figure 5-10. MemOKY LAYOUL....ciiiiiiiiiiiiiiiiiiiiieieierererereserererer e ererererererereserererererere s s s e rere s e s e s e s e s e s e s e nesessennnsnnnes 41
Figure 5-11. ANT Bootloader/DFU TOPOIOGY ..ceerererererererererererererererererererererererererememerererereremerereemeremeee. 42
Figure 5-12. ANT Debug DemoO TOPOIOGY ...eeeriiuriiiinireiiiiiiessiisisssises s e s sn s e s snne e 48
Figure 5-13. ANT Scalable Demo Topology using two N5 development boards .........cccveeveiiirciieneeneen s 50
Figure 5-14. ANT Scalable Demo Topology using an ANT USB SHCK .......cevieieieieieieieieieieieieiereiereresereeeeeserenens 50
Figure 5-15. ANT Scalable Encrypted Demo Topology using two N5 development boards ..........ccvevveeieeerennns 52
Figure 5-16. ANT Scalable Encrypted Demo Topology using an ANT USB SHCK .........ccvveeeeieiriinnneeeees e 52
Figure 5-17. ANT Scan and Forward Demo TOPOIOGY .......uevvriiiiiiniriiniiiies i 56
Figure 5-18. ANT Asynchronous Controller Demo Topology using N5 development boards ........cccccevevevevennns 57

@ dynastream.com thisisant.com

DYNASTREAM®
NNOVATIONS



Page 8 of 64 N5 Starter Kit User Manual, Rev 3.0

List of Tables

Table 1-1. N5 Starter Kit CONtents ... 9
Table 1-2. Battery Board DeSCIIPLION ........cicureeeieeeeeseieeeeee e e s s eenerr e e e e s s s s smree e e e e s s e s snnnne e e e e s e s s snnnneeeeesessnsnnnnes 10
Table 1-3. I/O Interface Board DESCHPLION .....ueeieeiieiieieeeieieeeieeerre e e e e e e s sssrre e e e e s e e s srnee e e e e s e s s snnne e e e e e e seennnnes 11
Table 1-4. N5 Starter Kit Boards Stack Pin-0ULS ........ccccviiiiiiiiiii i, 1
Table 1-5. USB Interface Board DEeSCIIPLION ....uueieiiiiiiirrieeieisssiiirreee e s s ssssrre e e e e s s e s ssrrn e e e s s s s s ssnnnr e e e e s s ssnnnnnes 12
Table 1-6. Related DOCUMENTS .....ciiiiiiiiiiiiii s e e 13
Table 2-1. ANT Software COMPONENES.........uueeeieeeieiaerrreeeeeeeseesnrrreee e e s s ssnrereeeessessnsnneeeeesessansnneeesesssaasnnnnes 14
Table 2-2. Third-Party Software COMPONENES .....ciiiiiiirrriieiiieiiiirreee e s ssssr e e s e e s s s s ssbnrr e e e e s s sssnnnnes 14
Table 2-3. Nordic Semiconductor Software COMPONENTS .....cccivieieieiiieiiieieieieieierere e rerersreeen 15
Table 2-4. N5 Starter Kit SOftware COMPONENES......ciccuvreiieieee e rr e e s s sssnrrrere e s s s sssrrre e e e e e s s s snnnreeeesssssnnnnnes 16
Table 2-5. INStallation Order........cui i
Table 5-1. IO Demo Channel ID

Table 5-2. I0 Demo LED Control Message FOrMAL .......cciviviiieieiiiiiiieieieieisieieisiesssesesssssesssssesssssssssesssssssssenens 27
Table 5-3. Message Types Demo Channel ID.........ooicveeeieiiiniierieere s e sssrre e e e e s s s sssrrnr e e e s s s s nnnee e e e s s sssnnnnes 29
Table 5-4. Background Scanning Demo Channel Parameters ..........ccceiiiininiiinii e 31
Table 5-5. Message Format for Default Master MeSSage........civiviviiiiiiiiiiiiiiiiicicieieceieie e eeeees 31
Table 5-6. Relay Demo Channel Parameters .........civiiiiiiiiiiiiiiiiicicieieieieisisis e er s s s s e s s s e s s e s s esssenenens 34
Table 5-7. Relay Status MESSAgE. ... ..uuiviiiiiiiiiiris i 35
Table 5-8. Mobile Channel Status MESSAGE .......uuvviiirieiiiiiie i e e 35
Table 5-9. Mobile Channel CoOmMmMAaNA Page.........civiviiiiiiieiiieieieieieieieieseiererere e e e e e ererererererererseeserererererenens 35
Table 5-10. Function of Button and LEDS in Relay DEMO .......ccciviiieieieieieieieieieieieiererererereseseseresssssesssesesesenees 36
Table 5-11. Function of Button and LEDs on Auto Shared Master ...........cccoveviiiiiniinninnssies e 38
Table 5-12. Function of Button and LEDs on Auto Shared SIave ..........cccoviiiiiniiieni e 39
Table 5-13. Memory ranges for S210/S310 SOftDEVICES ....cvvivieieieieiiieiiieieieieieiereeerere e e e e e erererere e rerereeees 41
Table 5-14. ANT Bootloader/DFU default channel parameters ........ccivivieieieiiiiiiieieieieieceeeeeee e 42
Table 5-15. Parameter flags.......ccuviiiiiiiiiii i 44
Table 5-16. OTA Tester Channel Parameters ..........ccevviiiiiniiiii i s 46
Table 5-17. Debug Demo Channel Parameers......ciuiviiiiieieieieieieieieieieieieiesesereserererererererererereressseseseseressnenens 48
Table 5-18. Scalable Demo Channel ID ...

Table 5-19. Scalable Encrypted Demo Channel ID

Table 5-20. Function of Scan and Forward Buttons

Table 5-21. Function of LEDS 0N CONEIOIET ......ccoeiiiiiiieeeeee e e e e e e e e s e e e e e e e s e 57
Table 5-22. Function of Asynchronous Controller BUEONS.............eereiiiiiriiiiieeee e eeeeeeee e 58
Table 5-23. Asynchronous Controller Demo Channel Parameters ..........ueecurreeieeiiesiiirereessesssssnneeesesssssssnnnes 58

\ - ) dynastream.com thisisant.com

DYNASTREAM®
NNOV ONS



N5 Starter Kit User Manual, Rev 3.0 Page 9 of 64

1 Overview
The N5 Starter Kit is the development kit for the N5 ANT SoC module series, a turnkey, ultra low power wireless module
based on the Nordic Semiconductor nRF51422 System on Chip solution.

This development kit includes a comprehensive set of hardware components and provides access to software tools to allow
users to evaluate, design and prototype using the ANT Wireless Protocol. Table 1-1 below lists the hardware components
included in the N5 Starter Kit.

Table 1-1. N5 Starter Kit Contents

Quantity Part
2 N5 Modules
1 1/0 Board
1 Battery Board
1 USB Interface Board
1 Segger J-link Programmer

1.1 N5 Modules

The N5 module series uses Nordic Semiconductor’s nRF51422, the industry’s first System on Chip (SoC) solution that
supports both ANT and Bluetooth low energy depending on the loaded protocol stack with advantages in power, size, cost,
speed and security built directly into the protocol layer. The nRF51422 integrates a 32-bit ARM® Cortex™ M0 CPU with
256KB flash, 16KB RAM, and analog and digital peripherals. Benefits will reach consumers in the form of new products with
even longer battery life, expanded functionality and security, further simplified operation and overall value.

The N5 modules included in the N5 Starter Kit are the N548M5CB, which is a N548M8CB soldered onto 20mm x 20mm
carrier boards. The N548M5CB includes an antenna, onboard 32k and 16M crystal clock, DC-DC converter and 13 GPIOs
with 6 analogue inputs.

Figure 1-1. N548M5CB

When ordered separately, the N548M5CB modules are pre-programmed with the S210 SoftDevice and reference ANT
network processor application code in order to function as a generic ANT RF module when connected to an application
controller. Both pre-programmed images can be easily replaced via the onboard SWD interface pins using off-the-shelf ARM
programmers.
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DYNASTREAM®
INNOV ONS



Page 10 of 64 N5 Starter Kit User Manual, Rev 3.0

1.2 Battery Board
Table 1-2 describes each of the numbered components shown on the battery board in Figure 1-2.

S92 5 5000000

Figure 1-2. Battery Board

Table 1-2. Battery Board Description

Number Component Description
1 Module Socket Used for plugging in an ANT module or an I/O interface board
2 Battery Slot Used to power the demo mode setup (fits a 2032 coin cell)
3 Dipswitches Used to select the state of the module’s 5 configuration lines.

Silkscreen instructions showing Dipswitch pin-out, Default Baud

4 Dipswitch Instructions
P Rate configuration, and Baud Rate table
5 Reset Button Resets the module
0.1" module interface header. See Table 1-4 below for the pin-out
6 Interface Header

of this 20-pin header (not provided on board).

1.3 I/0 Interface Board
Table 1-3 describes each of the numbered components shown on the battery board in Figure 1-3.

ANT 10Board RevS =
ARG D

0

. o woatiiine s One 8

"o T R O
v thisisant.com ¢
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Figure 1-3. I/0 Interface Board
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Table 1-3. I/0 Interface Board Description

Number Component Description
1 Module Socket Used for plugging in an ANT module
2 Connector Used to plug onto the battery board

Used as inputs to 4 of the module’s IO pins. See Table 1-4 below.
3 Buttons When a button is released its IO line is pulled up with 1MQ resistor.
When a button is pressed its IO line is grounded.

Used as outputs of 4 of the module’s IO pins. See Table 1-4 below.

4 LEDs An LED turns ON when its line is low and OFF when its line is high.
Table 1-4. N5 Starter Kit Boards Stack Pin-outs
Molex nRF51 Battery Board Battery Board I0 Board USB Interface
Pin # Pins Interface Input Components Board Header
Header Pin #
1 Vcc 1 1
2 P005 5 Switch 1 5
3 P012 3,11 Button C 3
4 P0O15 4,15 LED C 4
5 P006 18 Switch3
6 SWDCLK 7 7
7 P024 19 Switch 4
8 P003 14 LED B
9 P009 20 Switch 5
10 RST/SWDIO 6 Reset Button 6
11 P000 17 Switch 2
12 P008 13 LED A
13 P030 16 LED D
14 PO11 12 Button D
15 P002 10 Button B 10
16 P021 N/C
17 P023 9 Button A 9
18 P001 N/C
19 GND 2,8 2,8
20 P004 N/C
@ dynastream.com thisisant.com
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1.4 USB Interface Board

? USBANTDevBoard] ¢

Revi
D0 eatreem 2006
wul, thasisant, com

Figure 1-4. USB Interface Board

Table 1-5 describes each of the numbered components shown on the battery board in Figure 1-4.

Table 1-5. USB Interface Board Description

Number Component Description

1 Module Socket Used for plugging in an ANT module

0.1" module interface header. See Table 1-4 for the pin-out of this

2 Interface Heade
! ' 10-pin header (not provided on board).

1.5 Segger J-Link Lite Programmer

The Segger J-Link Lite Cortex M (cable and board) provided is used to connect the ANT module to a PC for programming as
shown in Figure 1-5.

wuu thisisant.com =
(©0unastrean 2006

SR

Figure 1-5. Connecting the Segger Cable

NOTE: More advanced J-Link programmers are available from Segger. Refer to section 8 for details.
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1.6 Technical Resources

1.6.1 Documentation

Page 13 of 64

To learn more about ANT, the following documents are available on www.thisisant.com. To access some of these
documents it may be necessary to create an account.

Document

N5 Module Datasheet

ANT Message Protocol and Usage
Document

ANT AN RSSI Extended Information

ANT AN ANT Channel Search and
Background Scanning Channel

ANT AN Over the Air Firmware
Updates using ANT-FS

ANT AN Auto Shared Channel
Master Example

ANT-FS Technical Specification

ANTware II User Manual
ObservANT User Manual

1.6.2 Support

Table 1-6. Related Documents

Description

The technical specification of the N5 Module Series.

Describes the ANT protocol and software interface.

Describes how to enable and decode RSSI information on ANT devices.

Describes the operation and usage of a background scanning channel.

Describes a transport mechanism based on ANT-FS to transfer software images
to an embedded device.

Describes a mechanism for assigning shared addresses to nodes connecting to a
shared channel.

Describes the ANT-FS (ANT File Share) mechanism for transferring files
wirelessly between devices.

Describes of the usage of the PC utility ANTware II.
Describes the usage of the PC utility ObservANT.

Technical support for the ANT wireless protocol is available via Tech FAQs and the ANT Developer Forum:

http://www.thisisant.com/developer/resources/tech-fag/

http://www.thisisant.com/forum/

Technical support for the hardware implementation (including radio performance) of ANT chips is provided by the relevant
semiconductor supplier and their regional distributors. For nRF51422-specific help, please contact Nordic Semiconductor.

DYNASTREAM®
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2 Software Setup Procedure
The following ANT, Nordic and third-party software components must be installed to begin development with the N5 Starter

Kit:
Table 2-1. ANT Software Components
ANT Components
Component Source
ANT USB Interface Board www.thisisant.com/developer/resources/downloads (ANT USB Interface Board Driver
L. Driver (Windows))
Description: Windows drivers for the ANT USB Interface Board.
ANTWarell www.thisisant.com/developer/resources/downloads (ANTWarell)
2.
Description: PC Utility tool used to evaluate and debug ANT designs and applications (using the ANT USB Interface
Board). Requires .NET Framework 3.5.
OTA Updater www.thisisant.com/developer/resources/downloads (OTA Updater)
3

Description: PC tool used to perform over-the-air application, bootloader and SoftDevice image updates on an N5
module running the ANT Bootloader/DFU example code. Requires .NET Framework 4.0.

ObservANT www.thisisant.com/developer/resources/downloads (ObservANT)

4  Description: PC tool used to display debug information transmitted over an ANT channel. Requires .NET Framework
4.0.

Table 2-2, Third-Party Software Components

Third-Party Components

Component Source
Keil MDK ARM Development Kit v5

(Evaluation License sufficient for SDK https://www.keil.com/download/product (MDK-ARM v5)
L. reference designs)

Description: Development environment specifically designed for microcontroller applications that lets you develop
using the nRF51 SDK application and example files.

. http://www.segger.com/jlink-software.html (J-Link software &
SEGGER J-Link Programmer Software K
2. documentation pack)
Description: Software package required to use the J-Link programmer included in the development kit. (Contains
drivers and files required to debug directly from the Keil Development Kit.)
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Table 2-3. Nordic Semiconductor Software Components

Nordic Semiconductor Components

Component Source

nRF51 SDK 9.0.0 https://developer.nordicsemi.com/nRF51 SDK/nRF51 SDK v9.x.x/ (nRF514_SDK_9.0.0)

Description: Software Development Kit that provides source code of examples and libraries forming the base of your
application development. The nRF51 SDK includes:
e Example code
L. o ANT profile examples
¢ Bluetooth profile examples
e Drivers
e Libraries
¢ nrfjprog
For more information, see the documentation packaged with the nRF51 SDK.

nRFgo Studio https://www.nordicsemi.com/eng/Products/2.4GHz-RF/nRFgo-Studio (nRFgo Studio-Win
32/64)

Description: Tool to program and configure devices. It supports the programming of nRF51 SoftDevices, applications,

and bootloaders. The different programming modes are available on individual tabs in the nRF51 programming

module. Studio is used for the following:

2 e Setting the supply voltage
e Erasing flash memory
e Programming a SoftDevice
e Programming an application
e Programming the bootloader
For more information, see the help in nRFgo Studio.
NRF51422 Evaluation Kit ¢/ /www.nordicsemi.com/eng/Products/ANT/nRF51422-Evaluation-Kit (nRF51-422-EK-
3. User Guide UG-Keil)
Description: User guide for the Nordic nRF51422 Evaluation Kit. It contains information for developing nRF51
applications with the Keil MDK ARM Development Kit.
S$210 nRF51422
4. SoftDevice v5.0.0 https://www.nordicsemi.com/eng/Products/ANT/nRF51422 (S210-SD-V5)

Description: Precompiled ANT protocol stack.
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Table 2-4. N5 Starter Kit Software Components

N5 Starter Kit Components

Component Source

N5 Starter Kit SDK Installer www.thisisant.com/developer/resources/downloads (N5 Starter Kit SDK v 3.0)

Description: N5 Starter Kit patch for the nRF51 SDK. The N5 Starter Kit SDK includes:
. Binaries for ANT Network Processor Application (S210 and S310
SoftDevices)
. Example Code
ANT IO Demo (Refer to Section 5.1)
ANT Message Types Demo (Refer to Section 5.2)
ANT Background Scanning Demo (Refer to Section 5.3)
ANT Relay Demo (Refer to Section 5.4)
ANT Auto Shared Channel Demo (Refer to Section 5.5)
ANT Bootloader/DFU Demo (Refer to Section 5.6)
ANT Debug Demo (Refer to Section 5.7)
ANT Scalable Channel Demo (Refer to Section 5.8)
ANT Scalable Encrypted Channel Demo (Refer to Section 5.9)
ANT Scan and Forward Demo (Refer to Section 5.10)
ANT Asynchronous Controller using Continuous Scanning Mode
(Refer to Section 5.11)
. Header files to map nRF51422 IO pins to starter kit boards.
Note that all of the example code provided in the N5 Starter Kit v3.0 is intended for use with the S210 SoftDevice
version 5.0.0. The binaries for the ANT Network Processor Application are intended for use with the s210 and s310
SoftDevices versions 5.0.0 and 3.0.0, respectively.

O 0 O 0O 0O O 0O 0O O O o

2.1 Installing the Software Tools
It is recommended the supporting Software Tools are installed in the order specified below to ensure functionality.

Table 2-5. Installation Order

Order Software Component

ANT USB Interface Board Driver
ANTWarell

Keil MDK Arm Developer Kit

SEGGER J-Link Programmer Software
nRF51 SDK

nRFgo Studio

N5 Starter Kit SDK

N o o1 A WN
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2.2

ANT USB Driver Installation

Download the ‘ANT USB Interface Board Driver for Windows’ package from
http://www.thisisant.com/developer/resources/downloads and extract the entire contents onto your hard drive. Run the

USBXpressInstaller.exe file contained in the folder.

Install the drivers in your desired location.

Page 17 of 64

ﬂ USE AMT 5tick Silicon Laboratories USBXpress Device Driver Installer &J

Silicon Laboratories
LISE AMT Stick Silicon Laboratories USEXpress Device

Installation Location:

Driver Version 3.1

| C:\Program Files\Garmin{USBVAMNT USBXpress),

Change Install Location... Install

Cancel

You may receive a warning message that indicates that Windows can't verify the publisher of the driver software. Click
‘Install this driver software anyway’ to continue.

'@' Windows Security

@] Windows can't verify the publisher of this driver software

28]

-Ir Don't install this driver software

for your device.

You should check your manufacturer's website for updated driver software

2 Install this driver software anyway

information.

-::';:- See details

Only install driver software obtained from your manufacturer's website or
disc. Unsigned software from other sources may harm your computer or steal

)
o
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A window will indicate if the drivers have installed correctly.

Success . M

:I Installation completed successfully

0K

Connect an N5 module to the ANT Development Kit's USB interface board and insert into a USB port on your PC. The Driver
Software Installation wizard should pop up and begin a search for drivers and indicate the USB device is ‘Ready to Use’
when it detects the installed drivers on the PC.

B Driver Software Installaht

Installing device driver software

Dynastrearmn AMT USE Developrment Board O Searching Windows Update...

Obtaining device driver software from Windows Update might take a while.
Skip obtaining driver software from Windows Update

Note: The ANT USB Interface Board drivers are unsigned. Systems that require signed drivers for installation (e.g. Windows
8) are required to boot with driver signature enforcement disabled to complete the installation process.
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2.3 Install ANTWarell

Page 19 of 64

Download ANTWarell from the ANTWarell link on the www.thisisant.com/developer/resources/downloads page. Follow the
steps in the installer to install ANTWarell on your computer. Please note that the .NET Framework 3.5 must be
installed on your PC in order for this application to run.

2.4

Install Keil MDK Arm Developer Kit

Download the Keil MDK Arm Developer Kit from the MDK-ARM v5 link on the https://www.keil.com/download/product/
page. Run the MDK installer. It is recommended that you use the default install locations.

Continue to follow the steps in the installer. Upon completion of the installer, the Keil Pack Installer will automatically open.

Follow these steps to install the Nordic Semiconductor Device Family Pack:

1. Click “Packs” and select “Check For Updates”

2. Select “Nordic Semiconductor” within the “Devices” Tab.

ﬂ_ Devices r Boards I

Search: - X

Device /| Summary
- % Ambig Micro 8 Devices
- % Analog Devices 13 Devices
- @ ARM 18 Devices
- @ Atmel 237 Devices
[+ @ Freescale 22] Devices
[+ % Holtek 11 Devices
- ¥ Infineon 81 Devices
- % Maxim 4 Devices
- @ Nuvoton 394 Devices
[ @ NXP 270 Devices

3. Expand “NordicSemiconductor::nRF_DeviceFamilyPack” within the “Packs” Tab.

4. Select the 8.0.3 Device Family Pack

5. Click “Install”

ﬂ_ Packs r Examples I ﬁ
Pack Action Description
[+ -ARM:: CMSIS #x Update | CMSIS (Cortex Microcontroller Software Interface Standard)
[+--Keil:MDE-Mid ! Update Keil MDK-ARM Professional Middleware for ARM Cortex-M based devices
E Q Install IwIP is a light-weight implementation of the TCP/IP protocol suite
[+ cSemiconductor:nRF_BLE #& Install Bluetooth Low Energy (Bluetooth Smart) services and software modules for Nordic Semicondn
~"NordicSemiconductor:nRF_DeviceFamilyPack 4 Install || Merdic Semiconducter nRF ARM devices Device Famnily Pack.
8.0 #w Install || Nerdic Semiconducter nRF ARM devices Device Famnily Pack.
----Previous | MNordicSemiconductor:nRF_DeviceFamilyPack - Previous Pack Versions

6. Exit the pack installer

—— [ ]
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2.5 Install SEGGER JLink Programmer Software

Download the Segger JLink Programmer from http://www.segger.com/jlink-software.html. Follow the steps in the installer
to install the required Segger drivers on the computer. During the installation, any 3™-party applications that use the
JLinkARM.dII should be detected, select your version of Keil MDK.

-
ﬂ SEGGER J-Link DLL Updater V5.00c

The following 3rd-party applications using JLinkARM.dIl have been found:
el WMOK WE 15 [DLL W¥4.98 in "C:AEeil_vBhaRk\S egoer'’]

2.6 Install Nordic nRF51 SDK
Download the Nordic nRF51 9.0.0 SDK zip file from https://developer.nordicsemi.com/nRF51 SDK/nRF51 SDK v9.x.X.

Unzip the contents of the zip file in the following path, ensuring the directory structure in the zip file is preserved:
C:\Keil_v5\ARM\Device\Nordic
Note: This will require creating the Device and Nordic folders.

When finished you should have a directory structure like the image below:

. v Computer » Local Disk (C:) » Keil v » ARM » Device » Mordic »

Organize * Include in library = Share with = Burn Mew folder
4 £ Local Disk () “  Mame .
4 | Keil_vs
| components
4 . ARM i
. documentation
> ARMCC
| examples
. BIN
| external
4 ) Dewvi
evice i D
4 | Nordi
e §5) nRF5x_MDK_8_0_3_IAR.msi
LN t
S i8) nRFSx_MDK_8.0_3_Keild.msi
» | documentation
> examples
» L external
, SVD 3
> i Flash
, Hip
» . NULink
> g Pack

Note: There is no need to run the nRFx_MDK_8_0_3_Keil4.msi or the nRFx_MDK_8_0_3_IAR.msi installer, these files were
already installed with the Keil pack installer in Section 2.4

am\
S
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2.7 Install nRFgo Studio

Download the nRFGo Studio tool from https://www.nordicsemi.com/eng/Products/2.4GHz-RF/nRFgo-Studio. Follow the
steps in the installer to install nRFGo Studio on the computer.

2.8 Install N5 Starter Kit SDK

Download the zipped N5 Starter Kit SDK file from http://www.thisisant.com/developer/resources/downloads. It is important
that the directory structure remain unchanged to avoid having to modify paths and project locations in the reference code.

1. Extract the entire contents of the N5 Starter Kit SDK onto your hard drive in a temporary location of your choice.

2.  Move the entire folder n5_series from the extracted N5 Starter Kit SDK into the directory
C:\Keil_v5\ARM\Device\Nordic\examples

3. Inside the bsp folder, move the files boards.h and n5_starterkit.h into the directory
C:\Keil_v5\ARM\Device\Nordic\examples\bsp. Windows will detect a conflict since we are replacing the boards.h
header file. When prompted, select “Move and Replace”.
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3 Programming the SoftDevice

The N5 modules that come in the N5 Starter Kit come preloaded with the SoftDevice s210 v3.0. The reference code
provided in this package is intended for the SoftDevice s210 v5.0.0 or higher. To run the reference code, you must first
program the appropriate SoftDevice onto the module by following the next steps:

1. Stack on the N5 module to be programmed onto the IO and Battery Boards, as shown in the figure below.

Figure 3-1. N5 Module stacked on I0 and Battery Boards.

2. Insert CR2032 Coin Cell battery into the Battery Board.

3. Attach the JLink Segger Ribbon Cable to the programming header on the N5 module as shown in the figure
below.

ANT 10Board RevS
" B8 _C_ D
o PRl

Figure 3-2. Stacked N5 Module with Segger JLink Programmer Ribbon Cable

4. Connect the JLink Programmer Segger to the computer using a USB to mini-USB cable.
5. Launch nRFgo studio.

6. Click on the "nRF51 Programming” option in the “Device Manager” panel on the left-hand side of the application.

-
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'S B
N nRFgo Studio (e [ e ]
S S
File View nRF3001 Setup Help
Features b
4 24 GHz SEGGER to use: 518109506 ~ | [ Refresh
4 Front-End Te..
TX carrie...
RX cor nRF51422
TX ) CEAABOO (0x0050)
RX sensit... Region 1 (Application) Program SoftDevice | Program Application | Program Bootioader ‘
4 Bluetooth
nRFE00L Co... Programming of SoftDevice on nRF51 device
Dispatcher
Trace Transl... Size: 204kB File to program: F51422_5.0.0_softdevice.hex
Direct Test .. [ Lock SoftDevice from readback
nRF&002 .
I SoftDevice size (kB): |52 =
T e x Gl @allE Enable SoftDevice protection (UICR. CLENRD)
Motherboards Region 1 (SoftDevice) B
nRF51 Pregram.y
nRF51 Bootload TEw BT
nRF24LU1+ Boo., Firmware: (Progam\J verfy || Read |
I 5210 nRF51422 4.0.0 (Id: 0x0057)
H Step 6
step 13
Log
(c) Mordic Semiconductor ASA 2008-2014
e ———————

10.

11.

12.

13.

14.

Click on the “Program SoftDevice” tab on the right-hand side of the application.

Unzip the SoftDevice package (e.g. s210_nrf51422_5.0.0.zip).

Click the “Browse..."” button and navigate to the directory where the hex file for the SoftDevice was unzipped to.
Open the SoftDevice hex file (e.g. s210_nrf51422_5.0.0.hex).

Disable the checkbox “Enable SoftDevice protection (UICR.CLENRO)” if you are planning on using the ANT
Bootloader/DFU Demo.

Click the “Erase all” button at the bottom of the screen.
Click the “Program” button in the “Program SoftDevice” tab to program the SoftDevice onto the N5 Module.

The Log window at the bottom of the screen should read: “SoftDevice [SoftDevice hex file] programmed
successfully”.

nRFGo Studio can also be used to program an application or a bootloader onto the N5 Module. Please refer to the “Help” >
“Open Help” menu item in nRFGo for more details on the usage of this tool.

Important: It is not possible to program an N5 module while it is mounted to the USB interface board and connected to a

PC.

DYNASTREAM®
NNOVA E S

dynastream.com thisisant.com



Page 24 of 64 N5 Starter Kit User Manual, Rev 3.0

4 Loading the Reference Code

In order to program one of the reference designs included in the N5 Starter Kit SDK onto a module:
1. Prepare the hardware and connect it to the computer as described in steps 1-4 of Section 3.

2. Locate the project. If the default nRF51 SDK and N5 Starter Kit SDK installation locations were used, all projects
will be present under C:\Keil_v5\ARM\Device\Nordic\examples\n5_series\s210\

3. Open the project in Keil pVision by double clicking the .uvprojx file inside the arm directory of the project. For
example, for the ant_io_demo (master), you would need to double click on the following file:
C:\Keil_v5\ARM\Device\Nordic\examples\n5_series\s210\ant_io_demo\io_tx\arm\ant_io_tx.uvprojx

4. Click the “Build” icon to compile the project.

5. Click the “Load” icon to download the firmware onto the module and execute it.

E ChKeil_v3ARM\Device\MNordic\examples\n3_series\s210hant_io_demohio_td\armiant_io_tx

File Edit Wiew Project Flash Debug Peripherals Tools SVCS  Window Help
= | | | | i& =

b g | £“°| NIf51422 soaa_s210 (2561 ] £\| & & M @

=1 nRF_Drivers
+ J nrf_delay.c
+ J nrf_drv_common.c
+ J nrf_drv_gpiote.c

2 L Ll

Please refer to the "nRF51422 Evaluation Kit User Guide” document for more details on working with Keil.

In order to program the provided binaries (hex files) for the ANT Network Processor application using nRFgo Studio, refer to
the instructions in Section 3, selecting the “Program Application” tab in step 7.

Important: When programming the provided binary for the ANT Network Processor application, the I/O board must not
be connected to the module and battery board. The ANT Network Processor application includes bootloader activation
support via a BOOT pin. Connecting the I/O board to the module that is programmed with the ANT Network Processor
application will result in activation of the bootloader, and a 2 minute timeout will be required before being able to run the
network processor application.
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5 Reference Designs Overview

Most of the reference designs included in the N5 Starter Kit SDK can be tested using only the components included in the
N5 Starter Kit, however, some of the examples illustrate extended topologies that benefit from the use of additional
components. While describing the different components required for each demo, this document will use the following
terminology:

N5 Development Board: consists of an N5 module stacked on an I/O and Battery board, as depicted in Figure 5-1.

Figure 5-1. N5 Development Board

ANT USB Stick: consists of an N5 module, loaded with ANT Network Processor firmware, mounted on an USB Interface
board, as shown in Figure 5-2. The N5 module that comes stacked on the ANT USB interface board in the N5 Starter Kit is
preloaded with ANT Network Processor firmware. ANT Network Processor Firmware provides emulation of a stand-alone
ANT module with serial communication with external controllers. Alternatively, an ANTUSB-m or ANT USB2 stick can be
used.

Figure 5-2. ANT USB Stick
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5.1 ANT IO Demo
The ANT IO demo was designed to demonstrate the functionality of the LEDs and buttons of the I/O board in the N5 Starter
Kit, as well as showcase basic bidirectional communication between two nodes using ANT.

The demo can be used with either one N5 development board and one ANT USB stick connected to the PC application
ANTware (Figure 5-3) or two N5 development boards (Figure 5-4).

‘ Master Endpoint

Node A '—

Figure 5-3. I0 Demo Topology using an ANT USB stick

Slave Endpoint

ANTware

‘ Master Endpoint

Node A ‘— Node B
Slave Endpoint

Figure 5-4. 10 Demo Topology using two N5 development boards

5.1.1 Usage of the preloaded I0 Tx Demo and Network Processor programs on the N5
module

The N5 Module that comes stacked on the I/O and Battery Boards comes preloaded with the example IO Tx demo. The N5
Module that comes stacked on the ANT USB interface board is preloaded with an ANT Network Processor firmware. Make
sure the markings on the modules match the markings on the mounting boards. Follow the steps below to test the
preloaded functionality of the modules:

1. Insert a CR2032 coin cell battery into the N5 development board.
2. Connect an ANT USB stick into a USB port on your PC.

3. Open the ANTWare tool.

4. Configure Channel 0 as a Slave.

5. Set the Channel ID to the following values:

Table 5-1. I0 Demo Channel ID

Parameter Value
Device Number 0 (wild card)
Device Type 3
Transmission Type 1

6. Open the channel with default values for all the other channel configuration parameters to begin the search for
the other N5 module.
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7. Once the two modules have paired (indicated by receiving broadcasts in the ANTWare Log window), you can
begin to test the Buttons and LEDs on the IO board.

Available Devices:

(Click on a device to view s channels)  Refresh

Device A
USB=# 0, Baud 57.6k

Device A: Channel 0

SANT

fEITENY Channel 1 Channel 2 Channel 3 Channel 4 Channel 5 Channel 6 Channel 7

SlaveRx~ID:33059, 3, 1

SN: 31 Mandatory Channel Setup

Max ANT Channels: 8
Max Networks:

Max Data Channels: 0 Release

+

Refresh Display

Set Channel Penod

Set Radio Frequency 2400Mhz + 66

Freq/Prox
Advanced

Channel ID

- 031
Device #:
0
Device Type:

3

Trans. Type:
1

Pairing

Set ID

Close

Encryption Adv Search
Inc/Exc List Serial

Get ID Get Status
8192 f32768 [s] period or

Mhz = 2466 Mhz

Log Files

Profiles Settings Help

: 4e, 00-01-FF-FF-FF-FF-FF-FF-FF |

ved BROADCAST_DATA_Ox4E

:: 4e, 00-01-FF-FF-FF-FF-FF-FF-FF

Received BROADCAST_DATA_Ox4E
:: 4e, 00-01-FF-FF-FF-FF-FF-FF-FF

&, 00-01-FF-FF-FF-FF-FF-FF-FF
ved BROADCAST_DATA_Ox4E
e, 00-01-FF-FF-FF-FF-FF-FF-FF
ved BROADCAST_DATA_Ox4E

ved BROADCAST_DATA_Ox4E

Received BROADCAST DATA_Ox4E
:: 4e, D0-01-FF-FF-FF-FF-FF-FF-FF
Received BROADCAST_DATA_Ox4E
:: de, D0-01-FF-FF-FF-FF-FF-FF-FF
ceived BROADCAST_DATA_Ox4E
€, 00-01-FF-FF-FF-FF-FF-FF-FF

ved BROADCAST_DATA_0x4E |
4e, 00-01-FF-FF-FF-FF-FF-FF-FF

Clear Show Pop-out < Scroll to New Msgs

| Messaging BETL LT

Ack Burst Extended General

00-00-00-00-00-00-00-00 v

Set Broadcast

8. Click on the “Simulation” tab on the right-hand side of the ANTWare application. Modify the “Respond With" field

to either of these values:

Table 5-2. I0 Demo LED Control Message Format

Tx Buffer Value

01-00-00-00-00-00-00-FE
01-00-00-00-00-00-00-FD
01-00-00-00-00-00-00-FB
01-00-00-00-00-00-00-F7

Description

Turns on LED A on the IO Board
Turns on LED B on the IO Board
Turns on LED C on the IO Board
Turns on LED D on the IO Board

9. Check the “Auto Send Response to Received Msgs” check box. The N5 module will now respond with a message
of its own every time it receives an ANT broadcast message to control the LEDs on the IO board.

10. The buttons on the IO board will allow you to modify the contents of the broadcast messages being transmitted

from the N5 module.
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5.1.2 Usage of the IO Tx and Rx Demos

1.

2.

Insert a CR2032 coin cell battery into an N5 development board (Node A)

Load the reference code for the ant_io_demo\io_tx project onto the module, as described on Section 4.
Insert a CR2032 coin cell battery into a second N5 development board (Node B)

Load the reference code for the ant_io_demo\io_rx project onto the module, as described on Section 4.

Pressing the buttons on one of the nodes will control the state of the LEDs on the other node. For example,
press button A on Node A; LED A on Node A will turn ON while the button remains pressed.

DYNASTREAM®
NNOVATIONS
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5.2 ANT Message Types Demo

The ANT Message Types reference demo demonstrates the three different ANT message types: Broadcast, Acknowledged,
and Burst. The LEDs of the I0 Board in this demo will give a visual presentation of the CPU sleep time and ANT active time
using different ANT messages. The PC application ANTware is used to test the functionality of the demo.

This demo requires one N5 development board and one ANT USB stick.

' Master Endpoint

Node A '—

Figure 5-5. Message Types Demo Topology

Slave Endpoint

ANTware

5.2.1 Usage
1. Insert a CR2032 coin cell battery into the N5 development board.

2. Load the reference code for the ant_message_types\message_types_master project onto the module, as
described on Section 4.

3. Plug in an ANT USB stick into the computer.
4. Open the ANTWare tool.

5. Configure Channel 0 as a Slave.

6. Set the Channel ID to the following values:

Table 5-3. Message Types Demo Channel ID

Parameter Value
Device Number 0 (wild card)
Device Type 2
Transmission Type 1
7. Open the channel with default values for all the other channel configuration parameters to begin the search for

Node A.

8. Once the two nodes have paired, the buttons on the N5 module with the IO board will allow you to switch
between broadcast, acknowledged and burst messaging. Button A will switch the N5 module to broadcasting
mode, Button B will switch it to acknowledgement mode and Button C will switch it to bursting mode. LED A will
indicate when the CPU is sleeping, while LEDs B, C and D will indicate when a broadcast message, acknowledged
message, or a burst transfer is being transmitted via ANT.
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5.3 ANT Background Scanning Demo

The purpose of the ANT Background Scanning example is to show how to implement a background scanning channel in
combination with a master channel on a single device, and to show how to use extended messages to obtain the RSSI
(Received Signal Strength Indication) and channel ID information from received packets. It does not utilize any buttons or
LED's.

Background scanning channels are a powerful feature in ANT because they allow for asynchronous topologies while still
allowing other channels to run independently on the same device. In this example, the RSSI and channel ID of messages
received on the background scanning channel are copied to the data payload of the master channel, effectively mirroring
these parameters back to the transmitting devices. For more details, please consult the "ANT Message Protocol and Usage”
document as well as the following application notes: "ANT AN ANT Channel Search and Background Scanning Channel” and
“ANT AN RSSI Extended Information”.

This example can work with any number of nodes (Figure 5-6) or it can work with a single development board in
conjunction with an ANT USB stick and the ANTware PC application (Figure 5-7). The usage instructions in this document
describe the second setup. In this example ANTware will be configured to interface to a single node. A slave channel will be
configured in ANTware to track the master channel of the node. A master channel will be opened up in ANTware to match
the channel parameters of the background scanning channel.

‘ Master Endpoint
Node A \ Node B
' Background Scanning Endpoint
] [

Figure 5-6. Background Scanning Demo Topology with 2 Nodes

‘ ‘ ' Master Endpoint

Node A ' Background Scanning Endpoint

ANTware Slave Endpoint

Figure 5-7. Background Scanning Demo with ANTware

5.3.1 Operation

After start up or reset each ANT node will open up two channels - one background scanning and one master channel. Note
that the background scanning channel is configured similar to a regular slave channel with a flag set to denote its special
function. As a background scanning channel is effectively a searching channel that never synchronizes to any master, it is
important to set the search timeout appropriately. In this example the search timeout is set to infinity.
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Parameter

Channel Type
Extended Assignment
Network

Radio Frequency
Channel Period
Device Number
Device Type
Transmission Type
Search Timeout (High
Priority)

Search Timeout (Low
Priority)

Master (0x10)
N/A

Public
2477MHz
16Hz (2048)
Serial Number
1

5

N/A

N/A

Master Channel
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Table 5-4. Background Scanning Demo Channel Parameters

Background Scanning Channel

Slave(0x00)
EXT_PARAM_ALWAYS_SEARCH (0x01)
Public

2477MHz

N/A

Wildcard (0)

1

5

No HP Search (0)

Infinite (255)

The master channel on each device sends a single payload of data indicating the signal strength and channel ID of the last
message that was received on the background scanning channel. The format of this message is detailed below.

Byte

-5 Reserved

N O A W N = O

5.3.2 Usage

1. Insert a CR2032 coin cell battery into the N5 development board.

Description

Page Number = 1 (ANT_BEACON_PAGE)

RSSI (signed dBm value corresponding to Device Number below)

Counter which increases with each channel period

Number of messages received on background scanning channel

Table 5-5. Message Format for Default Master Message

Device number of last message received on background scanning channel (little endian). Corresponds to the
RSSI value above

2. Load the reference code for the ant_background_scanning project onto the module, as described on Section

4.

3. Plugin an ANT USB stick into the computer.

4. Open the ANTWare tool.

5. Configure Channel 0 as a Slave.

6. Configure the Device Type, Transmission Type, Channel Period and Radio Frequency as specified in the “Master
Channel” column of Table 5-4. Set the Device Number to 0 (wild card).

(.\
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Available Devices:
(ch a device to view its channels)

Device A
USB# 0, Baud 57.6k
SN: 229
Max ANT Channels: 8
Max Networks:
Max Data Channels: 0

Device C
USB# 2, Baud 57.6k
15

Max Data Channels: 0

+

Release

E} ANTware I - v.4.1.00 Internal (non-installed local build: 15/11/2013 8:28:18 AM)

Tools

ANT

Refresh Channel 1

Device A: Channel 0 slaveRx~ID:56879, 1, 5

Mandatory Channel Setup

Channel ID

- 0,15
Device #:
o
Device Type:
1
Trans. Type:
5
Pairing

Set ID

Refresh Display Close

Adv Search
Serial

Internal
SDuU

Freq/Prox Encryption
™ advanced Inc/Exc List

Get ID Get Status

Set Channel Period 2048 /32768 [s] period or 16 Hz

Set Radio Frequency 2400Mhz + 77 Mhz = 2477 Mhz

Channel 2 Channel 3 Channel 4 Channel 5

Log Files Profiles Settings Help

Channel 6 Channel 7

0

Received BROADCAST_DATA_Ox4E

:: 4e, 00-01-00-00-00-00-00-4D-00
Received BROADCAST_DATA_Ox4E

:: 4e, 00-01-00-00 00-00-4E-00
Received BROADCAST_DATA_Ox4E

:: 4e, 00-01-00-00-00-00-00-4F-00
Received BROADCAST_DATA_Ox4E

:: 4e, 00-01-00-00-00-00-00-50-00
Received BROADCAST_DATA_Ox4E

:: 4e, 00-01-00-00-00-00-00-51-00
Received BROADCAST_DATA_Ox4E

:: 4e, 00-01-00-00-00-00-00-52-00
Received BROADCAST_DATA_Ox4E

:: 4e, 00-01-00-00 00-00-53-00
Received BROADCAST_DATA_Ox4E

:: 4e, 00-01-00-00-0 0-00-54-00
Received BROADCAS' ATA_Ox4E

:: 4e, 00-01-00-00-00-00-00-55-00
Received BROADCAST_DATA_Ox4E

:: 4e, 00-01-00-00-00-00-00-56-00
Received BROADCAST DATA_Ox4E

:: 4e, 00-01-00-00-00-00-00-57-00

Clear  Show Pop-out Scroll to New Msgs

P simulation
Broadcast P Burst Extended General

02-FF-01-FF-FF-FF-FF-FF

Cancel Send Acknowledged

7. Configure Channel 1 in ANTware to broadcast messages to the background scanning channel running on Node A.
To do this, configure Channel 1 as a Master, and configure the Device Type, Transmission Type, Channel Period
and Radio Frequency as specified in column 'Master Channel' of Table 5-4. The device number can be set to any

Available Devices:
k on a device to view its channels)

Device A
USB# 0, Baud 57.6k
SN: 229
Max ANT Channels: 8
Max Networks: 8§
Max Data Channels: 0

Device C
USB= 2, Baud 57.6k
SN: 15
Max ANT Channels: 8
Max Networks: 3
Max Data Channels: 0

+

& ANTware II - v.4.1.00 Internal SIlonfinsIalled local build: ]5,"112013 Q:ZBrIB.AM) L ] -
- -

Tools

ANT

Refresh

Device A: Channel 1 MasterTx~ID:50, 1, 5
Mandatory Channel Setup

Channel ID
Release
- 50,1,5
Device #:
50
Device Typ
1
Trans. Type:
5
Paining

Set ID

Refresh Display Close

Internal
spu

Freq/Prox Encryption Adv Search

™ advanced Inc/Exc List Serial

Get ID Get Status

Set Channel Period 2048 /32768 [s] period or

Set Radio Frequency 2400Mhz +

channel 0 ETTTHEN Channel2 Channel 3 Channel 4 Channel 5 Channel 6 Channel 7

1=k

Log Files Profiles Settings Help

uxus
00-00-00-0D0-00-00-00-64
0, 01-01-03
EVENT_TX_0x03
00-00-00-00-00-00-00-65
:: 40, 01-01-03
EVENT_TX_0x03
00-00-00-00-00-00-00-66
:: 40, 01-01-03
EVENT_TX_0x03
00-00-00-0D0-00-00-00-67
:: 40, 01-01-03
EVENT_TX_0x03
00-00-00-D0-00-00-00-68
:: 40, 01-01-03
EVENT_TX_0x03
00-00-00-00-00-00-00-69
:: 40, 01-01-03
EVENT_TX_0x03
00-00-00-D0-00-00-00-6A
:: 40, 01-01-03
EVENT_TX_0x03
00-00-00-D0-00-00-00-6B
:: 40, 01-01-03

Clear Show Pop-out ¥ Scroll to New Msgs

| Messaging e e 0
[P ack Burst Extended General

00-00-00-00-00-00-00-00

Set Broadcast
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value except 0. Below the device number is set to 50. The payload transmitted by this channel is not relevant.

8. Observe the message payload received on Channel 0 on ANTware. Note that the channel ID reported will equal 50
and the corresponding RSSI value will change as the N5 development board is moved closer and further away
from the ANT USB stick.

Received BROADCAST _DATA_Ox4E

:: 4e, 00-01-B6-32-00-00-00-89-74
Received BROADCAST _DATA_Ox4E

:: 4e, 00-01-B6-32-00-00-00-8A-74
Received BROADCAST _DATA_Ox4E

:: 4e, 00-01-B6-32-00-00-00-8B-74 wss1 = 7adom “farver |
Received BROADCAST_DATA_Ox4E

:: 4e, 00-01-B6-32-00-00-00-8C-74
Received BROADCAST. DATA Sx4E

:: 4e, 00-01-B6+32-00-00-00-25-74
Received BROADCAST DATA_Ox4E

:: 4e, 00-01:B6-52-00-00-00-8E-74

—_——————

Device Number = 50 |

Clear Show Pop-out  Scroll to New Msgs

| Received BROADCAST_DATA_Ox4E
| :: 4e, 00-01-CB-32-00-00-00-85-0C

Received BROADCAST_DATA_Ox4E
:: 4e, 00-01-CB-32-00-00-00-86-0C

Received BROADCAST _DATA_Ox4E
:: 4e, 00-01-CB-32-00-00-00-87-0C R———

Received BROADCAST_DATA_Ox4E
:: 4e, 00-01-CB-32-00-00-00-88-0C

Received BROADCAST _DATA_Cx4E
:: 4e, 00-01-CB~32-00-00-00-85-0C

| Received BROADCAST DATA_Ox4E
| :: 4e, 00-01-CB-52-00-00-00-8A-0C

Device Number = 50 |

Clear Show Pop-out  Scroll to New Msgs

Note that any number of channels can be configured in ANTware to transmit to the background scanning channel on Node
A. Make sure to use a different device number for each of the channels. The background scanning channel will receive
messages from these asynchronously and report back to the slave channel configured in ANTware.

-
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5.4 ANT Relay Demo

The ANT Relay Demo implements a simple relay network utilizing ANT's multi-endpoint and proximity pairing capabilities.
Nodes can be connected in a daisy chain with no limitation as to the number of devices connected. Each node is connected
to the previous one using proximity pairing. The state of an LED is relayed among all of the nodes in the network, i.e., if the
state of the LED on one node changes, the state of the LED's on all nodes will also change. The state of the LED can be
changed by pressing a button on any of the boards, or by connecting to any of the nodes wirelessly using the ANTware PC
application. This demo can be extended to fixed topologies that require range extension through relay and report status or
accept commands. This network configuration is appropriate for coin cell operated devices and applications that require a
mobile interface.

To run this demo at least two N5 development boards are required. Optionally, an ANT USB stick is required to interface
ANTware to the mobile channel.

To Mobile or PC application

/ / / ‘ Master Endpoint

Node A F Node B F Node C F Slave Endpoint

Figure 5-8. ANT Relay Demo Topology

5.4.1 Operation

After start up or reset each ANT node will open up two master channels: one for the purpose of the relay network and the
other to allow for connections to a mobile or PC application (for example ANTware).

The table below describes the channel parameters for each of these master channels.

Table 5-6. Relay Demo Channel Parameters

Parameter Mobile Channel Relay Channel
Channel Type Master (0x10) Master (0x10)
Network Public Public
Radio Frequency 2477MHz 2472MHz
Channel Period 4Hz (8192) 4Hz(8192)
Device Number Serial # Serial #
Device Type 2 1
Transmission Type 5 5

The user can pair one board to another by pressing a button on the board they wish to pair, or by sending the pairing
command over the mobile channel (refer to Table 5-9). Proximity pairing is used (with a bin setting = 1) so boards must be
brought very close to each other (<10cm) in order to pair. Once a connection to an adjacent node is made, the state of the
LED on the board is relayed among all of the boards. The relay channel is 100% bi-directional, with the slave endpoint
sending a status message back to the master for every message that it receives. The following 8 byte message is used to
relay information between the devices.

-
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Table 5-7. Relay Status Message

Byte Description
0 Page Number = 1 (ANT_RELAY_MAIN_PAGE)
1 LED Status (1 = ON, 0 = OFF)
2
3 Counter which increases every time the state of an LED changes. If the counter changes, the node will
4 change the state of its LED to reflect the change. The format of this 4 bytes unsigned value is little endian.
5
6 Reserved = OxFF
7 State of Slave Channel (0 = unassigned, 1 = assigned, 2 = searching, 3 = tracking)

If the state of the LED changes a counter will increase and all boards will update the state of their own LED to reflect the
new state. The state of the LED can be changed by pressing a button on any of the boards, or by sending the appropriate
command over the mobile channel.

The status message sent on the mobile channel to the PC or mobile application is almost identical as that sent by the relay
channels. This message is detailed below.

Table 5-8. Mobile Channel Status Message

Byte Description
0 Page Number = 1 (ANT_MOBILE_MAIN_PAGE)
1 LED Status (1 = ON, 0 = OFF)
2-6 Reserved = OxFF
7 State of Slave Channel (0 = unassigned, 1 = assigned, 2 = searching, 3 = tracking)

The PC or mobile application can send a message to any device it is connected to and affect the LED or pairing state. The
following table describes the format of the command used to emulate the buttons on the board.

Table 5-9. Mobile Channel Command Page

Byte Description
0 Page Number = 2 (ANT_MOBILE_COMMAND_PAGE)
1 Reserved = OxFF
2 Command (1 = Pairing, 2 = LED on, 3 = LED off)
3-7 Reserved = OxFF

The command page may be sent using broadcast or acknowledged messages. Where possible it is recommended to use
acknowledged messages. This message type will inform whether the command was successful or not.

If a slave channel loses connection with the master it is connected to for longer than 30s it will close its channel and re-
initialize the search proximity bin setting. A connection can be re-initialized by the user by pressing the appropriate button
or sending the correct command over the mobile channel.

-
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5.4.2 Usage

The following table describes the function of the buttons and LEDs.

Table 5-10. Function of Button and LEDs in Relay Demo

Hardware Function
Button A Toggle state of LED C
Button B Start Pairing mode
LED C Toggled by button A
LED D Off by default. Turns on when Slave Endpoint receives a message.

To test the example code, perform the following steps:
1. Insert a CR2032 coin cell battery into the N5 development board.

2. Load the reference code for the ant_relay_demo project onto the module, as described on Section 4.

3. Repeat steps 1-2 for as many nodes as desired.

4, After power up, each of the boards will configure a master channel transmitting every channel period, but they
will not be connected to each other. Pressing button A on each board will affect the state of LED C, but only on
the board where the button is pressed. LED D will be off, indicating that no messages have been received on
the slave endpoint.

5. To pair two nodes, press button B on Node B. This will open the slave endpoint in Node B, which will begin to
search for other devices within its proximity pairing zone.

6. Bring Node A and Node B close to each other (<10 cm) to pair. Once the slave endpoint on Node B begins to
receive data from Node A, it will turn LED D on.

7. Once the two nodes are connected, they will continue communicating without the requirement of being in close
proximity of each other. Pressing button A on either of the boards will toggle the state of the LED C on both of
the boards. There will be slight latency as the message percolates across the relay. Subsequent boards (for
example Node C) can be added by repeating the procedure and pairing to Node B and so on.
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Optional steps to use ANTware to interact with the nodes using the mobile channel:
8. Plug in an ANT USB stick into the computer.
9. Open the ANTWare tool.

10. Configure Channel 0 as a Slave.

11. Configure the Device Type, Transmission Type, Channel Period and Radio Frequency as specified in the “Mobile
Channel” column of Table 5-6. Set the Device Number to 0 (wild card) to connect to any of the boards.

12. Turn the LED on using the command described in Table 5-9. Select the “Ack” tab, set the message payload to
02-FF-02-FF-FF-FF-FF-FF, and click “Send Acknowledged”.

13. Turn the LED off using the command described in Table 5-9. Select the “Ack” tab, set the message payload to
02-FF-03-FF-FF-FF-FF-FF, and click “Send Acknowledged”.

14. Pairing can be initiated by sending the command described in Table 5-9. Select the “Ack” tab, set the message
payload to 02-FF-01-FF-FF-FF-FF-FF, and click “Send Acknowledged”. This is equivalent to pressing button B on
the particular node ANTware is connected to.
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5.5 ANT Auto Shared Channel Demo

The ANT Auto Shared Channel Demo implements a polling network between a master device and multiple slave devices
using an ANT shared channel. This configuration is suitable for applications where a central node retrieves data periodically
from a large number of sensors. For more information on shared channels, refer to the "ANT Message Protocol and Usage”
document.

In order to allow on the fly addition/removal of slaves to the network, this demo implements a handshaking mechanism to
dynamically assign addresses to the slave devices. For more details on the messaging involved in assigning addresses to the
shared slaves, refer to the application note “"AN Auto Shared Channel Master Example”.

To run this demo at least two N5 development boards are required. Using single byte addressing, up to 253 N5
development boards acting as shared slaves can be added to the network.

Shared Master

Node A ‘ cee Endpoint
.- Shared Slave
"I Endpoint

Node B Node D

Figure 5-9. Auto Shared Channel Demo Topology

5.5.1 Usage

The following table describes the function of the buttons and LEDs on the auto shared master (Node A).

Table 5-11. Function of Button and LEDs on Auto Shared Master

Hardware Function
Button A Turn on LED A on itself and any connected slaves.
Button B Turn off LED A on itself and any connected slaves.

Toggles on start up to indicate the application is running.

LED A
Controlled by buttons A and B.
LED B Toggles on ANT events
UED B Off by default. Toggles for 200 ms when a slave joins or leaves the network.

Toggles continuously on unrecoverable error conditions.

dynastream.com thisisant.com
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The following table describes the function of the buttons and LEDs on the auto shared slaves (Nodes B, C, D...).

Table 5-12. Function of Button and LEDs on Auto Shared Slave

Hardware Function
LED A Controlled by buttons A and B of the auto shared master.
LED C Toggles when the node is polled by the auto shared master.

Indicates if the node is connected to the auto shared master.
Connected = ON, Not Connected = OFF.

LED D

In order to test the example code:
1. Insert a CR2032 coin cell battery into an N5 development board (Node A).

2. Load the reference code for the ant_shared_channel\ant_shared_channel_master project onto the
module, as described on Section 4.

3. Insert a CR2032 coin cell battery into another N5 development board (Node B).

4. Load the reference code for the ant_shared_channel\ant_shared_channel_slave project onto the module,
as described on Section 4.

5. Repeat steps 3-4 for as many slave nodes as desired.

6. After power up, Node A will configure a shared master channel. The nodes programmed with the auto shared
channel slave firmware (e.g., Node B, C, D...) will configure a shared slave channel and will begin to search for
an auto shared master within its proximity pairing zone. Within 30 seconds of powering up a slave node (e.g.
Node B), bring it onto close proximity (<10 cm) to Node A to pair. Once the slave node registers and obtains an
address from Node A, it will turn LED D on.

7. Repeat step 6 to connect additional slave nodes to Node A.

8. Once the nodes are connected, they will continue communicating without the requirement of being in close
proximity to Node A. Press buttons A or B on Node A to toggle the state of LED A on all nodes.
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5.6 ANT Bootloader/DFU Demo

The ANT Bootloader/DFU example shows how Over-the-Air (OTA) updates for a SoftDevice, bootloader or application can
be performed on the nRF51422, using ANT File Share (ANT-FS) technology.

The ANT Bootloader/DFU example in the N5 SDK v3.0.0 currently supports the following SoftDevices
e  SoftDevice s210 v5.0.0 or later
e  SoftDevice s310 v3.0.0 or later
The example code can be used to perform the following type of updates:
e Update the application code, with or without an existing application on the device.
e Update the bootloader, as long as the start address of the new bootloader matches that of the existing bootloader.
e Update the SoftDevice to a newer version of the same SoftDevice.
e  Swap from SoftDevice s210 v5.0.0 or later to SoftDevice s310 v3.0.0 or later, and viceversa.
e Update the SoftDevice and the bootloader to newer versions in a single process.

If there is no existing application on the device, the device will start in the bootloader mode. In case an existing application
is present, the device needs to be put explicitly into bootloader mode via a button press (refer to the Usage section), or by
having the application request to enter bootloader mode (refer to the Passing information between Application and
Bootloader section).

In case the device has an existing application when performing an update, the example code will attempt to preserve the
existing application if possible, using a “dual-bank” update. Refer to Section 5.6.1 for more details.

Important: If the device has an existing application when updating the SoftDevice, the existing application
will be erased. After updating the SoftDevice, make sure to install an application on the device.

The ANT Bootloader/DFU example currently supports updating one image at a time, except by updating both the bootloader
and SoftDevice, which can be performed in a single session. If updating both the SoftDevice and the bootloader, it is highly
recommended to perform this update in a single process, including both SoftDevice and bootloader images in the file
uploaded to the device, to ensure that the versions of the bootloader and SoftDevice running on the device are known to be
compatible. For more details on this, refer to the Transport Mechanism: ANT-FS section, as well as to the application note
Over the Air Firmware Updates Using ANT-FS.

Important: Before updating the SoftDevice, make sure to carefully review the release notes and the
migration notes for the new SoftDevice, and test the application and bootloader code to ensure their
compatibility with the new SoftDevice. Migration between particular SoftDevices may require special steps.
Any special requirements will be outlined in the migration document. These documents are typically released
together in the same package as the SoftDevice.
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5.6.1 Memory Layout
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The ANT Bootloader/DFU example reserves the flash region between 0x3B800 — 0x40000 for the bootloader. The region
between 0x0000 — 0x1000 is reserved for the Master Boot Record. The SoftDevice occupies flash region starting at address
0x1000, with size depending on the specific SoftDevice (s210/s310). The remaining space is divided into two memory
banks of equal size, BANK 0 (starting after the SoftDevice) and BANK 1 (ending before the bootloader). If an application is
present in the device, it is placed in the space right after the SoftDevice, and depending on its size, may occupy part or the
entirety of BANK 0, and none, part or the entirety of BANK 1. This is illustrated in Figure 5-10.

0x040000 A
DFU
Bootloader
0x03B800
W
Q
2 ¢
Free g
()
py)
&
I g
=
App Size
W
Q
=}
I =
Application I
SD Size Y
0
o
Q.
. ()
SoftDevice -
D
«Q
=
=
0x001000 T
0x000000 MBR

Figure 5-10. Memory Layout

Table 5-13 lists the memory ranges when using the SoftDevices s210 v4.0.0/4.0.1 and s310 v2.0.0/2.0.1. Thus, bank size

when using a s210 SoftDevice is 0x17400, and when using a s310 SoftDevice is 0xF400.

Table 5-13. Memory ranges for S210/S310 SoftDevices

Memory Range (s210

Usage v4.0.0/4.0.1)
DFU Bootloader and data 0x3B800 — 0x40000
Application Code (Bank 0), Free/Swap (Bank 1) 0x0D000 — 0x3B800
SoftDevice 0x01000 — 0x0D0O00O
Master Boot Record (MBR) 0x00000 — 0x01000

Memory Range (s310
v2.0.0/2.0.1)
0x3B800 — 0x40000
0x1D000 — 0x3B800
0x01000 — 0x1D000
0x00000 — 0x01000

The example code attempts to preserve an existing application in the event of failures during the update process whenever
possible; this is referred to as a dual bank update. This is achieved by storing the new image exclusively on BANK 1 if

)
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possible, and swapping it to its destination location on activation. Use of BANK 0 while receiving a new image will result in
not preserving the existing application; this is referred to as a single bank update.

In the example code, selection between dual and single bank mode is performed automatically depending on the size of the
total image transferred to the device, current application size, and type of update requested. Dual bank updates are used by
default, except under the following conditions:

e  The application current size (as reported by the application using the app_size parameter) exceeds the bank size.
e The application current size (as reported by the application using the app_size parameter) is unknown.
e The size of the image received (as reported in the header of the SUF file) exceeds the bank size.

e A SoftDevice update was requested.

5.6.2 Transport Mechanism: ANT-FS

ANT-FS is a session based transport mechanism designed to securely and automatically transfer data files between two ANT
enabled devices. A detailed description of ANT-FS is available in the ANT-FS Technical Specification. The specific details of
the message exchange used for the update process as defined by ANT-FS are outlined in the application note ANT AN Over
the Air Firmware Updates Using ANT-FS, including the format of files exchanged.

The ANT Bootloader/DFU example implements an ANT-FS client. A PC implementation of an ANT-FS host customized for
performing OTA updates out of the box is provided in the OTA Updater tool. This tool automates all of the interactions
between host and client to query device information and transfer new images to the device.

‘ ANT-FS Client
'_ (Master Endpoint)
ode A ANT-FS Host

OTA Updater (Slave Endpoint)

Figure 5-11. ANT Bootloader/DFU Topology

To establish communication, channel parameters must match in the host and client devices. The OTA Updater tool is
preconfigured with the correct channel parameters required to interface with the ANT Bootloader/DFU example. The default
channel parameters used in the example code and the OTA Updater PC tool are listed in Table 5-14.

Table 5-14. ANT Bootloader/DFU default channel parameters

Parameter Value
Channel Type Master
Radio Frequency 2450 MHz
Network Key ANT-FS Managed Network Key
Device Type 16
Transmission Type 5

Least significant 2 bytes of the
ANTFS_CLIENT_SERIAL_NUMBER

Channel Period 8192 (4Hz)

Device Number

Important: The ANTFS_NETWORK_KEY compile time configuration option must be set to the ANT-FS network

key. The ANT-FS network key can be obtained at http://www.thisisant.com/developer/ant-plus/ant-plus-
basics/network-keys.

-
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5.6.3 Device Identification

The following compile time configuration options are available to customize how the device identifies itself:

e  ANTFS_CLIENT_MANUF_ID: This 2-byte value identifies the manufacturer of the device. Manufacturer ID values
are managed by ANT+. The current list of manufacturer ID values can be found in the FIT.xls profile (available
within the FIT SDK at www.thisisant.com). New manufacturers are required to be members of the ANT+ Alliance
in order to be added to this list; please contact the ANT+ Alliance at antalliance@thisisant.com for details. The
value 255 (0x00FF) has been reserved as a development ID and may be used by manufacturers that have not yet
been assigned a value. The ANT Bootloader/DFU example uses the development ID by default.

e  ANTFS_CLIENT_DEV_TYPE: This 2-byte value is managed by each manufacturer and can be used to provide
information regarding the type of device (e.g. model number). The example code uses value 1 by default.

e  ANTFS_CLIENT_SERIAL_NUMBER: The ANT Bootloader/DFU example sets this value to the 4 least significant
bytes of the chip device identifier in FICR.

e  ANTFS_CLIENT_NAME: UTF-8 string that can be used to provide a human readable descriptor of the device. The
example code sets this value to "ANTFS OTA Update”. The string length can be customized with
ANTFS_CLIENT_FRIENDLY_NAME_MAX; this length should not exceed 256. It is highly encouraged to customize
this string, especially if using the development Manufacturer ID.

e OTA_INFO_HARDWARE_VERSION: This value is used to report the hardware version of the device in the OTA
Update Information file. The value is managed by the manufacturer, and is set to 0 by default.

e  OTA_INFO_REGION_PRODUCT_ID: Manufacturer specific 1-byte field that can be used to provide additional
information regarding the type of device to be updated. For example, this field can be used to identify region
specific versions of a product, or different SKUs based on the same hardware. This field is included in the OTA
Update Information file.

5.6.4 Authentication

The example code supports passthru authentication only. For more details on ANT-FS authentication types, refer to the
ANT-FS Technical Specification. Pairing/passkey authentication are not supported in the current version.

5.6.5 Over the Air Update Information File

The ANT Bootloader/DFU example demonstrates the use of an OTA Update Information file to provide information about
the current application, bootloader and SoftDevice version that are installed on the device. The version string for the
SoftDevice is populated by the bootloader, queried from the SoftDevice through sd_ant_version_get(). The version string
for the bootloader is hard coded, and can be configured in version.c. The version string for the application version must be
configured from the application, using ant_boot_settings_api.

5.6.6 Passing information between Application and Bootloader

The example code reserves a memory block located towards the end of the flash memory page to allow passing parameters
between application and bootloader, even across power cycles. The parameters are stored in the ant_boot_settings_t
structure, and include:

e app_version: Application version string (UTF-8), as reported by the OTA Update Information file. The maximum
length of this string is 16; any unused characters must be set to the null character.

e app_size: This value can be used to indicate the size of the current application. The size is used to determine
whether the current application can be preserved in the event of an update failure. If unknown, set to
OxFFFFFFFF; the bootloader will not attempt to preserve the existing application in this case.

e param_flags: The parameter flags is a 32-bit bitfield which contains control and status flags.

e  Table 5-15 describes the format of this bitfield.
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Table 5-15. Parameter flags

Bit(s) Field Value Description

32-3 Reserved All bits set to 1 N/A

This field is used internally by the bootloader to
determine whether bootloader mode will be bypassed
upon startup. This field can be used by the
application to indicate that the device should start in
bootloader mode on reset, by setting it to value 0x10.
The bootloader will automatically set this field to
value 0x00 once it has run — if running in bootloader
mode is desired again, the application needs to
explicitly set this field to 0x10 again.

00 = Bypass Bootloader Mode
Done (Reserved for internal
bootloader use)

2.1 ENTER_BOOT 01 = Reserved
10 = Enter Bootloader Mode
11 = Bypass Bootloader Mode Init
(Default after a flash erase)

Important: Applications should not set this field to
any value other than 0x10.
0 = Valid This flag is used to indicate that the memory block
0 PARAM_VALID 1 = Invalid reserved for the ant_boot_settings is populated with
valid values and can be interpreted by the bootloader.

The ant_boot_settings_api is provided to facilitate the implementation of interaction between the bootloader and
application. Refer to the ant_ota_tester project for an example of usage of the ant_boot_settings_api.

5.6.7 Usage
1. Edit antfs.c to make sure that ANTFS_NETWORK_KEY is set to the ANT-FS network key.

2. Insert a CR2032 coin cell battery into the N5 development board. In order to ensure adequate power is supplied
during flash operations, use a new coin cell battery or power the module using a fixed 3.0 V power supply.

3. Load the reference code for the ant_device_firmware_update/bootloader project onto the module, as
described on Section 4. Ignore the missing devices alert message.

Device Support Check - Missing Device(s) L-LhJ

The Project references devices, files or libraries that are not installed.
! % Download and Install:

Third Party Device Support for 'Mordic Semiconductor:
nRF51422 A

(Device not included in Legacy Device Database)

Third Party Device Support for 'Mordic Semiconductor:
nRF51422 A

(Device not included in Legacy Device Database)

4, If no application is present, the bootloader will run automatically. If a valid application is present on the device,
the application will run; to manually start the bootloader, press button D and toggle the reset button.

5. Connect an ANT USB stick to your PC.
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6. Start the OTA Updater application. The status bar at the bottom should indicate “Ready”.

F — ™
a ' OTA Updater - v.10.1 e ——— iy — — - [ -
Connection Settings Authentication Settings
Filter by Manufacturer ID 255 @ Pasz-thru
| Passkey
Filter by Product ID 1

01-02-03-04-05-06-07-08

[T Filter by Serial Number 0

Update Settings

[C] Application Select application image (bin, .hex)... Browse... |
[[] Bootloader Select bootloader image (.bin, .hex)... Browse... |

[C] Wireless Stack Select wireless protocol stack (hex)... Browse... |

Device Information

[ Create .SUF File | [ Connect to Device |

| Read

A p— o = — —

7. Configure the Connection Settings. If filtering by Manufacturer ID/Product ID, these parameters should match
exactly those configured in the bootloader.

8. Configure the Authentication Settings. The bootloader uses pass-thru authentication by default. Passkey
authentication is not supported in this version.

9. Browse for the image to update, and make sure the corresponding checkbox is checked. Both binary and hex
formats are supported. Note that the OTA Updater application does not validate whether the selected image
corresponds to an application, bootloader or wireless stack, so it is imperative to carefully select the type of image,
otherwise, the update process will not work correctly.

10. To test the process, you can build the ant_device_firmware_update/ant_ota_tester project (without
loading it onto the module) and use the resulting hex file as the application image to update. Ignore the missing
devices alert message.

11. Click on “Connect to Device”. Once the bootloader is discovered, the Device Information panel will show
information about the current device, e.g., manufacturer ID, product ID, serial number and versions of images
currently installed on it.

12. Click on “Start Update”. The update process will begin.

13. When the update is complete, the status bar will indicate “Image upload complete. Image will be activated, do not
power down device”.

Optional steps if using the ant_ota_tester application to test the update process:

1. Close the OTA Updater application.
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2.  Make sure an ANT USB stick is connected to the PC

3. Start ANTware

4. Configure Channel 0 as a slave

5. Configure the rest of the channel parameters as follows:

Network Key
Device Number
Device Type
Transmission Type
Radio Frequency

Channel Period

Table 5-16. OTA Tester Channel Parameters

Parameter

Public

0 (wild card)
32

0 (wild card)
2450 MHz
8192 (4Hz)

6. Click Auto-Open

N5 Starter Kit User Manual, Rev 3.0

Value

7. The USB stick should start receiving broadcast data as in the following screenshot.

g ANTware II - v.4.1

Available Devices:
(Click on a device to view its channels)

Device A
USB= 0, Baud 57.6k
SN: 12
Max ANT Channels: 8
Max Networks: 8
Max Data Channels: 0

Device B
USB= 1, Baud 57.6k
SN: 31
Max ANT Channels: 8
Max Networks: 8
Max Data Channels: 0

+

ANT

Refresh

Device A: Channel 0 slaveRx~ID:31215, 32, 5

Mandatory Channel Setup

Channel ID
Release

- 0,32, 0
Device #:
0
Device Ty

32

Trans. Type:
(1]

Pairing

Set ID

Refresh Display Close

Adv Search

Senial

Freq/Prox
Advanced

Encryption
Inc/Exc List

Get ID Get Status

Set Channel Penod

8192 f32768 [s] period or 4 Hz

Set Radio Frequency 2400Mhz + 50 Mhz = 2450 Mhz

fEITEMY Channel 1 Channel 2 Channel 3 Channel 4 Channel 5

Log Files Profiles Settings

Channel 6 Channel 7

4
4e, 00-01-00-00-00-00-CO-FF-EE
Received BROADCAST_DATA_Dx4E
:: 4e, 00-01-00-00-00-00-CO-FF-EE
Received BROADCAST_DATA_0x4E
:: 4e, 00-01-00-00-00-00-CO-FF-EE
Received BROADCAST_DATA_Dx4E
e, 00-01-00-00-00-00-C0-FF-EE
Received BROADCAST_DATA_Dx4E
:: 4g, 00-01-00-00-00-00-CO-FF-EE
Received BROADCAST_DATA_Ox4E
e, 00-01-00-00-00-00-C0-FF-EE
Ri ved BROADCAST_DATA_Ox4E
:: 4g, 00-01-00-00-00-00-CO-FF-EE
Received BROADCAST_DATA_0Ox4E
:: 4e, 00-01-00-00-00-00-CO-FF-EE
Received BROADCAST_DATA_0Ox4E
:: 4e, 00-01-00-00-00-00-CO-FF-EE
Received BROADCAST_DATA_Ox4E
:: 4e, 00-01-00-00-00-00-CO-FF-EE
Received BROADCAST_DATA_Ox4E
:: 4e, 00-01-00-00-00-00-CO-FF-EE
Received BROADCAST_DATA_Dx4E
i 4e, 00-01-00-0 -00-CO0-FF-EE
. ]

Clear Show Pop-out < Scroll to New Msgs

| Messaging B EL

Broadcast | Ack | Burst Extended General
02-FF-FF-FF-FF-FF-FF-01

Cancel Send Acknowledged
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8. To start the bootloader again, select the “Ack” tab, and then set the payload to 02-FF-FF-FF-FF-FF-FF-01
9. Click “Send Acknowledged”.
10. The device will start bootloader mode, and ANTware will lose communication with it.

11. Once in bootloader mode, you can repeat steps 6-13 to perform another update. Make sure to close ANTware to
make the ANT USB stick available to the OTA Updater tool. If no update session is initiated within two minutes of
starting the bootloader, and an application is present on the device, the application will run.
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5.7 ANT Debug Demo

The purpose of the ANT Debug Demo is to show how to utilize debug messages. Debug messages are specially formatted
messages usually sent over a separate ANT channel which convey information about the device which may be useful in
debugging. Debug messages are received by an application such as ObservANT which can decode, display and log the
information. Refer to the ANT Debug reference code and the “ObservANT User’s Manual” for more information about using
debug messages.

This demo uses:
e 1 N5 Development Board to run the reference code
e 1 ANT USB stick connected to the PC application ObservANT to view the debug messages

e Asecond ANT USB stick connected to the PC application ANTware, or a second N5 Development Board running
the I0 Rx Demo

. Master Endpoint

Node B —' Node A .—
Slave Endpoint

ObservANT|

Figure 5-12. ANT Debug Demo Topology

The ANT Debug Demo is essentially just the I0 Tx Demo with an additional channel for debug messages.

5.7.1 Usage
1. Insert a CR2032 coin cell battery into an N5 development board (Node A).

2. Load the reference code for the ant_debug project onto the module, as described on Section 4.
3. Connect an ANT USB stick into a USB port on your PC.

4. Copy the config.txt file included in the ant_debug project directory to the same directory where ObservANT is
installed. This file is used by ObservANT to format the received debug fields.

5. Open the PC application ObservANT
6. Open a channel on ObservANT using the following Channel ID:

Table 5-17. Debug Demo Channel Parameters

Parameter Value
Device Number 0 (wild card)
Device Type 8
Transmission Type 1

Use default values for all the other channel configuration parameters.

7. Observe the debug messages being received by ObservANT. Pressing buttons on the IO board will have an

effect on the debug values.

-
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ChO Dev0 - ObservANT v1.0 l = éj
Profiles
Status
H ] Debug Channel Tracking
. - Device # 332
L S Device Type: F:
g Trans. Type 7
T 0 Legging
66 Descriptor:
8192 Label: Label
[ Close Debug Channel ]
063 64127 | 128191 [ 192-254 | Sticky [ Watch | Debug | Misc. |
Index Description Value Index Description Walue
(] BUTTON A STATUS NOTPUSHED
1 BUTTON B STATUS NOTPUSHED
02 BUTTON C STATUS NOTPUSHED
(] BUTTON D STATUS NOTPUSHED
04 APP TXCOUNT 1536
s GPIO REGISTER LOW  (x550c
[ GPIO REGISTER HIGH (4080
Refresh | [ Setwsich | [ ResetDebugFiter | [ Set DebugFiter | [#] Show Undefined

the boxes next to desired fields and clicking the Set Filter button.

the I0 Demo section to interact with the application channel.

8. Try setting a filter using ObservANT to change which debug fields are transmitted. This can be done by checking

9. Try sending a custom debug command by sending an acknowledged message from ObservANT to the device.
Use the “Send Acknowledged” box under the “Ack” tab. Sending any message with the first byte set to 0x42 will
signal the device to turn on all the LEDs and any other message will turn them all off.

10. Optional: Set up a second N5 Development Board with the Rx I0 demo (Node B) or use ANTware as described in

)
&

DYNASTREAM®
NS

o

INNOVAT

dynastream.com thisisant.com



Page 50 of 64 N5 Starter Kit User Manual, Rev 3.0

5.8 ANT Scalable Channel Demo
The ANT Scalable Channels demo demonstrates how to set up and enable multiple ANT channels using the s210 v5.0.0

SoftDevice. Refer to the release notes for the s210 v5.0.0 and s310 v3.0.0 SoftDevices for more details. The ANT scalable
channel application will open 15 channels by default.

The demo can be used with two N5 development boards (Figure 5-13) or one N5 development board and an N5 module,
loaded with the ANT Network Processor firmware in the N5 SDK 3.0, mounted on an USB Interface board attached to a PC
running ANTwarell (Figure 5-14).

‘ : ‘ Master Endpoint

Node A | (1-15 Channels) |: Node B

l : Slave Endpoint

e —

Figure 5-13. ANT Scalable Demo Topology using two N5 development boards

: ' ‘ Master Endpoint

Node A | (1-15 Channels) |
: Slave Endpoint
. ANTware
OR
l : ‘ Master Endpoint
Node A | (1-15 Channels) |

: Slave Endpoint
‘ ANTware

Figure 5-14. ANT Scalable Demo Topology using an ANT USB stick

On the transmitting (master) device, the pattern of LEDs indicates the number of open transmitting broadcast channels. On
the receiving (slave) device, the pattern of LEDs will indicate the number of tracking channels. For instance, if 4 channels
are tracking, the LED pattern will be 0100 (see photo below).
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5.8.1 Usage with two N5 development boards
1. Insert a CR2032 coin cell battery into an N5 development board (Node A).

2. Load the reference code for the ant_scalable\tx project onto the module, as described on Section 4.
3. Insert a CR2032 coin cell battery into a second N5 development board (Node B).
4, Load the reference code for the ant_scalable\rx project onto the module, as described on Section 4.

5. On the transmitting device (Node A), the pattern of LEDs indicates the number of open transmitting broadcast
channels.

6. On the receiving device (Node B), the pattern of LEDs will indicate the number of tracking channels.

5.8.2 Usage with ANTwarell

Note: To track up to 15 channels on ANTwarell, you must use an N5 module, loaded with the ANT Network Processor
firmware from the N5 SDK 3.0, mounted on an USB Interface board, see Updating the Network Processor on the N5 module

1. Insert a CR2032 coin cell battery into an N5 development board (Node A).

2. Load the reference code for the ant_scalable\rx project onto the module, as described on Section 4.
3. Open the ANTware tool.

4. Configure Channels 0-14 as a Master.

5. Set the Channel ID of each channel to the following values:

Table 5-18. Scalable Demo Channel ID

Parameter Value
Device Number Channel number + 1
Device Type 2
Transmission Type 1

6. Open each channel with default values for all the other channel configuration parameters to begin transmission.
7. On the receiving device (Node A), the pattern of LEDs will indicate the number of tracking channels.

Note: This example can be run with Node A as the master, and ANTware as the slave. This is done by following the
steps above, with these modifications:

Step 2: Load the reference code for the ant_scalable\tx project onto the module, as described on Section 4.
Step 4: Configure Channels 0-14 as a Slave.

Step 6: Open each channel with default values for all the other channel configuration parameters to begin
searching.

Step 7: On the transmitting device (Node A), the pattern of LEDs will indicate the number of open transmitting
channels.

Step 8: Once the two modes have paired, the received messages can be viewed on each of the 15 channels in
ANTware.
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5.9 ANT Scalable Encrypted Channel Demo

The ANT Scalable Encrypted Channels demo demonstrates how to set up and use up to 15 encrypted ANT channels on an
the N5 development board.

The demo can be used with two N5 development boards (Figure 5-15) or one N5 development board and an N5 module,
loaded with the ANT Network Processor firmware in the N5 SDK 3.0, mounted on an USB Interface board attached to a PC
running ANTwarell (Figure 5-16).

' : ‘ Master Endpoint

Node A | (1-15 Channels) |: Node B

l : Slave Endpoint

e —

Figure 5-15. ANT Scalable Encrypted Demo Topology using two N5 development boards

: . ‘ Master Endpoint
Node A | (1-15 Channels) |
: Slave Endpoint
. ANTware
OR
. : ‘ Master Endpoint
Node A | (1-15 Channels) |
: Slave Endpoint
‘ ANTware

Figure 5-16. ANT Scalable Encrypted Demo Topology using an ANT USB stick

On the transmitting (master) device, the pattern of LEDs indicates the number of open transmitting encrypted channels. On
the receiving (slave) device, the pattern of LEDs will indicate the number of channels which have been decrypted. For
instance, if 4 channels are tracking, the LED pattern will be 0100 (see photo below).
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5.9.1 Usage with two N5 development boards
1. Insert a CR2032 coin cell battery into an N5 development board (Node A)

2. Load the reference code for the ant_scalable_encrypted\tx project onto the module, as described in Section 4
3. Insert a CR2032 coin cell battery into a second N5 development board (Node B)
4. Load the reference code for the ant_scalable_encrypted\rx project onto the module, as described in Section 4

5. On the transmitting device (Node A), the pattern of LEDs indicates the number of open transmitting encrypted
channels.

6. On the receiving device (Node B), the pattern of LEDs will indicate the number of channels which have been
decrypted.

5.9.2 Usage with ANTwarell

Note: To track up to 15 channels on ANTwarell, you must use an N5 module, loaded with the ANT Network Processor
firmware from the N5 SDK v3.0, mounted on an USB Interface board, see Updating the Network Processor on the N5
module

1. Insert a CR2032 coin cell battery into an N5 development board (Node A).

2. Load the reference code for the ant_scalable_encrypted\tx project onto the module, as described in Section 4.
3. Open the ANTware tool.

4. Open the device panel.

5. Enable advanced burst.

& ANTware II - v4.1

SBANT

?;SIL?EIEEEE:IESEE channels) Refresh Channel 8 Channel 9 Channel 10 Channel 1
|_channelo S TR Channel 2 Channel 3

Device A Dev’

USB=# 0, Baud 57.6k -

i Device A

Max ANT Channels: 15 M [ -

Macc N A= Feedback display:
il Configure Advanced Burst:
Advanced Bursting enabled
MaxPackets = 3

Max Data Channels: 0 Release

Required

Optional Fields = 0 l ADV._BURST_CONFIG_0x78, Ch:0
ADV_BURST_CONFIG_0x78, Ch:0 ::40, 00-78-00

::40, 00-78-00

Clear More + Scroll to New Msgs

Info/Net Manual Cha/Dbg Pwr/cw FEM

Clear More v Scroll to New Msgs

+ Advanced Device Controls

Encryption SDU  Ewvent lacly. Burst
[ Standard =0

Pclts/AntMsg 3

Required Fields Optional Fields
Frequency Hop Frequency Hop

SC

P & Enable Disable " Set Config |

Get ID Get Status
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6. Set the Encryption Key to 03-01-04-01-05-09-02-06-05-03-05-08-09-07-09-03.

Device A

Feedback display:

Configure Advanced Burst:
Advanced Bursting enabled
MaxPackets = 3
Required Fields = 0
Optional Fields = 0

ADV_BURST_CONFIG_0x78, Ch:0
::40, 00-78-00

Set active encryption key to:
03-01-04-01-05-09-02-06-05-03-05-08-09-07-09-03
SET_ENCRYPTION_KEY_Ox7E, Ch:0
::40, 00-7E-00

Clear More ¥ Scroll to New Msgs

4 Advanced Device Controls
o) S0U  Event Adv. Burst

03-01-04-01-05-09-02-06-05-03-05-08-09-07-09-03

Active Encryption Key Set

Encryption Key from NVM: o v
Load to Active Key Memory

7. Configure Channels 0-14 as a Slave.

8. Set the Channel ID of each channel to the following values:

Table 5-19. Scalable Encrypted Demo Channel ID

Parameter Value
Device Number Channel number + 1
Device Type 2
Transmission Type 1

9. Open each channel with default values for all the other channel configuration parameters to begin transmission.
10. Notice how each channel is receiving garbled broadcast data.

11. While the channel is open, enable the encryption for each of the channels.
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4e, 03-00-00-00-00-00-00-00-43
Received BROADCAST_DATA_Ox4E
:: 4e, 03-00-00-00-00-00-00-00-44
N

Clear Show Pop-out ¥ Scroll to New Msgs

fm—— Simulation
| Broadcast | Ack Burst Extended General

00-00-00-00-00-00-00-00 v

Set Broadcast

12. Notice how after encryption was enabled on each channel, the broadcast messages are decrypted, with the last
byte of the payload increasing in every message.
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5.10 ANT Scan and Forward Demo

The Scan and Forward Demo demonstrates how to construct a multi hop adhoc network where messages can be relayed
across the network to extend the range. This demo uses a background scanning channel and an ANT master channel to
listen for and repeat a sequence of messages. Each time a node sends an update, it is received and repeated by other
nodes in range, allowing the message to reach nodes placed at the far end of the network.
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The demo can be used with two or more N5 development boards (Figure 5-17)

5.10.1 Usage

1.

2.

—

NodeC I

)
4
Node E .\
|
L 1
\ ‘ Master Endpoint
4

‘ Background Scanning Endpoint
NodeD !

L |

Figure 5-17. ANT Scan and Forward Demo Topology

Insert a CR2032 coin cell battery into X number of nodes N5 development boards (Node A — Node X)

Load the reference code for the ant_scan_and_forward project onto the modules, as described in Section 4.

Scatter the nodes in the desired placement, making sure that each node is within the range of at least one other

node.

Press the buttons on the any of the nodes to interact with the network

O 0O @ >

Table 5-20. Function of Scan and Forward Buttons

Button

Command

Current Node — LED on
Current Node — LED off
All Nodes — LED on
All Nodes — LED off

DYNASTREAM®
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5.11 ANT Asynchronous Controller using Continuous Scanning Mode Demo

The Asynchronous Controller using Continuous Scanning Mode Demo demonstrates how to use continuous scanning to
asynchronously send a message to the nearest device. In Figure 5-18 the controller (Node A) is in range to receive
messages from nodes C, D and E. The controller uses continuous scanning mode to identify the node with the strongest
RSSI and sends back a command message to that node in the reverse direction. For demonstration purposes, the
asynchronous controller demo is intended to be used in conjunction with the Scan and Forward Demo from Section 5.10,
but can be adapted to other control applications.

The demo can be used with three or more N5 development boards or one N5 development board and one ANT USB stick
attached to a PC running ANTwarell.

Node A ‘w \. Node D
| L \
1
) Node F '\
] Node C .‘
NodeB I S
L 1
\ . Master Endpoint
4
‘ ' Background Scanning Endpoint
NodeE I
‘ Slave Endpoint
|

Figure 5-18. ANT Asynchronous Controller Demo Topology using N5 development boards

Table 5-21. Function of LEDs on Controller

Hardware Function

LED A Turns on when continuous scanning is active

Toggles when DEVICE_STATUS_PAGE is received on

LED B . .
continuous scanning channel

Turns on if no Nodes were found sending a

LED C
DEVICE_STATUS_PAGE after continuous scanning

5.11.1 Usage with Scan and Forward Demo
1. Insert a CR2032 coin cell battery into an N5 development board (Node A)

2. Load the reference code for the ant_async_controller project onto the module, as described in Section 4
3. Insert a CR2032 coin cell battery into X number N5 development boards (Node B — Node X)
4, Load the reference code for the ant_scan_and_forward project onto the modules, as described in Section 4

5. Separate the nodes in a configuration of your choice. Distances greater than 2 meters provides the best
experience.

\ ) dynastream.com thisisant.com
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6. On the controller device (Node A), when a button is pressed, the corresponding command is send into the network
of nodes

Table 5-22. Function of Asynchronous Controller Buttons

Button Command

Closest Node — LED on
Closest Node — LED off
All Nodes — LED on
All Nodes — LED off

O O @ >

7. On the network nodes (Node A — Node X), the LEDs will turn on or off based on the command received from the
controller

5.11.2 Usage with ANTwarell
1. Insert a CR2032 coin cell battery into an N5 development board (Node A).

2. Load the reference code for the ant_async_controller project onto the module, as described in Section 4.
3. Insert one ANT USB stick into your computer.

4, Open the ANTware tool.

5. Configure Channel 0 as a master.

6. Set the Channel Parameters to the following values.

Table 5-23. Asynchronous Controller Demo Channel Parameters

Parameter Value
Device Number 1
Device Type 1
Transmission Type 21
Channel Period 16Hz (2048)
Radio Frequency 2477MHz

7. Set the broadcast message to 20-01-00-00-00-00-00-00 (The second byte of the broadcast message matches the
device number)

8. Open the channel.

9. Pressing a button on the Controller (Node A) will send a command which can be seen in the ANTware message
window as an acknowledged message.

\ ) dynastream.com thisisant.com
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Available Devices:
(Click on a device to view its channels)

Device A
USB# 0, Baud 57.6k

Max Data Channels: 0

::40, 00-4C-00
CHANNEL_STATUS_0x52
::52, 00-11
CHANNEL_ID_0x51

::51, 00-01-00-01-15

Clear More + ¥ Scroll to New Msgs
AP Manual Cla/Dbg Pwr/CW Adv
00-00-00-00-00-00-00-00

Set Network Key onNet# 0 v

Enable Ext Msg Details on Receive

Get Version Get Senal #

AANT
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Log Files

PoTP™TY Channel1 Channel2 Channel 3 Channel4 Channel 5 Channel 6 Channel 7

Device A: Channel 0 MasterClosed~ID:1, 1, 21

Mandatory Channel Setup

Channel Assignment Channel ID

# Master (Transmit)
Slave (Receive) <1121
Device £
(1
Device Type:
1
Trans. Type:
21
Pairing

Set ID

Auto-Open

Refresh Display

Encryption Adv Search
Inc/Exc List Serial

Freq/Prox
P advanced

Get ID Get Status

Set Channel Penod 2048 /32768 [s] period or

Set Radio Frequency 2400Mhz + 77 Mhz = 2477 Mhz

: 40, 00-01-03
EVENT_TX_0x03
20-01-00-00-00-00-00-79
:: 40, 00-01-03
EVENT_TX_0x03
20-01-00-00-00-00-00-7A
:: 40, 00-01-03

20-01-00-00-00-00-00-78
13 48;00-01-03

( R’e;elved ACKNOWLEDGED_DATA_Ox4F

: 4f, 00-10-FF-01-FF-FF-FF-FF-0
_1TX

EVENT_TX _0x03
20-01-00-G°-00-00-00-7D
40, 00-01-03
EVENT_TX_0x03
20-01-00-00-00-00-00-7E
:: 40, 00-01-03
EVENT_TX_0x03
20-01-00-00-00-00-00-7F
: 40, 00-01-0
EVENT_TX_0x03

Clear Show Pop-out v Scroll to New Msgs

| Messaging | Simulation
| Broadcast | Ack Burst Exterded General

01}-20-00-00-00-00-00

Set Broadcast

Received Message from
Controller

Matching Device
Number
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6 Changes when switching from N5 Starter Kit SDK 2.0 to 3.0

6.1 Migrating projects from N5 Starter Kit SDK 2.0 to 3.0

The N5 Starter Kit SDK v3.0 supports the SoftDevice s210 v5.0.0 that allows for up to 15 encrypted channels. A new

SoftDevice API function was introduced to enable the configuration of multiple ANT channels; please refer to the release
notes for the SoftDevice s210 v.5.0.0 for more details on this feature. Projects built using the N5 Starter Kit SDK 2.0 and
using more than one channel must be updated. Refer to Section 5.8 for an example on how to enable multiple channels.

6.2 Updating the Network Processor on the N5 module
Follow these steps to updatean N5 module to the required version of the network processor:

1. Remove the N5 module from the ANT USB interface board.

2. Program the N5 module with SoftDevice v5.0.0 as described in Section 3, however do not use the I/O board as
described. Instead connect the N5 module directly to the battery board.

3. After completing the last step (step 14) of Section 3

4, Click on the “Program Application” tab

5. Click the “"Browse...” button and navigate to:
C:\Keil_v5\ARM\Device\Nordic\examples\n5_series\s210\ ant_network_processor_s210

6. Open the Network Processor hex file (eg. ant_network_processor_s210.hex)

7. Click the “Program” button in the “Program Application” tab to program the network processor application onto the
N5 Module

8. Remove the N5 module from the battery board.

9. Stack the N5 module back onto the ANT USB interface board.

\ ) dynastream.com thisisant.com
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7 Running Nordic examples on the N5 Starter Kit

The Nordic nRF51 SDK provides a layer of abstraction from the board that easily allows the developer to write code that
runs on multiple boards; eliminating the need to know about how the pins are assigned on a specific board. This layer of
abstraction occurs within their Board Support Package (BSP). There are some limitations of portability as some development
boards may offer different functionality such as more/less LEDs or buttons. If the example code is compatible to run on the
N5 development board, the layer of abstraction allows us to easily modify an example from the Nordic SDK to run on the N5
development board.

7.1 Considerations when converting Nordic example to run on the N5 Starter Kit
Here are some general considerations that should be thought of before switching a Nordic example to run on the N5 starter

kit. A detailed example of converting a Nordic project to run on the N5 Development Board is shown in Section 7.2.

e Is the project compatible to run on the N5 development board?

Not all of the Nordic demo projects will run on the N5 development board. As an example, the N5 Starter Kit does not
include the necessary peripherals to run the temperature example.

o Selecting the correct project file

It is important to open the correct project file as Nordic has provided a variety of project configurations based on
whether the nRF51 SDK was installed with/without Keil packs. When opening Keil projects developed by Nordic, do not
open the pVision Multi-Project file located in the base directory of that specific example. Instead open the “pcal0028”
folder, and open the “arm5_no_packs” folder. Inside the “arm5_no_packs” folder you will find the correct pVision5
Project file.

o Copy the Target Settings

Once the correct project has been opened, the first thing that should be done is to take note of ALL the Target
information for the specific project. If the targeted device is changed, these settings will be reset and must be re-
entered to have proper functionality of the example. (Step 6 & 9 in updating blinky example)

¢ Updating the Targeted Device

Once the Target information has been recorded, the targeted device should be changed to "nRF51422_xxAA". The N5
modules included in the Starter Kit use the first revision of the nRF51422 silicon chip and to ensure proper functionality
the project should be adjusted to target that version. (Step 7 & 8 in updating blinky example).

¢ Updating the Target Information

After changing the Device you must reconfigure the Target settings to what they were before the Device was changed.
(Step 9 in updating blinky example).

¢ Updating the Flash Tool

Once changing the targeted device you will have to reconfigure the SEGGER J-Link programmer. (Step 13-19 in
updating blinky example).

¢ Ensure the correct SoftDevice is present

It is vital to ensure that the correct SoftDevice is programmed to the N5 module (using nRFgo studio in Section 3)
before the application is flashed onto the N5 module. For example, all of the Reference Design Demos (Section 5)
outlined in this document must have the SoftDevice s210 version 5.0.0 present to run properly. In Section 7.2 we were
required to erase the SoftDevice off the N5 module to properly run the blinky example.

\ ) dynastream.com thisisant.com
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7.2
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Updating the Nordic blinky example to run on the N5 Starter Kit:

Note: Proceeding with these instructions will erase the SoftDevice from the N5 Development board. This will require you to

reprogram the SoftDevice as described in Section 3 afterwards to properly run the Reference Design Demos (Section 5)

outlined in this document.

1.

2.

10.

11.

12.

13.

Prepare the hardware and connect it to the computer as described in steps 1-6 of Section 3.

Skip steps 7-11, and complete step 12.

Skip steps 13-14, and quit nRFgo studio.

Locate the project. If the default locations were used during installation you will need to double click on the
following file: C:\Keil_v5\ARM\Device\Nordic\examples\peripheral\blinky\pca10028\blank\arm5_no_packs\

blinky_blank_pca10028.uvprojx

Right click on the “nrf51422_xxac” folder in the “Project Window” and select "Options for target 'nrf51422_xxac"

Click on the “Target” tab and record ALL the settings on this window. You will need to re-enter these settings after

they reset when the device is changed.

Click on the “Device” tab.

Select Nordic Semiconductor -> nRF51 Series -> nRF51422_xxAA.

Switch back to the “Target” Tab and re-enter the settings you recorded from the previous device.

Click on the “C/C++" tab

Change "BOARD_PCA10028" to "BOARD_N5DK1"” in the “Define:” text box.

Click on the “Debug” tab.

Select "J-LINK / J-TRACE Cortex” from the dropdown menu.

==

Device l Tanget ] Output ] Listing ] User ] Cftﬂl Asm ] Linker Debug ] Lkilties ]

(™ Use Simulatar
[ Limit Speed to Real-Time

I¥ Load Application at Startup
Initiglization File:

Seftings || ™ Use: |LILINK2FMECDrtex Debugger j Settings

¥ Load
Initizlizatia

¥ Run to maind

Restore Debug Session Settings
[+ Breakpoints

[+ Memaony Display

[v Toolbox
[+ Watch Windows & Peformance Analyzer
[v System Viewer

TR |

Restore
[+ Brg

ULIMKZ/ME Cortexc Debugger &
Altera Blaster Cortex Debugger [—
Stellanis 1CDI
Signum Systems JTAGjet
J-LIMK / J-TRACE Cortex
ULINK Pro Cortex Debugger
MULink Debugger

Silabs UDA Debugger
ST-Link Debugger
CMSIS-DAP Debugger

Fast Models Debuagger &

b main()

=N

v W

[v Memory Display

CI WVIMaoWS

v System Viewer

Step 15

Step 13

14. The N5 Development Board should be powered on and connected to the SEGGER J-Link before completing Step 15.

15. Click on “Settings” located to the right side of the drop down menu.

16. Inthe “J-Link / J-Trace Adapter” section set “Port:” to SW.

DYNASTREAM®
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17. Check that the SW device was detected.

18.

19.

20.

21.

22,

Debug |T|E|ce | Plash Download |
—J-Link / J-Trace Adapter
SN:  [518109587 ~|

Device: I J-Link Lite-Cortesx-M

HW: | vBDD  di:| V436d
FW:  |J-Link Lite-Cortes-M V8 compi
Port: Max Clock:

futo Clk |

, |
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(% Automatic Detection

4dd | Delete | | Update |

= Manual Configuration Device Mame: I

— SW Device
IDCODE | Defice Name | tove
SWD | & OBE11477 ZARM CoreSight SW-DP Up |

Downl
D CODE: I

IR let: I

Click on the “Flash Download” Tab.

a. If there is no Programming Algorithm listed, click “Add”

b. Select nRF51xxx

c. Click “Add”

Click “OK".
Click the “Rebuild” icon.

Click the “Load” icon.

Step 17

Check to see if there is a Programming Algorithm.

Step 16
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8 Appendix 1 — A Note from Segger

A SEGGER J-Link Lite Cortex-M is included in this kit. The J-Link Lite is a very small \

form factor debug probe which is software compatible to the widely acknowledged

J-Link line. This device has a JTAG clock of up to 2 MHz. It supports SWD and - } /
SWO. The J-Link Lite is only delivered and supported as part of a starter kit, which S E G G E R

includes an evaluation board. It is not sold separately. It may only be used with
the evaluation board it came with. The SEGGER public forum is available at:
http://forum.segger.com/.

When you have completed your use of the J-Link Lite while working with this starter kit
and are ready to move to a full debug probe and/or production flash programmer, we are
confident you will find one of the following SEGGER solutions a perfect fit.

J-Link PRO J-Link ULTRA+

Debug Probe with USB and Ultra Fast Debug Probe Debug Probe
Ethernet interface Includes all software enhancement Includes all software enhancement
Includes all software enhancement modules modules
modules
J-Link BASE J-Link EDU

SEGGER also offers a full featured RTOS
and middleware offering (File System,
USB Stack, TCP/IP Stack, and Graphics
Package).

Additional information may be found at:

www.segger.com and:
www.segger.com/debug-probes.html

Debug Probe Educational Use Debug Probe

Flasher ARM Flasher Portable

H——
/SEGGER

Production Flash Programmer Portable Flash Programmer
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