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1 Introduction

The nRF51422 ANT™ Evaluation Kit (EK) provides a complete solution for testing and evaluating the
nNRF51422 device. The nRF51422 is part of the nRF51 series which offers a range of ultra-low power, System
on Chip (SoC) solutions for your 2.4 GHz wireless products.

1.1 Minimum requirements

« nRFgo Studio v1.14 or later
« Computer with a minimum of 2 USB ports
« Windows XP or Windows 7

1.2 External resources

+ Keil MDK-ARM Lite v4.54 or later https://www.keil.com/demo/eval/arm.htm
« J-Link Software v4.52b or later http://www.segger.com/jlink-software.html

1.3  Writing conventions

This User Guide follows a set of typographic rules that makes the document consistent and easy to read.
The following writing conventions are used:

- Commands are written in Lucida Console.

« Pin names are written in Consolas.

« File names and user interface components are written in bold.
« Internal cross references are italicized and written in semi-bold.

1.4 Evaluation kit release notes

Date Kit version Description
January 2013 2.0 Fixed known issue in kit v1.0.
November 2012 1.0 Known issues

PCA10003 v1.0:
- The antenna matching network and layout on these boards is suitable for
applications using TX output power 0 dBm or less. These boards are not
suitable for applications using +4 dBm TX output power.
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2 Kit content

The nRF51422 Evaluation Kit consists of hardware and access to software components, documentation, and
design files from www.nordicsemi.com. The S210 nRF51422 SoftDevice is pre-programmed on the chip and
cannot be deleted or modified.

2.1 nRF51422 Evaluation Kit hardware content

1 x Litium 3 V battery
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Thank you for purchasing a
Nordic Semiconductor product.

Please download and read the User Guide before you begin.
The instructions are on the back of this card.

BEs if tiwed By

03-2020

WA

1x nRF51422 EK board 1x ANTUSBdongle
(PCA10003) (nRF2779)

Figure 1 nRF51422 Evaluation Kit hardware content
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2.2 Downloadable content

The nRF51422 Evaluation Kit includes firmware source code, documentation, hardware schematics, and
layout files. To access this information, log in to your My Page account, enter your product key, and
download the files. Instructions can be found in chapter 3 on page 6.

2.2.1 nRF51422 software

« nRFgo Studio

« nRF51 Software Development Kit (SDK)
« Precompiled HEX files
«+ Source code
« Keil ARM project files

« ANTwarelll

2.2.2 nRF51422 documentation

« NRF51422 Evaluation Kit User Guide

« nRF51 Series Reference Manual

« nRF51422 PS

« 5210 nRF51422 SoftDevice Specification
« NRF51422 PAN

« ANT APl documentation

223 Schematics, Bill of Materials, PCB layout files, and production files

The ZIP file and its subdirectories contain the hardware design files for the Evaluation Kit.

« Altium Designer files

+ Schematics

- PCB layout files

+ Production files
+ Assembly drawings
« Drill files
« Gerber files
- Pick and Place files
« Bill of Materials
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3 Quick start

This section shows you how to set up the nRF51422 Evaluation Kit and provides example applications to
help you start programming your device.

Register, download, and install

1. If you have Keil MDK-ARM Lite already installed, go to step 2. Otherwise, download and install Keil
MDK-ARM Lite from https://www.keil.com/demo/eval/arm.htm to your hard drive. Keil downloads
to c:\Keil\ unless you change the location when installing.

2. Download and run the J-Link Software and documentation pack for Windows from
http://www.segger.com/jlink-software.html. The serial number from your SEGGER J-Link hardware
is needed to identify your device.

3. During installation you will be prompted to select the IDE that should be updated with the latest
SEGGER DLLs. Check the box for Keil MDK and any other IDEs you want to use with SEGGER.

JEJ] SEGGER J-Link DLL Updater V4.52¢ 5

The fallowing 3rd-party applications using JLink&RM . dil have been found:

18R Embedded Workbench for ARM, 640 [DLL 4,528 in "C:\Program Files [86]\AR SvstemshEmbadded Wiorkbench B.4 Kickstarth AR b bin™)
Atmel Studio 6.0 [DLL W4.52b in "C:\Program Files [x86]%Atmeladtmel Studio B.0%avidbg'™)
Fed MOE. V4,54 [DLL W4.53b in "C:A\ el aRMYS egger]

Select All Select None

Select the ones you would ke to replace by thiz version,
The previous verzion will be renamed and kept in the same folder, allowing manual "unda'’.
In caze of doubt, do not replace existing DILL[s].

You can abways perform thiz operation at a later time via start menu.
Ok Canhicel

Go to www.nordicsemi.com and log in to your Nordic My Page account.

Select My Products from the left menu. This takes you to the My Products page.

Enter the product key (included with this kit) into the Product Key field and click Add.

From the Add product box, select the product name and click Add.

Click the Downloads link in the Overview, My Products table.

Download and run the nRF514 SDK installer. Make sure to choose the Keil MDK-ARM installer
option.

© 0N A
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3.1 Install the nRF51422 Evaluation board (PCA10003)

Connect the hardware

1. Connect a USB cable from the PCA10003 board to your computer.

nRF_Reset

LBt

nRF current| + ]

measurementn

mk""TechnoIogy
WWW.. segger.com

c22

[ EEEEEERLEEEE
I::lczsxa
P .16—PO. 23 PO 24—P0 31 5"539 g}

Button 0 e
IIII o I l gggﬁnE "lwz .
"GND 4. g ‘

ﬁn[ | ]Lm !

?2
=
@)
3
-
o

(7]
m
=
5]
=]
=
=]
(=
(2}
9
<]
A

ANUL0L0 VOOOAE(JWI :

LED 1 Button 0 Button 1

Start the Blinky project

1. Locate the Blinky project found under
<keil path>\ARM\Device\Nordic\nrf51422\Board\pca10003\blinky_example\arm.

2. Open the Blinky project in Keil uVision by double clicking the blinky.uvproj file.

3. Select nRF51422 from the Select Target list and click Build or press F7 to compile the Blinky
project.

4. C(lick the Load icon to download and run the Blinky example firmware. LED 0 and LED 1 on the
PCA10003 should now blink sequentially.
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3.2 ANT Link demo

Download and install ANTware Il

1. Go to www.nordicsemi.com and log in to your Nordic My Page account.
2. Download and install ANTware Il.

Plug in the ANT dongle

1. Plug the ANT dongle (nRF2779) into your computer with a USB cable. The driver installation will
start automatically.

Start the ANT TX broadcast example

1. Go to the ANT Broadcast TX project found under <keilpath>
\ARM\Device\Nordic\nrf51422\Board\pca10003\ant\ant_broadcast\broadcast_tx\arm.

2. Open the project in Keil pVision by double clicking the ant_broadcast_tx.uvproj file.

Click the Build icon or press F7 to compile the project.

4. Click the Load icon to download and run the Broadcast example firmware.

w

Note: LEDO indicates ANT is transmitting and LED1 indicates that the device is idle.

Page 8 of 47


www.nordicsemi.com

NORDIC

SEMICONDUCTOR nRF51422 Evaluation Kit User Guide v1.1

>

Start ANTware Il and configure the ANT channel

Below is an example of how to set the Slave setting in ANTware II.

Select ANT dongle (Device A).

Set Channel Assignment to Slave.

In the Channel ID window, set Device # to 0, set Device Type to 0, and set Trans. Type to 0.
Click Auto-Open.

Bl

Monitor the traffic in the ANTware Il

Received Broadcast Data is shown in the feedback window, showing packets coming from the ANT
Broadcast TX. A counter is added on the two last digits and will increase by one for each packet received.

Log Files Profiles Settings Help

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

Device A

Max Data Channels: 0
Capabilities:

~Private Networks
~Serial Number

-Per Channel Tx Power
~Lowr Priority Search
~Search List

-Extended Messaging
-Scan Channel Support
~Ext Channel Assignment
~Proximity Search

+

BANT

Refresh [EFTETY Channel1 Channel 2 Channel 3 Channel 4

Device A: Channel 0

Mandatory Channel Setup

SlaveRx~ID:2, 2, 1

Channel ID

- 0,00
Device #:
(1]
Device Type:
(1]
Trans. Type:
(1]

Release

Pairing

Set ID

Refresh Display Close

™ Advanced Inc/Exc List  Device Specific

Get ID Get Status

Set Channel Period 8192 /32768 [s] periodor 4

Set Radio Frequency 2400Mhz + 66 Mhz= 2466 Mhz
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4 Evaluation kit configuration

This chapter shows where to download third party content and how the development environment is set
up.

4.1 Development environment

ARM compiler/IDE (not included in this kit)

All the source code projects and examples can be compiled and used with the Keil Microcontroller
Development Kit (MDK). For full use of the Development Kit source code projects, and to upgrade firmware,
download and install the free KEIL MDK-ARM Lite from https://www.keil.com/demo/eval/arm.htm.

J-Link OB driver (not included in this kit)

For installing drivers for the integrated SEGGER chip, visit http://www.segger.com/jlink-software.html. You
will be asked to enter your SEGGER serial number before the download will begin. You must correctly install
the drivers for the device to use the J-Link debugger with Keil MDK. See Appendix A: “Installing drivers and
configuring KEIL projects for the SEGGER debugger” on page 40.

4.1.1 Development environment setup

The nRF51422 device can be programmed from several environments. This section shows the development
setup using Keil MDK-ARM.

The nRF51422 EK can be configured for standard ANT profile-based applications. For development or
demonstration of standard ANT profile-based applications, you need:

« 1xnRF51422 Evaluation board (PCA10003)
« 1xnRF2779 (AP2) dongle
« ANTware Il PC software

Figure 2 on page 11 show the relationship between the hardware and software components, and the
Evaluation board.

Note: The Keil pVision IDE is not included in the kit content.
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Examples and Applications
written for Keil

D@ o mr el

g
/ o]
[Bukd Output o @
nRF2779 AP2
Keil yVision IDE Dongle
2 usB
A

Control and monitor

ANTware

Figure 2 nRF51422 Evaluation Kit configuration
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5 Hardware description

This chapter describes the nRF51422 Evaluation Kit hardware.

5.1 nRF51422 Evaluation Kit board (PCA10003)

The nRF51422 Evaluation Kit board (PCA10003) is a standalone nRF51422 ANT evaluation board with an
integrated debugger from SEGGER.

Note: Itis not possible to erase or upgrade the SoftDevice on this chip.

5.1.1 Key features
The nRF51422 EK board (PCA10003) has the following key features:

« NRF51422 flash based ANT™ SoC solution

« Buttons and LEDs for user interaction

« 1/0 interface for plug-in modules

SEGGER J-Link OB programming and debugging capabilities
USB to UART bridge

5.1.2 Hardware pictures
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Figure 3 PCA10003 top
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Function

Figure 4 PCA10003 bottom

5.1.3 Block diagram

GPIO < » LEDs
Battery RESET Buttons
Current VCC_nRF
External supply measurement
\ Antenna
SWD
Voltage regulator < >
fVBUS Segger OB nRF51422 » Matching network |
Data UART
USB
Osc Osc

32.768 kHz 16 MHz

Figure 5 PCA10003 module block diagram

5.1.4 Reset button

The EK board (PCA10003) is equipped with a reset button (SW3) for the nRF51422. When debugging the
NRF51422 using the J-Link OB, you should use the reset functionality built into the computer software.
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5.1.5 Power supply

The EK board (PCA10003) has several power options:

+ USB (see Figure 6)
+ External power supply through P1 (1.8 V to 3.6 V)
« CR2032 coin cell battery (see Figure 7)

Figure 6 USB and external power supply

Coin cell battery holder

Figure 7 Coin cell battery supply
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The 5V from the USB is regulated down to 3.3 V through an on-board voltage regulator. The battery and
external power supply is not regulated. The power sources are routed through a set of diodes (D1A, D1B,
and D1C), where the circuit is supplied from the source with the highest voltage.

VCC_ 10
VCC nRF R4
P1 J R8
1 OR N.C.
’ V3 DIA SBS VCC_nRF
3 N T
4

og:elr)bridge

A
SD103ATW-7-F S

Pin List 1x4
GND
sv DIB
N
A1
VCC5 —*_LBatl SD103ATW-7-F
Bat Holder CR2032
- GND chc3 DIC
Vin Vout * M
1 1 L . Spiosatwrr
C16 D Cl17 ==C18
1.0uF 1.OpF | 100nF
AP7333-33SAG-7
GND  GND GND  GND
Figure 8 Power supply circuitry
5.1.6 SEGGER SWD disconnect

The SEGGER J-Link OB circuit on the EK board (PCA10003) only works when the board is powered through
the USB connector. To ensure that the J-Link OB will not hold any of the SWD lines while powered down, the
SWD lines will be disconnected automatically when the USB cable is unplugged. However, to disconnect the
SWD lines manually, the board is equipped with a switch (SW4) that disconnects the lines even if the board
is powered through the USB, see Figure 9.

VCC 10
U4 T VCC3
1 3
SWDIO > COM1 9 SW EN C19 SW EN o
T TMS <> NOI INl &— — 100nF o 100k
witc
%g NC2 N2 A SW EN
SWCLK = COM2 3 — =
T TCK > NO2 GND _l GND GND
STG3684A =
GND

Figure 9 SWD disconnect logic

Note: To program or debug the nRF51422 using the SEGGER J-Link OB, the SW4 must be switched to
ON.
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5.1.7 GPIO interface

Access to the nRF51422 GPIOs is available at connectors P3, P4, P5, and P6 on the EK board PCA10003.

P3 P6
P0.00 1 2 P0.01 VCC 10 9 GND
P0.02 3 4 P0.03 8 7 P0.30
P0.04 5 6 P0.05 P0.29 6 5 P0.28
P0.06 7 8 P0.07 P0.27 4 3 P0.26
GND 9 10 VCC P0.25 2 1 P0.24
P4 PS
P0.08 12 P0.09 VCC 10 9 GND
P0.10 3 4 P0.11 P0.23 8 7 P0.22
P0.12 5 6 P0.13 P0.21 6 5 P0.20
P0.14 7 8 P0.15 P0.19 4 3 P0.18
GND 9 10 vCcC P0.17 2 1 P0.16

Figure 10 PCA10003 GPIO pin headers
Note: Some pins have default settings.

+ P0.26 and P0.27 are by default used for the 32 kHz crystal and are not available on the P6
connector. Please see section 5.1.9 on page 18 for more information.

« P0.16, P0.17, P0.18, and P0.19 are by default connected to the buttons and LED. Please see
section 5.1.8 for more information.

- P0.08, P0.09, P0.10, and P0.11 are by default used by the UART. Please see section 5.1.10 on
page 18 for more information.

Page 16 of 47



NORDIC

> SEMICONDUCTOR

nRF51422 Evaluation Kit User Guide v1.1

5.1.8 Buttons and LEDs

The two buttons and two LEDs on EK board PCA10003 are connected to dedicated I/Os on the nRF51422
chip. The connections are shown in Table 1.

Part GPIO Short
Button 0 Po.16
Button 1 P0.17
LEDO P0.18 SB6
LED 1 P0.19 SB7

Table 1 Button and LED connection

If GPIO P0.18 and P0.19 are needed elsewhere, the LEDs can be disconnected by cutting the short on SB6

and SB7, see Figure 11.

i

SB7 W i LD2
(]Jt‘=:::::: SB6 LEIS_C)
Rg LU\

mx il Lot

Figure 11 Disconnecting the LEDs

The buttons are active low meaning the input will be connected to ground when the button is activated.
The buttons have no external pull-up resistor, so to use the buttons the P0.16 and P0.17 pins must be
configured as an input with internal pull-up resistor.

The LEDs are active high, meaning that writing a logical one ('1’) to the output pin will illuminate the LED.

BUTTONO

SW1
PB SW

[} —
@) [
= - -
Z
8 B6 B7
S Solderbridge Solderbridge
M R5 R6
220R 220R
SW2 LD1 LD2
PB SW L0805G L0805G
GND GND GND

Figure 12 Button and LED configuration
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5.1.9 32.768 kHz crystal

NRF51422 can use an optional 32.768 kHz crystal (X2) for higher accuracy and lower average power
consumption. On the EK board PCA10003 module, P0.26 and P0.27 are by default used for the 32.768 kHz
crystal and are not available as a GPIO on the P6 connector.

If P0.26 and P0.27 are needed as normal I/0s the 32.768 kHz crystal can be disconnected and the GPIO
routed to the P6 connector. Cut the shorting track on SB2 and SB3, and solder SB4 and SB5. See Figure 13
on page 18 for reference.

X O
See U
Ci4 =
Zee S
SB Il ¢ B5
Cut | [x2 Solder
SB (¢ B4
M= C13

Figure 13 Disconnecting 32.768 kHz crystal and connecting P0.26 and P0.27 to P6

5.1.10 UART configuration

Table 2 shows an overview of the UART connections on nRF51422 and the SEGGER IC.

nRF51422 SEGGER IC
Default GPIO UART Short UART
P0.08 RTS SB9 CTS
P0.09 TXD SB11 RXD
P0.10 CTS SB10 RTS
PO.11 RXD SB12 TXD

Table 2 Relationship of UART connections on nRF51422 and SEGGER

The UART signals by default are routed directly to the SEGGER chip. To use pins P0.08 to P0.11 for other
purposes than UART to the SEGGER chip, the shorting of the solder bridges should be removed. See Figure
14.

SBS

ﬁ SB11
SB12
Figure 14 Disconnecting UART lines
Note: In order to use the USB to UART bridge, the software on the nRF51422 must enable flow

control. For details on how to set up the UART with flow control see the nRF57 Series Reference
Manual.
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5.1.11 Measuring current

The current drawn by the nRF51422 device can be monitored on the PCA10003. To measure the current, you
must first prepare the board by cutting the shorting of solder bridge SB8.

There are two ways of measuring the current consumption:

1. Connect an ampere-meter between pin 1 and pin 2 of connector P1. This will monitor the current
directly.

Connect an ampere-meter

I
oi'l”7®

i
| ]
nRF current|
NRF_RESET measuremen
£ 3C33 mepyg

. Cut

L=
il o o Nt \_35% b

+

eal
WEE J-Link™Technology
WWW.Segger.com

Icss C22
Cc23 E i
iAa

2. Mount a resistor on the footprint for R4. The resistor should not be larger than 10 Q. Connect an
oscilloscope or similar with two probes on pin 1 and pin 2 on the P1 connector and measure the
voltage drop. The voltage drop will be proportional with the current consumption. For example, if
a 1 Qresistor is chosen, T mV equals 1 mA.

Connect an oscilloscope

o i+ —im: @
nRF_RESET ptsiment T —5 ¢
i measurement Fm. R Cut

W Ul c18

= J-Link™Technology
www.segger.com

acss (o773
Cc23 L_ﬂ ¥
(B |

Mount a resistor
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5.2  nRFready ANT USB dongle (nRF2779)

The nRFready ANT USB dongle (nRF2779) enables you to send data to nRF51422 as well as monitor the data
sent from nRF51422. Software and drivers for the ANT USB dongle install automatically, but are also
available for download from the nRFready ANT USB dongle product page at www.nordicsemi.com. The ANT
USB dongle combined with ANTware Il gives you a peer device for nRF51422 that you can use to test the
wireless connection.

5.2.1 Key features
The nRF2779 has the following key features:

« nRF24AP21C
« ANT™ compatible

5.2.2 Hardware pictures

|:‘|c12

B .
E 3

E|R3

ht ®"

| Tt | b | (Y
(74 2l 0083RUBR

Figure 15 nRF2779 top side

Qs
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&
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Figure 16 nRF2779 bottom side
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5.2.3 Block diagram

Antenna
VBUS o T
USB nRF24AP2-USB = p Matching network |
Data
Osc
16 MHz

Figure 17 nRF2779 block diagram
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6 Flash programming and application development

The nRF51422 chip is shipped with the SoftDevice pre-programmed. It is not possible to upgrade or erase
the SoftDevice on nRF51422.

6.1  Programming and erasing flash using nRFgo Studio

Use nRFgo Studio to program or erase an application HEX file onto the nRF51422 chip.

Note: For details on memory organization and protection see the nRF51 Series Reference Manual.

List of SEGGER debuggers Code memory Programming tools
- Memory readback protection
Device Manager nRF51 chip identification - SoftDevice identification

r al
™ [iRFgo Swdio — lochod =1 ez
Eilp  View nRF8001 Setup Help

Feajures

x
Evaluation board - =8 s

4|24 GHz
4 Front-End Tests ANT device with pre- ramed SoftDevice
TX carrier wave output
RX constant carrier/LO leakage nRF51422
TH/RX channel sweep QFAACA e \
RX sensitivity Region 1 Program SoftDevice | Program Application
4 |Bluetooth
nRF800L Configuration Programing of application on nRF51 device
Dispatcher
Trace Translator Size: 216 kB File to program:
Direct Test Mode .
NRFE002 [] Lock entire chip from read back
Addr:  0xa000
Device Manager X
Motherboards Regonil
4 nRF51 evaluation boards Read back Protected
Segger Size; 40kB
nRF51 Programming W
Bootloaders
5210_nRF51422_1.2.0.alpha
. J
J
|
Log x

(c) Merdic Semiconductor ASA 2008-2011

Figure 18 nRFgo Studio dashboard
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6.1.1 Selecting a board to program

1. Open nRFgo Studio.

2. Inthe Device Manager pane select which board to program or erase.

3. The nRF51422 Evaluation Board (PCA10003) will show up under nRF51 evaluation boards. The
SEGGER serial number identifies the device.

4. Select the board directly by clicking on the SEGGER module listed. The selected board is identified
with board type, SEGGER serial number, and the nRF51 chip.

6.1.2 Identifying the nRF51422 chip and chip content

When you select a board, nRFgo Studio identifies the nRF51422 chip and how its memory is organized.
The following chip and memory information is displayed:

« nRF51 chip identification - Identifies the chip by name and build code (for example,
NRF51422 QFAACA). If the debugger is not connected to the chip, or the debugger has a
problem communicating with the chip, it will show the following message “No device
detected. Ensure that you have the SEGGER connected correctly to the board and that the
board is powered and configured for debugging.”

- Code memory - Shows how the code memory is divided, whether into one or two regions
and the size of each region. nRF51422 will always show two regions. For devices containing a
SoftDevice, the code memory is divided in two regions, with the SoftDevice in Region 0. The
tool shows you how much memory is used by the SoftDevice and how much is left for the
application.

« Memory readback protection - Shows how the readback protection is set. The two
possible options are readback protection on Region 0 or readback protection of the
whole code memory.

- SoftDevice identification - nRFgo Studio tries to identify the firmware located in the
chip at Region 0. Recognized firmware is displayed as its ID; unrecognized firmware is
displayed as its FWID number.

6.1.3 Erase all
You should use the Erase all function in the following situation:
+ You have programmed an application on top of the S210 nRF51422 SoftDevice and selected

Lock entire chip from readback. Once you have performed Erase All, the application will be
erased from the chip. The S210 nRF51422 SoftDevice will not be erased.
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6.1.4 Programming an application

This function lets you program an application onto the chip (on top of the S210 nRF51422 SoftDevice).

Before nRFgo Studio starts programming it verifies that the HEX file matches the actual memory
configuration. If it matches, nRFgo Studio continues with the programming, if not it stops the programming
and returns an error message.

Note: This programming will not set up any memory Regions.

g s = al
™ nRFgo Studic ’ — " —_— I. = g
File View nRF8001 Setup Help
Features x .
oo Evaluation board - =& Fess
4 Front-End Tests ANT device with pre-programed SoftDevice
TX carrier wave output
RX constant carrier/LO |eakage nRF51422
Tj\-'R.\ :.h.arfmel sweep QFAACA s
RX sensitivity Region 1 Program SoftDevice | Program Application
4 Bluetooth
nRF&001 Configuration Programing of application on nRF51 device
Dispatcher
Trace Translator Size: 216 kB File to program:
Direct Test Mode
nRFE002 [ Lock entire chip from read back
Addr: 0xa000
Device Manager x .
Motherboards Region 0
4 nRF51 evaluation boards Read back Protected
Segger EEEREEN Size: 40 kB
nRF51 Programming W
Bootloaders
5210_nRF51422_1.2.0.alpha
. J
Log x

(c) Nordic Semiconductor ASA 2008-2011

1. Follow the steps in section 6.1.1 on page 23 and then select the Program Application tab.

2. Click Browse and select the HEX file to program.

3. Select whether to enable or disable readback protection of the entire chip. If you enable readback
protection, you will have to do an Erase All to reprogram the chip again.

A chip that is programmed with Lock entire chip from read back enabled will not work with a
development toolchain. To make it work you must perform Erase all.
Lock entire chip from read back can be used to prevent an accidental overwrite of the chip content.
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6.2  Application development

The user application is compiled, linked, and downloaded independently from the SoftDevice. This means
that developing and debugging on a chip pre-programmed with a SoftDevice is similar to that of a blank
chip. The main differences are memory layout and the call stack size.

6.2.1 Configuring memory layout

Specific SoftDevice versions and stacks can have different requirements. Please review these before
proceeding.

The applications vector table must be set up differently depending on whether it will run on a chip that is
blank or pre-programmed with a SoftDevice.

The SoftDevice program area starts at address 0x0 and has a predefined size. The application start vector
must be placed right after the SoftDevice. The available size has to be set so that it uses the remaining
memory for the application. Similarly, the SoftDevice data area starts at the lowest RAM address. The
application data area must be placed after the SoftDevice data area.

Table 3 shows examples for setting up the start address and size depending on the code and data size used
by the SoftDevice. The example is based on a chip with 256 kB of code memory and 16 kB of RAM.

SoftDevice
Device App.code Availablecode App.data Available
configuration Code memory RAMusage Startaddress memory start address RAM
usage
Blank chip 0 kB 0 kB 0x0 0x40000 0x20000000 0x4000
SoftDevice A 64 kB 2 kB 0x10000 0x30000 0x20000800 0x3800
SoftDevice B 128 kB 8 kB 0x20000 0x20000 0x20002000 0x2000

Table 3 SoftDevice memory layout
Note: See the nRF51422 Product Specification for details on the total code memory and RAM available
in the device. The amount of code memory and RAM used by the SoftDevice is described in
the S210 nRF51422 SoftDevice Specification.

There are two ways to configure the memory layout:

« Using the Keil IDE
« Using a Scatter file

Note: The example code given by Nordic Semiconductor configures the memory layout in the Keil
IDE. Scatter file loading is not available when using the evaluation version of the Keil IDE.
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6.2.1.1 Memory layout configuration in Keil IDE
To access the Keil IDE memory layout:
1. Click the Project menu and select Options for Target.

2. Select the Linker tab.
3. Check Use memory layout from Target Dialog.

Device | Target | Output | Listing | User | C.f'Cﬂl Asm  Linker I Debug | tilities |

¥ Use Memary Layout from Target Dialog

I~ Make RW Sections Position Independent R/O Base: I[}xl}l}DDDDDD
I~ Make RO Sections Position Independent R/AW Base [B20000000

r Dont Search Standard Libraries
¥ Repart ‘might fail' Conditions as Emors

disable Wamings: I

Scat':tIE B Edit... |

Misc
controls N

Linker |-cpu Cortex-MO *.0 —strict —scatter "'._build\ant_broadcast_tx.sct” -
control  |-summary_stdem —info summarysizes —-map -xref —callgraph —symbols
string

[ ok || cace || Defauts | Help

Figure 19 Keil linker settings

4. Select the Target tab.

In Read/Only Memory Areas, define values for Start and Size.

In Read/Write Memory Areas, define values for Start and Size as seen in Figure 20 on page 27.
Click OK.

Now

Below is an example configuration for an application using a chip with 256 kB of code memory and 16 kB of
RAM, and a SoftDevice using 128 kB of code memory and 8 kB of RAM (SoftDevice B described in Table 3 on
page 25).

+ Base code memory address 0x20000 and available code memory size is 0x20000 (128 kB).
+ Base RAM memory address 0x20002000 and available RAM size is 0x2000 (8 kB).
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. Options for Target 'nrf51422

Device Target | Output | Listing | User | C/C++| Asm | Linker | Debug | Urites |

Mordic nRF51422

¥al (MHz): [16.0

—Code Generation

Operating system: I None
System-Viewer File {.Sfr):

[T Use Cross-Module Optimization
[~ Use MicroLIB ™ Big Endian

SFD“Merdic'nRF51'\nRF51422 sfr

— Read/Only Memory Areas

default  off-chip Start

— Read/Write Memory Areas
default  off-chip Start

ROM1: |

RAMT: |

ROM2: |

RAMZ: |

ROM3: |
on-chip

RAM3: |
on-chip

IROM1: |(<20000

IEkZDDDD IRAM1: |m2mu2mn I[kZDDD

IROM2: |

IRAMZ; | |

ok | Defauts |

Figure 20 Memory layout with example SoftDevice

IROM1 Start
Size

IRAM1 Start
Size

Specify the start address for the application code

Specify available code memory size for the application code
Specify start address for the application data

Specify available RAM size for the application data

Table 4 Memory layout
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6.2.2 Shared call stack

The user application shares the call stack with the SoftDevice if the SoftDevice is loaded on the chip. The
application must reserve enough memory for both itself and the SoftDevice in the call stack. The call stack
size required by the SoftDevice varies between devices and protocol stack versions, and is supplied in the
5210 SoftDevice Specification.

The user application sets its call stack size plus the amount needed by the SoftDevice. It then writes the
stack pointer at the first address of the application Reset Vector.

Note: Using Keil with the ARMCC toolchain, the call-stack size can be set using the Stack_Size
definitions in your projects startup file, typically arm_startup_nrf51.s.

Stack_Size EQU 0x400 ; The application call-stack size + protocol
call-stack size
AREA STACK, NOINIT, READWRITE, ALIGN=3
Stack_Mem SPACE  Stack_Size
__initial_sp

Page 28 of 47



NORDIC

> SEMICONDUCTOR nRF51422 Evaluation Kit User Guide v1.1

6.2.3 Debugger configuration

Project files delivered in the SDK are configured and ready for download and debugging. If a new
application project is used, the debugger must be properly configured. To configure the debugger:

1. InKeil, select Options for Target (ALT+F7) from the Project menu. The Options for Target dialog
box appears.

Select the Debug tab.

Apply the Use option and select the J-Link/J-Trace debugger from the list.

Set Driver DLL to SARMCM3.DLL.

Set Dialog DLL to TARMCM1.DLL.

iAW

Other options can be selected as needed. To take full advantage of the debugger and its features, the
following are advised:

« Breakpoints

+ Load Application at Startup
« Memory Display

- Toolbox

« Watch Windows

F il
Options for Target 'nrf51422" u
De\n’cel Target | Output | Listingl User | C."CHI Aem | Linker Debug | tilities |
" Use Simulator Settings | & Use: J-LINK.-" J-Trace Cortex vl Settings |
[ Limit Speed to Real-Time
¥ Load Application at Startup ¥ Run to main() ¥ Load Application at Startup ¥ Run to main()
Initialization File: Initialization File:
| ] e | ] ] e |
Restore Debug Session Settings ———————————————— Restore Debug Session Settings ————————————————
¥ Ereakpoints ¥ Toolbox ¥ Ereakpoirts ¥ Toolbox
¥ Watch Windows & Performance Analyzer ¥ Watch Windows
W Memary Display v Memary Display
CPU DLL: Parameter: Driver DLL: Parameter:
[sARMCM3.DLL | [sARMCM3.DLL |
Dialog DLL: Parameter: Dialog DLL: Parameter:
IDﬁF{I'u'ICI'u'H.DLL I-an{FE |TﬁF{I'u'ICI'U'I1.DLL |
0K | Cancd | Defauts | Help
b

Figure 21 Debugger options

6. Click Settings next to the Use field in the top right of the window.

7. Inthe Target driver setup, provide information about debugging protocol and maximum speed.
Select SW in the Port drop-down.

8. In Max Clock the maximum speed for the debugging port cannot be exceeded (1 MHz). A proper
configuration is shown in Figure 22 on page 30.
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,

Debug |T|E|ce I Fash Downloadl

—dJ-Link / J-Trace Adapter ————— ~ SW Device
SN:m IDCODE | Device Name | Move
Device: | J-Link LiteCortex-M SWD | @ 0<0BB11477  ARM CoreSight SW-DP Up |

HW: | VBOD  di:| V453 D°W”|
FW:  |J-Link Lite-Cortex-M V8 compi

Port: Max Clock: % Automatic Detection |0 CODE: I
ISW LI |1MHz LI  Manual Configuration Device Mame: I
Auto Clkc | Add | Delate | Updatel IR len: I

— Debug
Connect & Reset Options Cache Options Download Options
Reset: | Nomal ~| | | ¥ cache Code [~ Verify Code Dowrload
¥ Reset after Connect ¥ Cache Memory [ Download to Aash
 Interface TCF/IP Misc
& USB " TCP/IP Netuork Sefings .
IP-Address Port (Auto: 0) Autodetect ik o |
Scan | 27 .0 .0 . 1 0
| Ping | JLink Cd |
State: ready
[ ok || cancel | Help

Figure 22 Target driver setup

9. Click Start/Stop Debug Session (CTRL+F5) in the Keil IDE to start debugging.

F — bl
CAKeiNARM\Device\Nordic\nrf51422\Board\nrf6310\blinky_example\armblinky.uvproj - iVisiond e v [E=RER =
File Edit Wiew Project Flash Debug Peripherals Tools 5SVCS  Window  Help
Dﬁgﬁ|$ QD§| : | |P‘d ™ B /5] ﬂ_’;|@ ted_pin_number E§ﬁ||‘ @e||§
CE B e ] 8] stz K| dE ‘@ starustopnebugsﬁsm@mwsn‘
B Enter or leave a debug session
Project L= main.c Ml
=521 nrf51422 37 $error "Board is not defined” -
38 | #endif
38
40 (/**
41 # main () function
42 * @return 0. int return type reguired by ANSI/IS0O standard.
i 43 - =/
44 int main (void)
1 45 (g
46 uint8_t output_state = 0; i
47
48 // Configure LED-pins as outputs
49 nrf gpio_range cfg_ output (LED START, LED STOF);:
50 |
51 while (true)
52 1
& nrf gpio port_write (LED PORT, 1 << (output_state + LED OFFSET));
fl 54 gutput_state = (output_state + 1) & STATE MRASK;
i 55 nrf delav ms(100); 2
| Elpr.. ([@eo.| {3Fu.|04Te.. < Ul | >
|| Build Output L]
\|compiling system nrfSl.c... -
fl creating preprocessor file for nrf delay.c...
i c‘nmp111ng nrf delavy.c... - %
I * JLink Info; Found Cortex-MO rOp0, Little endian.  J-LINK / J-Trace Cortex
% = = a3 a3

Figure 23 Debugger initiation
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6.2.4 Limitation when debugging on a chip with a SoftDevice
When a SoftDevice is installed in a device, there are certain limitations when debugging.

The nRF51422 has a Memory Protection Unit that prevents the debugger from having read/write access to
the SoftDevice flash area. The debugger reads this area as 0x0000 (no operation instruction).

6.2.5 Programming the device

The code memory area occupied by the SoftDevice is read, write, and erase protected. The debugger will
read this area as 0x0000 (no operation instruction). When the SoftDevice is enabled, the Memory Protection
Unit enables write protection for certain peripherals used by the protocol stack. Protected peripherals are
described in the S270 nRF51422 SoftDevice Specification.

Configure the debugger and compile and link the application code. Download the application using the Keil
IDE download button. To configure and start the download:

Select Options for Target in the Project menu.

Select the Utilities tab in the Options for Target dialog box.

Click Settings.

Select the Program check box.

Choose Erase Full Chip.

Click Add and select the nRF51xxx algorithm from the list to select the programming algorithm
used by Keil IDE.

7. Click Download.

ok wN =

Note: The nRF51xxx algorithm is installed automatically during the SDK installation. This algorithm is
a generic nRF51 series algorithm, which provides download capabilities to all series devices up
to 2 MB of code memory.

i - — B
Cortex JLink/|Trace Target Driver Setup h ﬁ
Debug | Trace Hash Download |
r Download Function RAM for Algorithm
Lofgn © EmseFul Chip ¥ Program
§3 © Emesecton [ Verdy Start: [(20000000  Size: [(<0800
" DonotErase ¥ Resst and Run
P ing Algorithm
Description | Device Type | Device Size | Address Range
nRF5 oo On-chip Flash 2M 00000000H - 001FFFFFH

Start: I Size:
Add I Femove |
[ ok |[ caca | Help

Figure 24 Selecting J-LINK/J-Trace Cortex
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8. In the Utilities tab, select Use Target Driver for Flash Programming.
9. Choose the available debugger from the list as shown in Figure 25.

r =
E Options for Target 'nrf51422' g

Device | Target I Output | Listing | User | C.-"Cﬂl Asm | Linker | Debug  Ltilties

—Corfigure Flash Menu Command

¢ |se Target Driverfor Flash Programming

IJ-LINK / J-Trace Cortex ;I Settings ¥ Update Target before Debugging

| it File: J Ed.. |

" Use Extemal Tool for Flash Programming

Command :I _I

Arguments: I

[T Bun Independent

QK Cancel Defaults Help

Figure 25 Debugger selection
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7 Debugging the nRF51422 chip

For debugging with SEGGER J-Link, see Appendix A: on page 40. For general information on how to debug
using the Keil pVision IDE, see http://www.keil.com/uvision/debug.asp.

The following steps tell how to configure the debugger in Keil.
1. Inthe Project menu click Options for Target (CTRL+F7).

2. Select the Debug tab.
3. To enter debugging mode click Start/Stop Debug Session or CTRL+F5.

r - = = S —— PR = W w - -
K4 C\KeiNARM\Device\Nordicinrf51422 16310\blinky_exampl blinky.uvproj - uVisiond -— [ [ ]
P
File Edit View Project Flash Debug Peripherals Tools SVCS Window Help
DSEd@| 4 @] | |m e n == & cnume g [@ ¢ © & &|[EF) A
F21 :“ | 1422 [+ A\‘ &= {d} Start/Stop Debug Session (Ctri+F5)
Enter or lzave a debug session
Project 2 main.c - X
E-i23 nif51422 39 L ~
E-£3 app 40 [/ **
main.c 41 | * main() function
keil_arm_uvd Int 22 !/@:‘er.;':: 0. int return type required by ANSI/ISC standard.
23
core
= 44 int main(void)
{3 lib 45 B¢
46 uint8_t output_state = 0;
27
28 // Configure LED-pins as outputs
29 nrf_gpio_range cfg_output (LED_START, LED STGE):
50
51 while (crue)
521 {
53 nrf_gpic port_write (LED_PORT, 1 << (output_state + LED OFFSET));
54 output_state = (output_state + 1) & STATE MASK;
55 nrf delay ms(100); 3
56 [}
57 |}
Ea
59 @/”
Epr.. ([@so..[{3Fu.[041e. | || <[ i J ¢
Build Output o
* Jlink Info: J-Link: Flash download: Flash programming performed for 1 range (0 bytes) -
###JLink Error: FC of target system has unexpected value after programming sector. (PC = OxFFFFFFFE)!
* JLink Info: J-Link: Flash download: Total time needed: 134552735.622s (Prepare: 0.118s, Compare: 0.009s, Program: 727945417.067s, Verify: -593392622.325s, T
< I ] [
Enter or leave a debug session * JLink Info: Found Cortex-M0 rop0, Little endian. J-LINK /)-Trace Cortex CAP NUM SCRL OVR R
L = = :

Figure 26 Start debugging mode
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7.1 nRF51422 debug features and precautions

This section contains information about the System Viewer Windows, debugging an application when a
readback protected SoftDevice is present, and setting a breakpoint using a SEGGER J-Link debugger.

7.1.1 System Viewer windows

The System Viewer enables you to select device peripherals and see their contents in separate windows, see
Figure 27.1n the View menu point to System Viewer and select the peripheral you want to see. The
peripheral register values are displayed in their respective pane in Keil, as seen in Figure 28 on page 35. More
information on System Viewer can be found at: http://www.keil.com/uvision/db_view_sysview.asp.

r — — — N
CAKeiIARM\Device\Nordicinrf51422\Bosrdl\ nrf63101blinky.example\arm\blinky.uvpro; - Visiond [E=REN =
A\KeiDARM\Device\Nordic\n rd\ni Ohblinky_exampleharm\blinky.uvproj - pVisiol - -
File Edit View Project Flash Debug Peripherals Tools SVCS Window Help
any=2= - TP - e = fE | B v [ o |@) e 0 & @[ED A
wBo|lweru > [ OREEER-O)3- 8- 2@ -
Registers 1 [B Disassembly POWER 2 @
Register |\t’a\ue I 46: uintd_t output_state = 0; cLocK -
47:
= Core
" 48: // Configure LED-pins as outpi M7V
c>0x0000A148 2400 MOVS r4,#0x00 RADIO
49: nrf gpio_range_cfg output (LED UARTD TOP) ; @
. 50:
. : 0x0000A142 2008 MOVS >0, $0x08 SPL >
|| NwNANNAIAr 2907 MovTe -1 #Nwnw » x
i = I TWI | TWIO m
- GRIOTE WL
: FFFFFFFF main.c o < B
OFFFFFFFF 41 | * main() function TIMER  » -
cFFFFFFFF 42 * @return 0. int return type requi LS50 standard.
DxFFFFFFFF 43 =/ RTC 4
OFFFFFFFF 44  int main(void) NETE
FFFFFFFF 501
20001000 a6 uinté_t output_state = 0; (L5
<0000A12D 47 ECB
1" (10000A148 48 /f Configure LED-pins as outputs
b (61000000 N AAR
t 49 nrf_gpio_range_cfg_output (LED_STI ) :
i [+ Banked 50 - - - - - M
| [ System 51 while (true) WDT
= Intemal 52 { L
I :~ Mode Thread 53 nrf gpio pest write (LED PORT, ° QpEC state + LED OFFSET)); 1
I o Stack MSP 54 output_state = (ouUCput_state + SWI LSH:
i 55 nrf_delay ms(100); HVMC
56 } - -
bl & project | = Registers < n +
FICR
I'| command Il Stack + Locals LR
UICR
i I ame Location/Value Type
||* JLink Info: J-Link: Flash download: Total time needed: 1116735.007s (Prep 5 @ main 00004148 int §()
||Load "C:\\Keil\\ARM\\Device\\Nordic\\nrf51422\\Board\\nrf6310\\blinky examp ¥ output_state <not in scope> auto - unsigned char
**JLink Wazning: Debugger writes to flash (428 bytes @ address 0x0000R000) ||
Write to flash is performed. Further writes to flash memory will not cause ~
4 [T} | 3
W >
ASSIGN BreakDisable BreakEnable BreakKill BreakList BreakSet Breakhccess | (£ Call Stack + Locals ‘Ememaryl
|| J-LINK / )-Trace Cortex t1: 0.00000000 sec CAP NUM 5CRL O

Figure 27 System Viewer Windows
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- —
LS sl s by oo S “““‘L_l_J__' E‘éu
File Edit View Project Flash Debug Peripherals Tools SVCS Window Help
OEd ﬁ‘ ey E‘ Q- ‘ [#  txd_pin_number ‘ [ 2 & ﬂ‘@l '\‘
B BEeu e EEE
Registers 1 [B Disassembly n @ ruG nE
Register Value 46: uint8_t output_state = 0; - El
47:
= Core
Bx0000A145 43: [/ Configure LED-pins as outputs Property Value
prreeonll ||Sox0000a148 2400 MOVS r4,40x00 TASKS START 000000000
e 43:  nrf_gpio_range cfg output (LED START, LED STOP); [ TASKS STOP 000000000
DxDEADBE.. 0 EVENTS_VALRDY | 0x00000000
STl 0x0000A142 2002 MOVS 0, $0x08 -
| ST Awnnnnntar 210m s 1 #nvnw . T = SHORTS 0 |
| KO000ATAC VALRDY_STOP  |0: Disabled = Shortcut disabled.
| DXFFFFFFFF ] ¥ X | O INTENSET 0 |
| OxFFFFFFFF 31| - main() fanccion = VALRDY 0: Disabled = Interrupt disabled.
| K;;;;;;;; 42 | * @return 0. int return type required by ANSI/ISC standard. INTENCLR 0 [
| 43 L «/ . -
I OeFFFFFFFF B ot moin (voidy VALRDY 0: Disabled = Interrupt disabled.
D<FFFFFFFF 45 01 CONFIG 0 |
| SF) 020001000 WY =S uint&_t output_state = 0: DERCEN 0: Disabled = Digital error correction dicabled.
| 21 - =
Dx0000A12D am AT 7 |
i 00000/ 48 // Configure LED-pins as outputs
E 51000000 i VALUE 000
| 23 nrf_gpio_range_cfg_output (LED_START, LED STOB);
[ Benked 50 - - - -
[+ System 51 while (true)
| = tntemal 52 :
| Mode Thread 53 nrf_gpio_port_write (LED_PORT, 1 << (output_state + LED_OFFSET)):
i Stack MSP 54 output_state = (output_state + 1) & STATE MASK:
| 55 nzf_delay_ms (100) AL Il
| ce N = | |[Bits 31.0] RW (@ 0x4000D508) RNG ranciom number.
| El Project | = Registers W 3
I'| command o @ CallStack = Locals n @
| * | Name Location/Value Type
M* 9Link Info: J-Link: Flash download: Total time needed: 1116735.007s (Prep % main |”"‘:’c’c’°‘°‘14E "””0
||zoad "C:\\Reil\\ARM\\Device\\Nordic\\nrf51422\\Board\\nr£6310\\blinky examp ¥ output state| <not in scope> |auto - unsigned char | |
##JLink Warning: Debugger writes to flash (422 bytes @ address 0x00002000) | |
Write to flash is performed. Further writes to flash memory will not cause =
< n v
| >
ASSIGN BreakDisable BreakEnable BreakKill BreakList BreakSet Breakhccess | 9l Stack = Locals ’EMamoryl
J-LINK / )-Trace Cartex t1: 0.00000000 sec CAP| NUM| SCRL ©

Figure 28 System viewer window of the RNG peripheral
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7.1.2

Debugging an application when a readback protected SoftDevice is present

Debugging applications with a SoftDevice present behaves as described in http://www.keil.com/uvision/
debug.asp, except when the program counter is in Region 0 on a SoftDevice with readback protection
enabled. Code words from addresses in the protected area will always return zero to the debugger.

Any values in peripheral registers that are restricted or blocked by the SoftDevice will be invisible to the
debugger as well. Information on the SoftDevice configuration and memory resource mapping can be
found in the S210 nRF51422 SoftDevice Specification.

Note: Avoid single stepping to the protected area. Instead, set the breakpoint right after SVC calls

while debugging and run the application to the actual breakpoint, see Figure 30 on page 37.
The “step over” function (F10) may also be used instead to step over SVC calls to avoid delays
when entering the readback protected area.

r N
CAKeilARM\Device\Nordic\nrf51422\Board\nrf6310%ant\ant_hrmihrm_tdarmant_hrm_beuvproj - pVisiond o =
File Edit View Project Flash Debug Peripherals Tools SVCS  Window Help
DEHd s sd|sc|co|rnnn IE | B wosrmmoe  B@ @) 0 O S @l R
- = = e
EERo | nren » [DEEERED- IS = @ @ -
Registers i1 Disassembly 1 B
Register [ Value | =0x000020AC 0000 MOVS r0,z0 -
= 0x000020AE 0000 MOVS 0,0
- 0x00002080 0000 MOVS r0,r0
0x000020B2 0000 MOVS r0,x0 @
0x000020B4 0000 MOVS 0,0
0x00002086 0000 MOVS r0,r0
0x000020B8 0000 MOVS r0,x0
0x000020BA 0000 MOVS 0,0
! 0x000020EC 0000 MOVS r0,r0
0x000020BE 0000 MOVS r0,x0
R8 OFFFFFFFF 0x000020C0 0000 MOVS 0,0
B9 OFFFFEFFF 0x000020C2 0000 MOVS r0,r0
‘M oo S B B
) Buos uxcuoczocs 0000 MOVS ro'ro
n‘u ZFDFDFDFFFFF oxoooozocr; 0000 MOVS ro’ r0
jreen i IJDIJDD axaaaazacc 0000 MOVS ro’ro
H14(LH' = hxﬂhﬂﬂﬂﬂl‘ﬁ‘ nnnn MOTS r{l,r{l a2
i R15 (PC) <00D020AC <l b
§ PSR 061000000
[ Banked main.c - X
- System ET] simple uart_config (RTS_PIN NUMBER, TX PIN NUMBER, CTS_PIN_NUMBER, RX_PIN_NUMBER, =
B Intemal & 100 printf("+enter mainin"):
- Mode: Thread 101 @
o Stack Msp 102 softdevice_setup();
103 timer inic(): -
[Erroject | E Registers < i ] v
Command 1 [E callStack = Locals 1B
R4 = 00000000, RS = 00000001, Ré = 000DA319, R7 = 20000304+ | pame Location/Value Type
* JLink Info: J-Link: Flash download: Total time needed: 1116735.238s o
T.n‘aﬁ "'f',:\\KP'i'I\\hRM\\aniCP\\lﬂr\T‘dic\\nT‘FS‘\ 422\ \Raard\AnrFa31 M\ antihant T
J r
>
AS5IGN BreakDisable BreakEnable BreakKill BreakList BreakSet BreakAccess | @Ca\l Stack = Locals ‘Emem-:ryl
J-LINK / )-Trace Cortex t1: 0.00000000 sec 87 C:4 CaP

Figure 29 Debugger information for a setup with a SoftDevice enabled in the protected area
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W C\KeilARM\Device\Nordic\nrf51422\Board\nrf6310\ant\ant_hrm\hrm_bdarmiant_hrm_tx.uvproj - pVisiond

File Edit View Project Flash Debug Peripherals Tools SVCS Window Help

fDeaa +» ;o |« Ha e

E=E R et

‘ RN m&| :i| (@ svc

BEEA- O )z- 8- 3- 8- x-

Registers

7 @ Dassemoly

Register IVaIua | 201: g_event_flags &= ~EVENI_TIMER EXPIRED; -
o 0x0000ASEE 2502 MOVS 5, #¥0x02 I
k00000000 79: return_value = nrf wait_for_app_event():
(00000000 0x0000ASFO DF3D SVC 0x3D
[BO000ATAD 0xD000ASFZ DOOL MOVS rl, o
x0000ASED 80: if (NRF_SUCCESS != return_value)
(200008 ai: ¢
00000002 82: // Code that should never be reached.
00000000 OUXDOODAEFQ Dooz BEQ 0Ox0000ASFC
l 00000000 a3: aborthandler ("AS5SERT-nrf_wait_ for_ app_ event"”, return value);
DeFFFFFFFF 84z '
(| FFFFFFFF 85: // Wo else clause needed.
| 00008004 0Ox0000ASF& ROST ADR 0, {pci+2 : EOXDO0DATS4
g 00008004 0x0000ASFS FOOOFS4E BL.W aborthandler (0x0Q000AB3E)
| OxFFFFFFFF 26z if (g_event_flags)
. 20001880 0Ox0000ASFC 6820 LDR r0, [r4,#0x00]
0000/ 0x0000ASFE 2800 CMP ro, $#0x00
[x0DDDASF4 0x0000A€00 DOF& BEQ 0x0000ASFO D
61000000 181: if (g_event_flags & EVENT_ANT STACK) i
i E| ; |
- X |

Thread
MSP

[El project | E Registers

* and after that return to the sleep mode.
while

(1)

return_value = nrf_wait_for app event():
if (NRF_SUCCESS != return value)
i

// Code that should never be reached.

aborthandler ("ASSERT-nrf_wait_ for app event”, return_value);

H

// Ho else clause needed.
if (g_event_flags)

{

/* Bs we wake up for every periodic timer tick count interrupt most
* of the time we don't need to enter this method */

application event process();
}
// Ho else clause needed.

m ]

=/

Command R [@ callstack + Locals L=
* | Mame Location/Value Type N

# JLink Info: J-Link: Flash download: Total time needed: 1116735.2 & 0 Tl (Bl o)

Load "C:\\Keil\\ARM\\Device\\Nordic\\nrf51422\\Board\\nrf&310\\ant @ return_value | <not in scope> auto - unsigned int

B5 \\ant_hrm_tx\../main_hrm tx.c\30 E] @ 0x0000AECC

4 m | 3

>

ASSIGH BreakDisable BreakEnable BreakFill BreakList BreakSet I &C&HStacki-Locals Memuryl‘ |

J-LINK / J-Trace Cortex

t1: 0.00000000 sec

Figure 30 Setup with a breakpoint after an SVC call
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8 Software Development Kit

The nRF51 Software Development Kit (SDK) enables you to develop applications for the following protocol
stacks:

« ANT
« ANT+

Note: ANT+ keys are needed to use ANT+ profiles included in the SDK. Please register as an ANT+
adopter at http://thisisant.com to get the keys.

8.1 Installing the nRF51 SDK

The nRF51 SDK is a part of the downloadable content available from your My Page account, see section 2.2
on page 5. The SDK is downloaded as a MSl file (a Windows Installer) and is installed by running the
application. When installing the SDK you can select: Keil MDK Support and/or Custom install. The following
describes each installation option:

- Keil MDK support - installs Keil uVision example project files, the code memory
programming algorithm for the J-Link debugger, and the Nordic nRF51 series device
database file for Keil.

- Custom install - installs a software archive to a customized location.

- nrfjprog - installs a command line programming interface to be used with SEGGER
debuggers.

Note: The Keil MDK Support option will only be available if you already have the Keil MDK toolchain
installed.
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9 Troubleshooting

The nRF51422 device on hardware v1.0 of the PCA10003 does not respond when | try to
contact it. What has happened?

Verify that both jumpers on connector P8 on the PCA10003 are in place.

When | connect multiple SEGGER J-Link debugger boards to my computer, pVision does not
recognize them correctly.

This is a known limitation with pVision in MDK v4.53 or earlier that is fixed in later versions. Upgrade to
version 4.54 or later.

On my 32 bit Windows XP machine, | get an error message with code 2908 when reinstalling
either the nRF514 SDK or nRF518 SDK.

Installing or reinstalling either the nRF518 SDK or the nRF514 SDK after the nRF518 SDK has been
uninstalled will cause error message code 2908 during installation. Use the Task manager (Ctrl+Shift+Esc)
to end the task nRF514/8 SDK Setup. Drivers included in nRF518 will still be installed (if they are not already
installed).

The debugger seems to freeze while debugging.

If running a SoftDevice that has been programmed with the “Lock SoftDevice from Readback” enabled (see
section section 6.1 on page 22), the debugger will halt while stepping to an SVC instruction. You should set
the breakpoint after the SVCinstruction and run the application to the breakpoint, or step over any SVC
instructions. See section 7.1.2 on page 36 for more details.

The debugger does not halt on breakpoints.

Some Keil projects in the SDK have Optimization level 3 (-03) and Optimize for time checked. If you are
debugging an application with these settings, your breakpoint set might have no effect.

Press Alt+F7 to open the Target options dialog.
Select C/C++.

Select Optimization level 0 from the scroll down list.
Uncheck Optimize for time.

HwnN =

Software gets out of sync while debugging.

Setting/modifying breakpoints on a running system using the SEGGER debugger halts the CPU, which may
result in software that is out of sync. You should avoid setting breakpoints while the system is running.

The debugger is not able to detect my nRF51 device after | have downloaded my firmware.

If the nRF51 device goes to SystemOff too soon after reset, it will have a problem communicating with the
J-Link debugger. You can recover using the Recover button in nRFgo Studio.

1. Cycle the power to the nRF51 chip before you start the Recover application.

Note: The Recover function will erase all application firmware on the chip.
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Appendix A: Installing drivers and configuring KEIL projects for the
SEGGER debugger

This appendix describes the steps for installing the software and using the SEGGER J-Link Lite debugger
with Keil pVision for nRF51 series devices, based on J-Link software version 4.52b or later.

Prerequisite
You need Keil pVision with ARM-MDK that you have tested to be working with MDK version 4.54.

Note: All projectsin the nRF514 SDK are preset to work with the SEGGER debugger. Only the
following step Download and install SEGGER drivers is needed.

Download and install SEGGER drivers

1. Download the latest SEGGER J-Link software and documentation pack from
http://www.segger.com/jlink-software.html.

2. Download and run the J-Link Software and documentation pack for Windows from
http://www.segger.com/jlink-software.html. The serial number from your SEGGER J-Link hardware
is needed, see Figure 32 on page 41.

3. During installation you will be prompted to select the IDE that you want updated with the latest
SEGGER DLLs. Check the box for Keil MDK and any other IDEs you want to use with SEGGER.

[J] SEGGER J-Link DLL Updater V4.52¢ S5

The fallowing 3rd-party applications using JLink&RM . dil have been found:
14F Embedded Workbench for ARM, 6,40 [DLL V4.528 in "C:\Program Files [«B6MAR SvsternshEmbedded Workbench 6.4 Fickstarth AR Mybin™

Atrnel Studio 6.0 [DLL %4 520 in "C:\Program Files [«36])wAtmelyatmel Studio 5. 0Yavrdbg'™
Keil MDE. %454 [DLL V/4.53b in "C:\Keil\ARMA\Seqger]

Select All Select None

Select the ones you would like to replace by this version,
The previouz version will be renamed and kept in the same folder, allowing manual "unda’.
Ih caze of doubt, do not replace existing DLL(z).

Yiou can alwaps perform thiz operation at a later time via start menu.
ak Cancel

e — —  —

Figure 31 IDEs selected for updating to the latest SEGGER DLLs
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4. Go to http://www.segger.com/IDE_Integration_Keil.html#knownproblems for MDK v4.54.
Download JL2CM3 and copy it to <keil>/ARM/Segger. This patch is necessary for the SEGGER
debugger to work.

5. Plug the Evaluation Board (PCA10003) into your computer with a USB cable. The LD3 LED will blink
while the driver installation occurs. Wait until the LED is continuously lit

LD3

. mIROA T

SN Vet »J-Lnk
€ b | -x's'm E ,L" O [rrlTr
S wsma‘:ﬁm’;ﬂ"{f: 1

=T Mo
= o sB1® Etlm — 8 L 3IC33
9‘°d 04 100d-0008 S-S 3:.0 385

.5
B SEGGER %?m &
S8 St 5“ J-Link™Technolog
LABEL 0 E Www.segger. com
B ) 2 04 F —
§ : 3 x ‘
1 " o .
1w 2

@
m
E
53
=}
=
S
-
S
@
o
£

?2
=
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-
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Cd a a HENNE
el ALY

HERL010

Serial number

Figure 32 J-Link Lite CortexM-9 serial number location
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Configuring KEIL projects for the SEGGER debugger for first time use

Create the JLinkSettings.ini file with the contents shown in Figure 38 on page 45. The file JLinkSettings.ini
should be saved in the same folder as the Keil pVision project (uvproj) file.

1. Double-click an example project file to open the Keil uVision IDE.
2. Click Target Options on the toolbar or click Project menu and select Options for Target

Debug Peripherals Tools SVC5 Window Help
cleaw PR R EEE KB A ~Ma*lql

i
i
L]

| X Target Options...
Configure target options

Figure 33 Keil Target configuration

3. Under the Debug tab in the Use list, select J-LINK / J-Trace Cortex option as shown in Figure 34.
4. Click Settings as shown in Figure 34. Both the SEGGER Control Panel and the Keil Target Driver
Setup will open.

[ Options for Target 'net51422. i ===
Device | Target | Output | Listing | User | C/C++ | Asm | Linker Debug | urtities |
" Use Simulator Settings | E‘ Use: [J-LINK/ J-Trace Cortex w| Settings D
[~ Limit Speed to Real-Time
[V Load Application at Startup ¥ Runto main() [V Load Application at Startup V' Run to main()
Initiglization File: Initialization File:
.| Edt. Link Settings ini Edit...
| | | _edt | | [Ninksetngen [] e |
| Restore Debug Session Settings— | —Restore Debug Session Seftings————————————
| ¥ Breskpoirts ¥ Toolbox [V Breakpoirts ¥ Toolbox
| ¥ Watch Windows & Pedormance Anahyzer ¥ Watch Windows
¥ Memory Display [V Memory Display
CPUDLL: Parameter: Drriver DLL: Farameter:
ISARMCMS.DLL | ISAF{MCMS.DLL |
’
Dialog DLL: Parameter: Dialog DLL: Parameter:
|DﬁRMCM1.DLL I-an{FEr |TﬁHMCM1.DLL |
OK |  Canced |  Defauks | Help |

Figure 34 Selecting JLink debugger in Keil
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Note: If the SEGGER J-Link Lite firmware requires an update you will be prompted with the message
“A new firmware version is available for the connected emulator”. In this case, click OK.

General |Semngsi Breakpumtsl Log I CFU Regs | Target Puwerl S | RAV\"TrﬁDE‘l Devn:el Emulator MEmMapl Flash |

[w Startminimiz
[v Always onto

rocess |CKeil U4y UWAEXE
DLL [CAKeilUvay JLinkaRM dil
Hink | Il
Target l_ I_LI ‘ndian l_ I_’—
Actual l—
Host I—

swy |

License | About I

‘JLINK?GetFirmwareSt{ing (Done) 169.650 sec. in 2 calls /;

Figure 35 Segger control panel

5. Click the Debug tab shown in Figure 36. Set Port to SW and Max Clock to 1 MHz, as shown in
Figure 36. Make sure that SN and IDCODE are populated as seen in Figure 36 and click OK.

-
Cortex JLink/JTrace Target Driver Setup REERERE u

Debug |T|T:|ce I Flash Downloadl

—J-Link # J-Trace Adapter ———— —~ 5W Device
s - IDCODE | Device Name | Move
Device: | J-Link OB-SAM3U128 SWD | <0BB11477  ARM CoreSight SW-DP il
HW: [ vioD  di:| vAS5m Ml

FW:  |J-Link OB-SAM2U128 V1 con
I Port: Max Clock: & Automatic Detection 1D CODE: I
ISW ;I I‘IMHz ;I  Marual Configuration Device Mame: I
Auto Clk | Add | Delete | Updatel IFi len: I

— Debug
Connect & Reset Options Cache Options Download Options
Reset: INorrnaI LI [V Cache Code [ Verfy Code Download
V¥ Reset after Connect ¥ Cache Memary [ Download ta Flash
—Interface TCP/P Misc
& USB " TCPAP o :
IP-Address Pot (uto- ) | _Autodetect| ik rfo |
Scan | 27 n o . n
[ 77~ . Fing | JLink Cd |
State: ready
[ ok || caca | Help

Figure 36 Debug settings

6. Select the J-Link device for target programming and provide the appropriate code memory
algorithm.
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r B
kA Options for Target 'nrf51422' —— i —— g

Device | Target | Output | Listing | User | C/Co+ | Asm | Linker | Debug Uiltes |
Corfigure Flash Menu Command
@ Use Target Driver for Flash Programming

[IJ-LINK / J-Trace Cortex j Settings | ]W Update Target before Debugging
it Fie: | | e |
" Use Extemal Tool for Flash Programming

Command| =l
Ngt-l’neds:l

I™ Run Independent

Figure 37 Flash settings
7. If the J-Link serial number appears in the SN field, the device is properly installed. The default

settings can be accepted by clicking OK, closing both the SEGGER Control Panel and Keil target
Driver Setup.
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JLinkSettings.ini file

While debugging with a SoftDevice, change AllowSimulation = 1 to AllowSimulation = 0 in your default
JLinkSettings.ini file under your project.

1. Enter the utilities settings from KEIL target options (ALT+F7) and click the ... button to select the
JLinksettings.ini file.
2. Click Edit and change the AllowSimulation as specified above.

r ™
kA Options for Target 'nrf51422' - a—— ﬂ

Devi | Target | utpt | Lising | User | C/Cre | Asm | Linke | Db Utitis

~Configure Flash Menu Command
¢ se Target Driver for Flash Programming

[0-LINK 7 - Trace Cortex | Settings | ¥ Update Target before Debugging

it File: | J[Edd |

¢~ Use External Tool for Flash Programming

Command:| Bl
Arguments: |
™ RunIndependent

OK | Cancel | Defauts | Hetp|

Figure 38 Locating JLinkSettings.ini
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Liability disclaimer

Nordic Semiconductor ASA reserves the right to make changes without further notice to the product to
improve reliability, function or design. Nordic Semiconductor ASA does not assume any liability arising out
of the application or use of any product or circuits described herein.

Life support applications

Nordic Semiconductor’s products are not designed for use in life support appliances, devices, or systems
where malfunction of these products can reasonably be expected to result in personal injury. Nordic
Semiconductor ASA customers using or selling these products for use in such applications do so at their
own risk and agree to fully indemnify Nordic Semiconductor ASA for any damages resulting from such
improper use or sale.

Contact details

For your nearest dealer, please see http://www.nordicsemi.com.
Information regarding product updates, downloads, and technical support can be accessed through your
My Page account on our homepage.

Main office; Otto Nielsens veg 12 Mailing address: Nordic Semiconductor
7052 Trondheim P.O. Box 2336
Norway 7004 Trondheim
Phone: +47 72 89 89 00 Norway

Fax:  +47 72898989

B %

NORWEGIAN
DN V ACCREDITATION
No. S03

NS-ENI1SO 9001 CERTIFICATEDSIRM
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Revision history

February 2013 1.1 Updated content to match v2.0 of the
hardware. Updated hardware
information in section 5 on page 12.

November 2012 1.0 First release

ARM statement

Keil, uVision, and Cortex are trademarks of ARM Limited. All other brands or product names are the property of their respective holders.
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