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or fitness for a particular purpose.
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with the terms of such a license.
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About this document

Assumptions

This document assumes that you already have a solid knowledge of the following:

e The software tools used for building your application (assembler, linker, C com-
piler)
The C programming language
The target processor

¢ DOS command line.

If you feel that your knowledge of C is not sufficient, we recommend The C Program-
ming Language by Kernighan and Richie (ISBN 0-13-1103628), which describes the
standard in C-programming and, in newer editions, also covers the ANSI C standard.

How to use this manual

This document describes J-Link RDI. It provides an overview over the major features
of J-Link RDI, gives you some background information about Flash breakpoints and
configuration in general and describes using RDI compliant debuggers with J-Link
RDI. Finally, the chapter Support on page 83 helps to troubleshoot common prob-
lems.

Typographic conventions for syntax

This manual uses the following typographic conventions:

Style Used for
Body Body text.
Keyword T_ext that you _enter at the commanq-prompt or that appears on the
display (that is system functions, file- or pathnames).
Parameter Parameters in API functions.
Sample Sample code in program examples.
Reference Reference to chapters, tables and figures or other documents.

GUIElement | Buttons, dialog boxes, menu names, menu commands.

Emphasis Very important sections

Table 1.1: Typographic conventions

J-Link RDI(UM08004) © 2004-2009 SEGGER Microcontroller GmbH & Co. KG



SEGGER Microcontroller GmbH & Co. KG develops
and distributes software development tools and ANSI

’ \ C software components (middleware) for embedded

systems in several industries such as telecom, medi-
/ cal technology, consumer electronics, automotive
SEGG EH industry and industrial automation.

SEGGER’s intention is to cut software development-
time for embedded applications by offering compact flexible and easy to use middleware,
allowing developers to concentrate on their application.

Our most popular products are emWin, a universal graphic software package for embed-
ded applications, and embOS, a small yet efficent real-time kernel. emWin, written
entirely in ANSI C, can easily be used on any CPU and most any display. It is comple-
mented by the available PC tools: Bitmap Converter, Font Converter, Simulator and
Viewer. embOS supports most 8/16/32-bit CPUs. Its small memory footprint makes it
suitable for single-chip applications.

Apart from its main focus on software tools, SEGGER developes and produces program-
ming tools for flash microcontrollers, as well as J-Link, a JTAG emulator to assist in devel-
opment, debugging and production, which has rapidly become the industry standard for
debug access to ARM cores.

United States Office:
http://www.segger-us.com

Corporate Office:
http://www.segger.com

EMBEDDED SOFTWARE
(Middleware)

emWin

Graphics software and GUI

emWin is designed to provide an effi-
cient, processor- and display control-
ler-independent graphical user
interface (GUI) for any application that
operates with a graphical display.
Starterkits, eval- and trial-versions are
available.

embOS
Real Time Operating System
————| embOS is an RTOS designed to offer
[ the benefits of a complete multitasking
C— system for hard real time applications
with minimal resources. The profiling
PC tool embOSView is included.

emFile

File system

emFile is an embedded file system with

FAT12, FAT16 and FAT32 support.
emFile has been optimized for mini-

mum memory consumption in RAM and

ROM while maintaining high speed.

Various Device drivers, e.g. for NAND

and NOR flashes, SD/MMC and Com-
pactFlash cards, are available.

emUSB

USB device stack

A USB stack designed to work on any
embedded system with a USB client
controller. Bulk communication and
most standard device classes are sup-
ported.

g

SEGGER TOOLS

Flasher

Flash programmer

Flash Programming tool primarily for microcon-
trollers.

J-Link
JTAG emulator for ARM cores
USB driven JTAG interface for ARM cores.

J-Trace

JTAG emulator with trace

USB driven JTAG interface for ARM cores with
Trace memory. supporting the ARM ETM (Embed-
ded Trace Macrocell).

J-Link / J-Trace Related Software
Add-on software to be used with SEGGER’s indus-
try standard JTAG emulator, this includes flash
programming software and flash breakpoints.
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Chapter 1

Introduction

This chapter gives a short overview about the use of J-Link RDI, flash breakpoints
and flash download.
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12 CHAPTER 1 Introduction

1.1 What is RDI?

Remote Debug Interface (RDI) is an Application Programming Interface (API) that
defines a standard set of data structures and functions that abstract hardware for
debugging purposes. J-Link RDI mainly consists of a DLL designed for ARM cores to
be used with any RDI compliant debugger. J-Link RDI offers features like flash break-
points and flash download.

RDI compliant
Debugger

J-Link RDI DLL

1.1.1 Features of J-Link RDI

Usable with every RDI compliant debugger
Supports more than 2 breakpoints when debugging in flash by using the flash
breakpoints feature (add. license required)
e Offers download into flash without the need for a flash loader
(add. license required)
e Instruction set simulation (improves debugging performance)
Any core supported by J-Link ARM (ARM7 / ARM9)
Easy to use

1.2 Requirements
Host System

In order to use J-Link RDI you need a host system running Windows 2000 or Win-
dows XP with SEGGER’s J-Link USB driver and a RDI compliant debugger.

Target System

An ARM7 or ARM9 target system is required. The system should have a 20-pin con-
nector as defined by ARM Ltd. Please note that Segger offers an optional adapter to
use J-Link ARM with targets using 14 pin 0.1" mating JTAG connectors.

J-Link RDI(UM08004) © 2004-2009 SEGGER Microcontroller GmbH & Co. KG
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1.3 Basic principles

The EmbeddedICE logic and the ARM processor debug extensions enable J-Link ARM
to debug software running on an ARM processor. The EmbeddedICE is accessed via
the JTAG port and described in detail in the technical reference manuals available
from ARM. Some basic information can be found in the chapter Background informa-
tion on page 73.

1.4 Purchase

The J-Link ARM software and documentation pack includes the J-Link RDI software.
You can download the J-Link ARM software and documentation pack from:

http://www.segger.com/downloads. htm/

1.5 Required licenses

The software is licensed on a per J-Link basis. It requires different licenses for differ-

ent parts of the software. In general, the following items are required to use the soft-
ware:

1. J-Link ARM
2. RDI license

In addidtion to that, "flash download" and "flash breakpoints" are not part of the
standard RDI software and require add. licenses. For more information about the
license types and licensing in general, please refer to Chapter 2 Licensing.

Free trial licenses are avaliable upon request from www.segger.com.

J-Link RDI(UM08004) © 2004-2009 SEGGER Microcontroller GmbH & Co. KG
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Chapter 2

Licensing

This chapter describes the licensing requirements and options of the software.

J-Link RDI(UM08004) © 2004-2009 SEGGER Microcontroller GmbH & Co. KG



16 CHAPTER 2 Licensing

2.1 Introduction

J-Link functionality can be enhanced by the features RDI, flash download and flash
breakpoints. These features do not come with J-Link and need additional licenses. In
this chapter the licensing options of the software will be explained.

2.2 Software components requiring a license

There are three software components which need an additional license:

e J-Link RDI
e Flash download
e Flash breakpoints

The RDI license is essential for using the RDI feature. A license for flash download
and flash breakpoints is optional, but both of them require a RDI license in order to
use them.

2.3 License types

For each of the software components which require an additional license (RDI, flash
download, flash breakpoints), there are three types of licenses:

Built-in License

This type of license is easiest to use. The customer does not need to deal with a
license key. The software automatically finds out that the connected J-Link contains
the built-in license(s). This is the type of license you get if you order J-Link and the
license at the same time, typically in a bundle.

Key-based license

This type of license is used if you already have a J-Link, but want to enhance its func-
tionality by using RDI, flash download and flash breakpoints. In addition to that, the
key-based license is used for trial licenses. To enable this type of license you need to
obtain a license key from SEGGER. Free trial licenses are available upon request from
www.segger.com This license key has to be added to the RDI license management.
How to enter a license key is described in detail in the section Key-based license on
page 17. Every license can be used on different PCs, but only with the J-Link the
license is for. This means that if you want to use J-Link RDI, flash download and/or
flash breakpoints with other J-Links, every J-Link needs a license.

Device-based license

The device-based license comes with the J-Link software and is currently available
for NXP LPC devices from LPC21xx to LPC24xx. It includes a license for RDI, flash
download and flash breakpoints. The device-based license has to be enabled by the
customer via the J-Link RDI configuration dialog. How to enable a device-based
license is described in detail in the section Device-based license on page 17.

J-Link RDI(UM08004) © 2004-2009 SEGGER Microcontroller GmbH & Co. KG
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2.3.1 Built-in license

This type of license is easiest to use. The customer does not need to deal with a
license key. The software automatically finds out that the connected J-Link contains
the built-in license(s). To check what licenses the used J-Link have, simply open the
J-Link commander (JLink.exe). The J-Link commander finds and lists all of the J-
Link’s licenses automatically, as can be seen in the screenshot below.

3. 3-Link Commander M=l E3
SEGGER J-Link Commander U3.78d <'7' for help>

Compiled Jan 16 2888 19:55:4@

DLL version U3.78d, compiled Jan 16 2888 19:55:31

Firmware: J-Link ARM U6 compiled Jan 21 26088 16:81:17

Hardware: UG.@AH0

S/N :
Feature(s> : RDI, FlashBP. FlashDL
UTarget = 3.386U
Info: TotallRLen = 17, IRPrint = Bx881129
JTAG speed: 38 kH=z
Info: CP15.8.8: Bx41259668: ARM. Architecure 5TE
Info: J-Link: ARM?. 966 core
Found 3 JTAG devices,. Total IRLen = 17:
Id of device H#8: BxB4570041
Id of device #1: Bx259660841
Id of device H#2: Bx2457F@41
Found ARM with core Id Bx25966841 (ARM?>
3 EIHkg1.3: 1 pairs addr.comp, B data comp, 4 MM decs. 1 counters
—Lin

This J-Link for example, has built-in licenses for RDI, flash download (FlashDL) and
flash breakpoints (FlashBP).

2.3.2 Key-based license

When using a key-based license, a license key is required in order to enable the J-
Link features RDI, flash download and flash breakpoints. License keys can be added
via the RDI license management. The RDI license management can be found in the
RDI configuration dialog. For more information about how to use the RDI license
management, please refer to chapter License (J-Link RDI License managment) on
page 44. Like the built-in license, the key-based license is only valid for one J-Link,
so if another J-Link is used it needs a separate license.

When using RDI and no license is found by the software, it will ask for a key. The
error dialog should look like in the screenshot below.

J-Link RDI License [ <]
Somy, no valid license for RO found.
J-Link §/M is
Flease contact SEGGER Microcontroller
[ segger.com, sales@segger.com)

ta obtain a license.

Time limited trial versions are available.

If Enter license is chosen, the RDI license management dialog opens and the license
key can be added as described in chapter License (J-Link RDI License managment)
on page 44.

If one of the features flash download and flash breakpoints is used and no license is
found, an appropriate error dialog appears.

2.3.3 Device-based license

The device-based license is a free license, available for NXP LPC devices from
LPC21xx to LPC24xx. It's already included in the J-Link RDI software, so no keys are
necessary to enable this license type. To activate a device based license, a supported
device needs to be selected. The device-based license includes a valid license for
RDI, flash download and flash breakpoints.
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18 CHAPTER 2

Licensing

2.3.3.1 Enabling a device-based license

In order to enable a device-based license, flash programming has to be enabled and
the appropriate device has to be selected. For example if the device-based license for
RDI and flash download for a NXP LPC2378 shall be enabled, the J-Link RDI configu-
ration dialog should look like in the screenshot below.

3 SEGGER J-Link RDI ¥3.78d Configuration

Generall It IJTAG Flazh |Breakp0ints| CPU I Log I

Allows programming the flazh. This is required to download a program into flash
memory or ko set zoftware breakpoints in flash [flazh breakpoints).

[Device [P (Phips] LPC2378 =
RaM [32KB @ address (x40000000
Flash [S00KE @ addiess 0x0

v Cache flash contents

the tranzfer between debugger and target.

Allows caching of flash contents. This avoids reading data twice and speeds up

v Werify flash contents

Allows verifying of flash contents. Thiz iz useful to check if the program was
downloaded to flash memary comectly.

v Allow flash download

lnader. This feature requires an additional license [FlashDL).
¥ Skip download on CRC match

Allows program download to flash. 'our debugger does not need to have a flash

()3 I Cancel |

Apply |

For more information about the J-Link RDI configuration dialog, please refer to chap-

ter Configuration dialog on page 43.

2.3.3.2 Device list

The following list contains all NXP LPC devices which are supported by the device-

based license.

Manufacturer Name
NXP LPC2101
NXP LPC2102
NXP LPC2103
NXP LPC2104
NXP LPC2105
NXP LPC2106
NXP LPC2109
NXP LPC2114
NXP LPC2119
NXP LPC2124
NXP LPC2129
NXP LPC2131
NXP LPC2132
NXP LPC2134
NXP LPC2136
NXP LPC2138
NXP LPC2141
NXP LPC2142
NXP LPC2144
NXP LPC2146

Table 2.1: Device list

J-Link RDI(UM08004)
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Manufacturer Name
NXP LPC2148
NXP LPC2194
NXP LPC2212
NXP LPC2214
NXP LPC2292
NXP LPC2294
NXP LPC2364
NXP LPC2366
NXP LPC2368
NXP LPC2378
NXP LPC2468
NXP LPC2478

Table 2.1: Device list

J-Link RDI(UM08004)
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Chapter 3

Using J-Link RDI with different
debuggers

This chapter describes how to use J-Link ARM with different debuggers via RDI.

The J-Link RDI software is an ARM Remote Debug Interface (RDI) for J-Link ARM. It
makes it possible to use J-Link ARM with any RDI compliant debugger. The package
consists of 2 DLLs, which need to be copied to the same folder. In order to use these
DLLs, they need to be selected in the debugger. J-Link RDI is a separate item and not
included in the J-Link ARM software.

J-Link RDI(UM08004) © 2004-2009 SEGGER Microcontroller GmbH & Co. KG
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3.1
3.1.1

CHAPTER 3

IAR Embedded Workbench IDE

Software version

The JLinkRDI.d1l1l has been tested with IAR Embedded Workbench IDE version 4.40.
There should be no problems with other versions of IAR Embedded Workbench IDE.

All screenshots are taken from IAR Embedded Workbench version 4.40.

3.1.2 Configuring to use J-Link RDI

1. Start the IAR Embedded Workbench and open the tutor example project or your
desired project. This tutor project has been preconfigured to use the simulator driver.

In order to run the J-Link RDI you must change the driver.

#% 1AR Embedded Workbench IDE
File Edit View | Project BDI Tools Window Help

beEdd

ce
I Flash Debug

Files

B [E]Start - F
2 G Applic
| = Rinte
| = Rinte
| BEE
@ [ Cstart
L@ 3 Outpu

Add Files...

Add Group...

Import File List...
Edit Configurations...

Using J-Link RDI with different debuggers

Femove

Create Mew Project...
Add Existing Project...

=] B3
EN S E e E T SRR 250
 x
(B -
st, enable the clock of the IIO
PHC_EnablePeriphClock ( ATS1C_BASE_PMC, 1 << ATSIC_ID PIOL ) ;
b, we configure the IIO Lines corresponding to LEDD to LED4
bhe outp . No nesed to set these pins to be driven by the PIO becguse it i

|P10_cegoutput( AT91C_BASE_PIDA, LED_MASK | ;

Source Code Contral

-

PIO_SetOutput( ATSIC_BASE PIOA, LED _MASE )

Make F7 it timer interrupt

Compile STRG+F7  (APiEUN

Fiebuild &1 p forever

Clean 1SS Orce g Shot on eackh led

Batch build F8 { i=0 ; i < NB_LEB ; it+ ) {

= = 91F PI0_Cleardutput| AT91C0_BASE_PIOL, led mask[i]):
St Eild iti):

91F _PI0_SetOutput| AT91C_BASE_PIOA, led mask[i] )

Debug STRG+D

ke & Hestart [Mebugger,

it():

Start I

'

'

A Once a Skot on edch led

for { i = (NE_LEE - 1} ; i 3= 0 ; i-- ] {

AT91F PIO_ClearOutput( ATS1C_BASE_PIOA, led mask[i]):

wait():
ATS1F PIO_SetOutput( ATS1C_BASE_PIOA, led mask[i]):
wait():

'

|ful &) «]

3y the LED's. On the EBSS we must apply a "1" to twrn off LEDs

Edit options for the selected item

J-Link RDI(UM08004)
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2. Choose Project | Options and select the Debugger category. Change the
Driver option to RDI.

Options for node “Basic” E

Categony: Factary Settings |

General Options
C/C++ Compiler Setup | Downloadl Extra Dptionsl F'Iuginsl
Azzembler
Custorn Build Diriver ¥ Bunto

Build &ctions - -
Linker I RDI J Imaln

Simulator

Angel

4R RIOM-monitor I™ Use macro file
J-Link

M acraigor I J
ROI . A

Third-Party Driver

— Setup macro

$TOOLKIT_DIR$ACONFIGYioatd] sam? :64. ddf J

()3 I Cancel |

3. Go to the RDI page of the Debugger options, select the manufacturer driver
(JLinkRDI.d11) and click OK.

Options for node “Basic” E

Categony: Factary Settings |

General Options
C/C++ Compiler G
Azzembler
Cusztomn Build
Build Actions IE:\segger\J LinkRDI%JLinkR D1 dIl
Linker

[ebugger
Simulatar I &low hardware reset Use the RDI menu to specify

additional driver gettings. [Thiz

Manufacturer RDI driver

Mote

Aingel . menu iz available after the RDI
145 ROM-moritor [~ ETM trace driver has been located)
J-Link
M acraigor — Catch exceptions
[T Besst [ Daa [ FIO
Third-Party Driver [~ Undsf I Prefetch
Cswl I IRE
™ Log RDI communication
[(TO0LRIT_DIRS\espycomm.iog [
()3 I Cancel |

4, Now an extra menu, RDI, has been added to the menu bar.
Choose RDI | Configure to configure the J-Link. For details refer to the configu-
ration chapter.

#% 1AR Embedded Workbench IDE

File= Edit Wiew Project | RDI Tools  Window Help

O = E ﬁ | % | Confiqure. .. | j

J-Link may also be selected directly in the debugger of the IAR Embedded Workbench
IDE; RDI can be used, but is not necessary to use the IAR Embedded Workbench IDE
with J-Link ARM unless you want to use one of the features offered by J-Link RDI
(e.g. flash breakpoints or flash download).

Debugging on Cortex-M3 devices

The RDI protocol has only been specified by ARM for ARM 7/9 cores. For Cortex-M3
there is no official extension of the RDI protocol regarding the register assignement,
that has been approved by ARM. Since IAR EWARM version 5.11 it is possible to use
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J-Link RDI for Cortex-M3 devices because SEGGER and IAR have been come to an
agreement regarding the RDI register assignment for Cortex-M3. The following table
lists the register assignment for RDI and Cortex-M3:

R:ar?(;se:(er Assigned register
0 RO
1 R1
2 R2
3 R3
4 R4
5 R5
6 R6
7 R7
8 R8
9 RS
10 R10
11 R11
12 R12
13 MSP / PSP (depending on mode)
14 R14 (LR)
16 R15 (PQC)
17 XPSR
18 APSR
19 IPSR
20 EPSR
21 IAPSR
22 EAPSR
23 IEPSR
24 PRIMASK
25 FAULTMASK
26 BASEPRI
27 BASEPRI_MAX
28 CFBP (CONTROL/FAULT/BASEPRI/PRIMASK)
Table 3.1:

Flash download and flash breakpoints are also available for RDI with Cortex-M3, but
each needs an additional license.

3.1.3 Limitations

Their are no known limitations. All features including download into flash (add.
license) and breakpoints in flash memory (add. license) can be used.

3.2 ARM’s AXD (ARM Developer Suite, ADS)

3.2.1 Software version

The JLinkRDI.d1l1 has been tested with ARM’s AXD version 1.2.0 and 1.2.1.
There should be no problems with other versions of ARM’s AXD.

All screenshots are taken from ARM’s AXD version 1.2.0.
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3.2.2 Configuring to use J-Link RDI

1. Start the ARM debugger and select Options | Configure Target.... This opens the
Choose Target dialog box:

Choose Target EH |

— Target Environments

T arget | RO | File | Werzion |
ARM TPA 151 CAToolCA ARYT.DLL 1.0.019
S ARMLIL 151  CAToobCh. Narmulate. dl 1.4.0.89

Bemove
Rename

Save bz

EElE

Configure

Uze the 4Rk Debugger with the ‘ARkMulator’ Instruction Set Simulatar, Thig allows pou to
execute ARM programs without phyzsical ARM hardware, by gsimulating the ARk
inztruchions in sofbware.

k. I Cancel | Help

2. Press the Add Button to add the JLinkRDI.d11.
Open HE
Look jn: I‘ﬁJLinkHDI j i £5 Eo-

JLinkssrn. i
LinkRDLdl

File name: — [ILinkRDI.dI Qpen |
Files of twpe: IDLLS [=.dll) j Cancel |

i
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CHAPTER 3 Using J-Link RDI with different debuggers

3. Now the J-Link RDI is in the Target Environments list.

Chooze Target

— Target Environments

Segger JLink ARM JTAG

Target | RO | File | “ersion | Add
ARM TP, 151 CAToohCh. SEVT.DLL 1.0.0.19

| ARMUL 151 CATookCh Sarmulate di 1.4.0.59 Femove
=Lk, 151 CAJLinkBD JLinkRDL.dl —

Fiename

Save Az

).

Configure

o]

Cancel Help

4. Select J-Link and press OK to connect to the target via J-Link ARM. To configure
J-Link RDI refer to the chapter Configuration on page 41. After downloading an

image to the target board, the debugger window looks as follows:

@3 AXD - [ARM_1 - C:\work\emb0S5\embOS_ARM_RYDS 21\stant\CPU_STR71X\SAMPLE\Main_LED c]
@ File Search ProcessorViews Systemiews Egecute Options Window Help - ﬁ'lll
Alse] 2| £)8) & | Gl | EeEEEEE | S 20 | 20 mlelelel £ £ 8] 2
. I
ARM_1 - Registers =
= J 22 woid Taskl(woid) { _I
Register [ aine =] 23 while {1} {
E-Current {0} 24 LED ToggleLEDL():
o 0x20001580 25 05 _Delay (200)7
Tl 0x20001588 ¥ }
r2 Ox00000150 g; }
r3 Ox00001E&D 29
rd 0x2000063C a0 *
r5 Dx00001E70 31 # nain
rh Ox00000000 3z *
r? Ox00000000 33 £
8 0x00000000 34
s 000000000 Iﬂgg m‘n;smimr()\rmc?dj ' /% Tnitially disable int ts v/
_Incl H nitially dis e interrupts
r1o 00002780 37 0%_InitKern(): J* dinitialize 0% *
rll 0x00000000 38 03_InitHW() ; /% initialize Hardware for 03 %/
rlz 000000451 39 LED_Init(): /% initialize LED ports L
rl3 O0x20001540 40 A% ¥You need to create at least one task here ! *
rld Ox00001EALS 4l 0%_CREATETASK(<TCEO, "HP Task"™, Task0, 100, Stack0):
pe 0x00000450 & 4z 05 CREATETASK{sTCEL, "LF Task”, Taskl, 50, Stackl);
cpsr nzewglFT_SV0 43 0%_Startc(): /* Atart multitasking *
e 44 return 0;
Spsr nzewgift_User a5 )
E1lser/dysten [t a6 I=
E-F1q [ = | 2
Target Image |Fi|es | Class | Breakpaints ARM_1 - Memory  Start address|0:0 j
= =l CempenbD 5 St STRTTRE || | [ State | Processor | P Tab1 - Hex - No prefis |Tab2.Hex.NDD[eﬁx| Taha - Hew - No prefix | Tahd - 4| »
AHM 1 g
¥ ARM_1 i Address | 0| a | 5 | c | i’
000000000 ESSFFOLE ESOFFOLS ESOFFOLS ESOFFOLS
000000010 ESSFFOLS ELlA00O00 ES9FFOL4 ES9FFOl4
000000020 00002444 opoooosc 00000040 oooooo44d
000000030 00000048 ono0z2Fo onoono4c EAFFFFFE
000000040 EAFFFFFE  EAFFFFFE  EAFFFFFE  EAFFFFFE
N M | B | Jwonnnanen vannnnnn  wannnms  wosernss  weacneon
For Help, press F1 <Mo Pos> |J-Link |ARM_1 |Stat_STR71x.axf 2

3.2.3 Limitations

Their are no known limitations. All features including download into flash (add.
license) and breakpoints in flash memory (add. license) can be used.
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3.3 ARM’s RVDS (RealView developer suite)

3.3.1 Software version

The JrLinkRDI.dll has been tested with ARM’s RVDS version 2.1 and 3.0. There
should be no problems with earlier versions of RVDS (up to version v3.0.1). RVDS
version 3.1 does not longer support RDI protocol to communicate with the debugger.

All screenshots are taken from ARM’s RVDS version 2.1.

3.3.2 Configuring to use J-Link RDI

1. Start the Real View debugger:

<& RVDEBUG<Start_STR71x>

-Eile Edit Find “iew Project Tools Debug Help
OjEEH | P ERES e i@ ¥ el EE R EEE 2% | se=tmwmewn
File: [$MNO_SOURCE Find:l =l Line:l | [ ~
Not connected - no PC or scope
Click to Comnect to a Target <No Register Contexts
= = >y core / =l H
4 | 3 I- Sre 4 rtosinit_str7x.cHf vedors.s+/ HiF
= Hame |Ualue = ;I
=
||« [ I» [ cal stack Statics J 4 | | _ | =l
=
—: Hone |
| « | » [\ cmd {sta0 JBuie fFieFind £ Sretin fLog i 2|
Far mare information, select Help fram Menu Ln1, Cal1 MM v
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CHAPTER 3 Using J-Link RDI with different debuggers

Select File | Connection | Connect to Target.

& RVDEBUG<Start_STR71x>
Bl Fi= Edi Find View Project
T

Toolz: Debug Help
i o2 o P e S
j Line:l_ | @ -

-

|

) Open... Chil+0
E [lmse (BTt
Wotl  Elaze Logs/daurmals..

Cl:
b Eave [R5
Saye s,

Saye/tlose Muliple..

<No Register Contexts

Eeload (mage to Target Bk

‘Workspace 3
Conngction Connect to Target.. Alt+0
Thread ¥ Wiseanmest ([Mefining Made]..

: Wiscanmest AT
Load linage.. Cik S0 LConnection Properties. .. Al+Shift+0

Synchranization Eartalk. 4 | 3 |\ Care 1 2
ﬂ_ Eefrest Sumbals et jll J J
= Set Pt Entrr Bt EilrEhiftEs Attachiwindevite a Conrection ;I
hd Eirat.. [Silef
Fiecent Files 3 Ly
. Fecent ‘Workspaces 3
:"_' Fecent mages 3
-. [ e
g fid -
= Exxit _I
=
-
cmd {5t JBuid £ FileFind £ Srectrl flog i 2|

Select target(z] to connect ta

ntcolt [ [ [ NUM[

In the Connection Control dialog use the right mouse click on the first item and
select Add/Remove/Edit Devices

Hame | pescription
% -4-FR APM Ltd. BDI targets |
AFMulato)  Collapse Al T simulator
HEMulti-IC Expand Vehicles erface [parallel port)

% AR~ ARM-PP

ol [(serial port)

Connection Properties. ..
Add/Bemaoves/Edit Devices. .

Select Board-File... ECL

%5 ARMOAR, Mewm

#% ARM-ARM-DIR

% LRM-ARM-NT
TERealView IC

BVIEOZEET-5_T1..

T oL Lo T

AFM Wehicle
Macraigor Wiggler
ARM Ltd. Direct Connection
Versatile Platform for ARMOZEET-S
RealViewICE
E ARM JTAG debug interface

ontiect [ABM+0ak)

[USE port)

{TCE/IF)

J-Link RDI(UM08004)
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4. Now select Add DLL to add the gLinkRDI.d11. Select the installation path of the
software, for example:
C:\Program Files\SEGGER\JLinkARM_V350g\JLinkRDI.dll

RDI Target List ]|
Uze the check bokes to add or remove RO targets from the connection manager;
Mame | Y ersion | D escription |
M7 Remate_a vl.2 #ngel debug protocol [zenial port)
§:_>_ kuilki-I CE v 25 ARKM JTAG debug interface [parallel port)
[IM] 2R Mulator v1.4 AFM instruction set simulatar
Add DLL... Feset lizt [EarETE:.. BEmave [pliEate... |

5. After adding the DLL, an additional Dialog opens and asks for description: (These
values are voluntary, if you do not want change them, just click OK) Use the fol-
lowing values and click on OK, Short Name: JLinkrRDI Description: J7-Link
ARM RDI Interface.

Create New RDI Target |

Enter a name and a dezcription for the new entiy in the
connection ligt:
Short Mame [example - "Dual FTOMI"):

IJLinkHDI

Dezcription [example - "tuli-ICE with bwo ARk 72
IJ-Link AR RO Interface]

aF. I Cancel
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CHAPTER 3 Using J-Link RDI with different debuggers

6. Back in the RDI Target List Dialog
Select JLink-RDI and click Configure. For configuration details refer to chapter

Configuration on page 41.

RDI Target List ]|
Uze the check bokes to add or remove RO targets from the connection manager;
Mame | Y ersion | D escription |
R ILinkRDI J-Link AR BDI Interface
[ Remote_a vl.2 Angel debug protocol [zerial part)
Q kulti-| CE w2 25 ARM JTAG debug interface [parallel part)
[ 2Rkulator v1.4 AFM instruction set simulatar
Add DLL... Feset lizt Configure. .. Femove | Duplicate... |

7.

J-Link RDI Configuration

General I [ it

JTAG |F|a$h I Breakpaintsl CPU I Log I

Click the OK button in the configuration dialog. Now close the RDI Target List
dialog. Be sure your target hardware is already connected to J-Link.

(7] ]

—JTAG speed
£ Aubo selection

" Adaptive clocking

o |3n -] kHz

Ersition ID vI

1z closestibo T

— JTAG scan chain with multiple devices

Eiler IU

sumefiFLensahidevices closer fa TEIL
|ElCem et &R ehipe s 4

Uzl iAo

Cancel | Apply |

o ]
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In the Connection control dialog, expand the JLink ARM RDI Interface and

select the ARM_0 Processor. Close the Connection Control Window.

¢! Connection Control [Admimstrath\rvdebug.brd]

Help
Hame | pescription
[FHén ARM-4-FR APM Ltd. RDI targets

FE ARMulator APHM instruction set simulator
=HEE TLinkRDI. dll J-Link &4BM BDI Interface
éFbl AEM $120.] ARM on localhost |

[FHEg Rerver Connection Broker
+ % localhost Jimulator Eroker

[EHie ARM-VIA-LP MotorolasMacraigor Wiggler emulator
FEZMO0T WIGGLER Macraigor Wiggler

[FHe ARM-ARM-D IR ARM Ltd. Direct Contection

@?PBQEEEJ—S_U... Versatile Platform for ARMIZeEJ-3 (U3E port)

Now the RealView Debugger is connected to J-Link.

RYDEBUG<Start_S5TR71x> = @ARM_D:ARM-A-RR
-Eile Edit Find “iew Project Tools Debug Help

DjeE|f2eEaradd el t+IEcEEE8E |DEE| B & &) st [5pped

<Nokddr»
| <Noiddrs

B T DA

File: [$MNO_SOURCE Find:l =l Line:l | [ ~
No source for context: _ENTRY ‘<entry point> El
Click o Load 'C:htewp'ewb03 Start 3TR71xA\RAMY Start STR71x.axf' B0 oonoooon =38 000000~
Rz oooooooo R3 ooooog
Rd oooooooo RS ooooog
RE oooooooo R7 ooooog
R& oooooooo RS ooooog
E10 00000000 E11 00000
Elz 00000000 5P oooooc
LR oooooooo PC oooooc
CPSE 00000003
wzrwl ®#Tal TRo L TF | Manw
4 | >|- Sro {rtosint_str71 o+ vectars s+ ﬂ >|v| A+ [y Core ﬂ_ILI
<Hodddes =]
nknowm Locations - | <Hohddr:
<Nokddr»
<Nokddr»
—

> connect,route 2

> conmect 10

Advanced info searched in: Local Advanced info

Using Advanced info based on 'Default' or 'all’

Warning: Vector catching specification is not supported by target.
Warning: No stack/heap or top of memory defined - using defaults.
Comnected Target is: ARM

Vehicle: ARM MultiP, BDI w¥l.51 wia DLL

Mode: Little Endian

Cmd &Sl £ Build £ FileFind £ SrcCirl £*Log ﬂ

=
=
=

Currently opened file Ln1, Cal1 MUK v
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10. A project or an image is needed for debugging. After downloading, J-Link is used
to debug the target.

RYDEBUG([Start_5TR71x) = @ARM_0:ARM-A-RR

-Eile Edit Find “iew Project Tools Debug Help
D ' BB rPHFR Rt IX sl R8E D=
File: [main_led ¢ Finet: [ =] ine: | B -
while (1} 1§
LED_ToggleLEDL(]; R0 o0nocssn Rl 0000csss =
05_Delay (200): RZ ooooolso R3 000o01Fan
™~ ' R4 0000B&3C RS 000o01Fsn
o 13 goooooon R7 goooooon
: RS goooooon RS goooooon
. M El0  0000zZ590 E11 00000000
L, nain ElZ 00000515 SP 0000csan
. LR 00001Fss rC ooooos14
w / CPSE 000000F3
. nzcv| FIo| IRQ| STATE| MODE
»* 0000 DIS DIS| Thumb $¥C
08_IncDI(); /% Initially disable interrupts =/ HUsR
05_InitKerni(): /% initialize 0% i E IR
05_InitHWi): /% initialize Hardware for 03 w7 HFIQ
LED_Init(): A% initialize LED ports L [# 3w
/% ¥ou need to create at least one task here ! w4 [HAET
05_CREATETASK (sTCEO, "HP Task”, Task0, 100, Stackd): HmD
05_CREATETASK(sTCEL, "LP Task”, Taskl, G50, Stackl):
ul = Yo il tart wgalidit IEE RIS A
main_led.c: ){rtosin'rt_strﬁx.c Kvedors.s/ ﬂ >|v| A+ [y Core ﬂ jll
Type |Ualue = 00000000 0xESSFFOLE OxESSFFOL1S OxESS9FFO18 OXESSFFOLS ;I
[ # Instr | WMAIN LEDY#35:0 = | 00000010 OXES9FFOLE | 0xEL1A00000| OxESSFFO14| OXES9FFO14
- 00000020| 0x00002554 0x0000003C 0x00000040 0x00000044 ey
| 00000030 000000045 0x00002300| 0x0000004C 0xEAFFFFFE
00000040 0xEAFFFFFE OxEAFFFFFE O0xEAFFFFFE O<EAFFFFFE
00000050 0xEAQOOQ00D ) 0xEACQOQ7EE OxEZSFCOZS OxESSCOCO0 LI
Bl pi \MAIN LEDV#35:0 =]
|7 oo
Stopped at 0x00000514 due to 3W Instruction Breakpoint
Stopped at 0x00000514: MAIN LED%main Line 35 J
i =]
Far mare infarmation, select Help fram Menu ’W l— l— l— W l_ i

3.3.3 Limitations

Their are no known limitations. All features including download into flash (add.
license) and breakpoints in flash memory (add. license) can be used.
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GHS MULTI

Software version

The JLinkRDI.d1l1l has been tested with GHS MULTI version 4.07. There should be no
problems with other versions of GHS MULTI.

All screenshots are taken from GHS MULTI version 4.07.

3.4.2

1.

Configuring to use J-Link RDI

Start Green Hills Software MULTI integrated development environment. Click Con-
nect | Connection Organizer to open the Connection Organizer.

[= | - -
File | Method = Target

Opet
[Earitest b lanaet j
Canmest and ebug Npen Executatle,
Eanmest and Mebug,..
[Canmest and Elash..

Eddif...
[Sapy..
=
[elete

Click Method | New in the Connection Organizer dialog.

[= | - -
File | Method = Target

Opet
[Earitest b lanaet I e

Canmest and ebug Npen Executatle,
Eanmest and Mebug,..
[Canmest and Elash..

Eddif...
[Sapy..
=
[elete

The Create a new Connection Method will be opened. Enter a name for your
configuration in the Name field and select Custom in the Type list. Confirm your
choice with the Create... button.

Create New Connection Method
Mame: IJ-LinkI

Type: I Custom j

Cancel |
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4. The Connection Editor dialog will be opened. Enter rdiserv in the Server field
and enter the following values in the Arguments field:
-config -dll <FullPathToJLinkDLLs>
Note that JLinkRDI.dl1l and JLinkARM.d11l must be stored in the same directory.
If you have used the standard J-Link installation path or another path that
includes spaces, enclose the path in quotation marks.
Example:
-config -dl1l "C:\Program Files\SEGGER\JLinkARM V350g\JLinkRDI.d11l"
Refer to GHS manual "MULTI: Configuring Connections for ARM Targets", chapter
"ARM Remote Debug Interface (rdiserv) Connections" for the complete list of
possible arguments.

M ame: IJ-Link
Type: I Custarn
I™ Log Connection to file: I s
MULTI Target Setup Script: I ﬁ
Connect for: ¢+ Download (Download and debug application)
= Attach [Debug application already on target)
" Board Setup [Debug board initialization sequence)
Server I rdisery
Arguments: I -config -dil "C:WProgram Files\SE GGE R LinkaRM_v350g4Link RD1dI'
|
Connect | ’TI Cancel | Revert | Apply |

5. Confirm your choices by clicking the Apply button and click afterwards the Con-
nect button.

Mame: I I-Link,

Type: I Custarn

I™ Log Connection to file: I

¥ ©

MULTI Target Setup Script: I

Connect for: ¢+ Download (Download and debug application)
= Attach [Debug application already on target)
" Board Setup [Debug board initialization sequence)

Server I rdisery

Arguments: I -config -dll "C:%Pragram Files\SEGGERJLinkARM_V350g\ LinkRD1.dlI"

I mode=download rdizery -config -dll “C:4\Program Files\SEGGERLinkARM_350g% LinkRD1.dlI"

Eonnectl QK I Eancell Hevertl Apply |
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6. The J-Link RDI Configuration dialog will be opened. J-Link RDI requires a valid
license. If you do not have entered your J-Link RDI license, click License and
add your license with the J-Link RDI License management. Refer to chapter
Configuration on page 41 for further information about the options of the J-Link
RDI Configuration dialog and the usage of the License Manager.

J-Link RDI Configuration EHE

General | int | JTAG | Flash | Breakpaints | CPU |

J-Link-RDI iz an RDI compliant software for J-Link
ARM. It requires a license [RDI). which can be
obtained from SEGGER [wwiww. zegger. com).

Thiz software iz also capable of programming the
flazh memory of zeveral ARM microz, which can be
uzed to download wour program to flash [Requires
the add. license "FlazhDL"] and to set an unlimited
number of zoftware breakpoints in flash [Requires
the add. license "FlashBF"].

— Connection to J-Link

) TCP/AP [192168133.17

1 Logtafile

| .

About |
= Loeation of canfig file
J License |

Beset Config |

QK I Cancel | Apply |

7. Click the OK button to connect to your target.

8. Build your project and start the debugger. Note that you have to perform at least
one action (for example step or run) to initiate the download of your application
to the target.

E& C:\Work\Basic._ghs - MULTI Debugger

File Debug “iew Browse Target Toolz Config ‘Windows Help
YHFp e NEREERQARQALIL AR
16 i |
47 void wait [ woid )
438 1 {//* Begin
49 2 unsigned int waiting time ;
. Ox20027c  wait: hsoo PUZH {LE}
- Ox20027e wait+0xi: his4 3UE 3P, 3P, 16
50 3 change speed () :
- Ox200280 wait4+0xd: f7fEE££d4 EL Oxffffffasd (change speed (OxZ00ZZc))
S1 4 mp for(waiting time = 0; waiting time < Led3peed; waiting time++) ;
- Ox2002584 wait4+0xS: 2000 Mo RO <waiting time>, O J
- Ox200286 wait4+0xa: =000 E Ox0{wait+0xe [(OxZ00Z3a))
MDXZDDZSS wait+0xoc: 3001 ADD RO <waiting time>, 1
s Ox200Z8a wait+Oxe: 4922  LDR Ri, [PC, 136] (sLedSpeed (Ox200314))
s 0Ox20028c  wait+0x10: G50 LDE B3, [R1,0]
- Ox200258e wait+0x1Z: 4295 CHMP RO <waiting timex, R3
- O0x200290 wait+0x14: difa ECC OxffEffEFS (wait+0xe (0x2002585) )
52 5 +/4® End
- O0x200292 wait+0xl6: hioo4 ADD 3P, 3P, 16
. O0x200294 wait+0x1S: heois FOF {R3}
- O0x200296 wait+Oxla: 4718 BX R3
53 =
i | o
[Mied =] Fie: [mainc =l Pree: [wait B <=
Finished executing setup script. ;I
Downloading program text and data. Please Wait...
Download complete.
running 'C:h%WorkhBasic.ghs'
MULTI> | _I
-
4] | »
Crnd | Trg"l 140 |5 || STOPPED INSIDE

3.4.3 Limitations

Their are no known limitations. All features including download into flash (add.
license) and breakpoints in flash memory (add. license) can be used.
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3.5 KEIL pVision IDE

3.5.1 Software version

The JLinkRDI.d1l1l has been tested with KEIL pVision3 IDE version 3.34. There
should be no problems with other versions of KEIL pVision.

All screenshots are taken from KEIL pVision3 version 3.34.

3.5.2 Configuring to use J-Link RDI

Start KEIL uVision and open your project.

E Blinky - p¥ision3 - [C:\Keil3030\ARM\RY304B oards\Keil\MCB 2300%Blinky\Abstract_txt]

ElFile Edit View Project Debug Flash Perpherals Tooks SYCS Window Help =lEl x|
AEHE| L@ oR|EE %R G Zpl# |« = @ | & q [E]E] o P m

& (8 8 % $ R[LPC2378 Flash am=

v x|

The Blinky project is a simple progrsm for the LPC2Z378
using Eeil 'MCBZ300' Ewvalustion Board and demonstrating
interrupt functionslity.

[v]

Example functionality:

BH77 Documentation - Clock Settings:
- ZTAL = 12 MHz
- PLL = &858 MH=z
- processor clock = 57.6 MHz
- U3E clock = 43 MHz
- peripheral clock = 14.4 MH=z

- TUART1 settings
(baudrate = 9600, 8 data bits, 1 stop bhits, no parity)

- TimerD timer is actiwvating clock 1s every 1 second,
starting AD conwversion (every 1 ms) and displaving
bargraph on 8 LEDs, it works in interrupt mode

- AD conwversion is done in interrupt mode

- AD walue is sent ewvery 1 second on UTART1

- text is displayed to textual LCD

- bargraph is displayed to textusl LCD, according to
potentiometer position

- 8 LEDs state represent the potentiometer position

The Blinky progrsmm is swvailskhle in different targets:
Simulator: configured for software Simulator
MCEZ300 Flash: runs from Internal Flash located on chip —
fused for production or target debugging)

e _’l_I
E(@|*s = | LPC2300s |2 Birkpc | LOD dhitc B IRO.c Abstractt

*|Load "C:\\Keil303o0\\ARM\\RV30\\Boards\\Keil\\MCB2300\\Blinky\\Flash\\Blinky .AXF" j
i
E
2
§ M I Build A Command A Find in Files |[«! | ;|_I
Ready |RDI Irterface Driver [ i
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Select Project | Options for Target '<NameOfYourTarget>" to open the project
options dialog and select the Debug tab.

Options for Target 'LPC2378 Flash' [ %]
Devicel Targetl Dutputl Listingl User I EI.-"EI++| Asm I Linker Debug | Utilitiesl
' Use Simulator Settings | & User |RDI Interface Driver j Settings |
™ Limit Speed to Real-Time ULIME ARM Debugger
LILIME Cortex-M3 Debugger
s g RO Interface Diver
i i -
I_. . L.oac! App.llc:atlon at Startup ™ Run to main() |_ . L.oac! Lirmirean Eval Boad
Initialization File: Initializatiq Sigrum Systems JTAGjet
| =) = P
Festore Debug Session Seftings————————————————— Festore Debug Session Seftings—————————————————

V' Breakpoints V' Toolbox V' Breakpoints V' Toolbox

V' ‘watchpoints & P4 IV ‘Watchpoints

V' temary Display V' temary Display
CPU DLL: Parameter: Driver DLL: Parameter:
ISAHM.DLL I-cLPE21 00 ISAHM.DLL |
Dialog DLL: Farameter: Dialog DLL: Farameter:
IDAHMP.DLL I-pLPE23?8 ITAHMP.DLL I-pLPE23?8

QK I Cancel | Defaults | Help |

Choose RDI Interface Driver from the list as shown above and click the Settings
button. Select the location of JLinkRDI.d1l1l in Browse for RDI Driver DLL field.
and click the Configure RDI Driver button.

RDI Interface Driver Setup [ %]
— Browse for RDI Drriver DLL
|E:\Program Files\SEGGER LinkaRb_\359a% LinkRD1dll |

— Browse for ToolConf File

| —

—Debug
" Cache Options

F E:E:Z %11?:0[}' Configure BDI Driver |

()8 | Cancel |

The J-Link RDI Configuration dialog will be opened. For detailed information about
the confiiguration of J-Link RDI, refer to chapter Configuration on page 41.

3 J-Link RDI Configuration HE

General | int | JTAG | Flash | Breakpaints| CPU | Loa |

J-Link-RDI iz an RDI compliant software for J-Link
ARM. It requires a license [RDI). which can be
obtained from SEGGER [wwiww. zegger. com).

Thiz software iz also capable of programming the
flazh memory of several ARM microz, which can be
uzed to download vour program to flash [Requires
the add. license "FlazhDL"] and to zet an unlimited
number of zoftware breakpoints in flash [Requires
the add. license "FlashBF"].

Connection to J-Link———————————

IDevice 0 'l

© ICPAP |

About |
— Location of config file

License |
C:\Program Files\SEGGERYLinkARM_359a5Link R D1 ini

Beset Config |

QK I Cancel | Lol |
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After finishing configuration, you can build your project (Project | Build Target)
and start the debugger (Debug | Start/Stop debug session).

E Blinky - p¥ision3 - [Dizazsembly] |_ O] x]

@ File Edit “iew Project Debug Flash Peripherals Toole SWCS Window Help =
g tBR|De|EE %% G “laa |« = | & @ E[E] @ e m
#EOBmR R0 |28 QR EERG »
[Praject Workspace - x| 332: Uectors LDR PG, Reset_Addr &
Fiegser [ value || ||z>exee000000 ES9FFE18  LDR PC,[PC,H0xB018]
EEy— 333: LDR PC, Undef_Addr
_______ hD 2 0:00808004% ESYFFES LDR PC,[PC,HOxB018]
0000000 ]
_______ i O0I0000 33n4: LDR PC, SWI_aAddr
_______ 0x00008008 ES9FFES LDR PC,[PC,HOxBE18]
R2 000000000 335+ LDR PC, PADE_Addr
"""" R3 000000000 0x0000000C ES9FFO18 LDR PC,[PC,H0x0018]
"""" R4 0400000000 336: LDR PC, DADL_Addr
"""" RE 000000000 0x0000A018 ES9FFO18 LDR PC,[PC,H#0:0018]
------- RE 000000000 337: HOP ; Reserved Uector
------- R7 0400000000 338: ; LDR PC, IRQ_Addr
------- Ra 0400000000 0x0080861% B9206ESE STHLTDE  R@Y,{R%4,R6,RO-R11,R13-R1k4}
------- R 0400000000 330: LDR PC, [PC, #-0xE128] ; Uector from UicUectaddr
------- R10 0x00000000 0x00808018 ES1FF128 LDR PC,[PC,H-020120]
------- EB11 0=00000000 340: LDR PC, FIO_Addr
------- R12 0400000000 3u1:
....... R13[5P) 000000000 342: Reset_ Addr DCD Reset_Handler
....... 343: Undef_Addr DCD Undef_Handler
_______ 21; {:;HC} g:gggggggg b 3u4: SWI_addr pCD SWI_Handler
B CReR Py 345: PAbE_Addr peD PAbt_Handler
e ; 3u6: DAbt_Addr pCD pAbt_Handler
4 SPsR 000000010 7. peo 0 : Reserued Address
- User/System 348: IRQ_Addr pCD IRQ_Handler
g ‘Fast Intermipt 349: FIO Addr pCD FIQ_Handler _|ZI
= |nkerrupt T
M. C ; - ﬂ_l »
P B e [fnr |[®re | LPczaods |[B] Bikye |[E] LCD_4btc | RGc  |[E) Abstactta (€} Disassembhy
*iLoad "C:\\Keil3030\\ARM\\RV30\\Boards\\Keil\\MCB23 0=l || Addess: [D3itten00 H
0x3FFFCO000: 00000000 0ODOO0Q0000
OxX3FFFCO08: 00000000 00000000
O%3FFFCO10: 600000DF 00000000
0x3FFFC018: 00000000 00000000
O0x3FFFC020: 600000DF 00000000
z s 0x3FFFC028: 00000000 00000000
E # O0xX3FFFC030: 00000000 00000000
S |ASSIGN BreakDisable BreakEnable BreakKill H $|0x3FFFC038: 600000DF 00000000 _
a2 =4 1= SEEESPN Y n
ﬂl 4 | S » [pL] Memory #1 4 Memory #2 J Memory #3 ) Mernor-
For Help, press F1 ‘HDI Interface Diriver |t1: 0.00000000 sec ‘ G
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Configuring flash download via J-Link RDI

You can use the J-Link RDI flash download feature instead of the standard pVision-

flash loader.
Note:

upon request from www.segger.com.

This feature requires an additional licence. A free trial license is avaliable

If you have the required licence and want to use J-Link RDI also for flash download,
select Flash | Configure Flash Tools and choose RDI Interface Driver from the
list in the Configure Flash Menu Command as shown below.

Options for Target 'LPC2378 Flash' [ %]

Devicel Targetl Dutputl Listingl User I EI.-"EI++| Azm I Linkerl Debug  Utilties |

r— Configure Flazh Menu Command

& se Target Driver for Flash Programming

IHDI Interface Driver

gl

Irit File: |

" Use External Tool for Flash Programming

Command;lLPQ‘I 0x_ISP.EXE

Arguments:l"ﬂH" " $0 COM1: 32400 1

I | BuriIndependent

0K

Cancel |

¥ Update Target before Debugging
] Eae |
Defaults | Help |

Click the Settings button and select J-Link Flash Programmer in the Select Flash
Programmer dialog. Confirm your choice with a click on the OK button.

Options for Target 'LPC2378 Flazh' x|
Devicel Targetl Dutputl Listingl User I EI.-"EI++| Azm I Linkerl Debug  Utilties |
r— Configure Flazh Menu Command
& se Target Driver for Flash Programming
IHDI Interface Driver j Settings ¥ Update Target before Debugging
it File: ] Eae |
LR IEEY AR RS S elect Flash Programmer E
EIDmmanl:I:I'—F'CZI 0% ISP
-Link Flash Programmer —_I
Argurnents: I"ﬂH" “®3DC
I= | it e
QK | Cancel | Defaults | Help |

Refer to subchapter Flash configuration on page 48 for detailed information about the
configuration of the flash programming feature.

3.5.3 Limitations

Their are no known limitations. All features including download into flash (add.
license) and breakpoints in flash memory (add. license) can be used.

J-Link RDI(UM08004)
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Chapter 4

Configuration

This chapter describes how to confgure J-Link RDI.
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4.1 Overview

This chapter provides a short overview about the configuration abilities of J-Link RDI.
Normally, the default settings can be used.

4.1.1 Configuration file JLinkRDLl.ini

All settings are stored in the file JLinkRDI.ini. This file is located in the same direc-
tory as JLinkRDI.d11.

4.1.2 Using different configurations

It can be desirable to use different configurations for different targets. If you intent
to do this, you should create a new folder and copy the JLinkARM.d11l and the
JLinkRDI.d1l1l into it. You can now have project A which uses the DLLs in the original
folder and project B which uses the DLLs in the newly created directory. Both projects
will use separate configuration files, stored in the same directory as the DLLs they
are using.

If your debugger allows using a project-relative path (such as IAR's EWARM: Use for
example $PROJ_DIRS\RDI\), it can make sense to create the directory for the DLLs
and configuration file in a subdirectory of the project.

4.1.3 Using mutliple J-Links simulatenously

This procedure can also be used to operate 2 J-Links with different settings on the
same host at the same time.
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4.2 Configuration dialog

The configuration dialog consists of several tabs making the configuration of J-Link
RDI an easy step.

4.2.1 General

J-Link RDI Configuration K E |

General | Init | JTAG | Flash | Breakpaints| CPU | Log |

J-Link-RO iz an RO compliant software far J-Link
ARk, It requirez a license [RD1), which can be
obtained from SEGGER [wiwny, zeqger. com).

Thiz zoftware iz alzo capable of programming the
flazh memony of several AR microz, which can be
uzed to download your program to flash [Requires
the add. licenze "FlazhDL"] and to zet an unlimited
number of software breakpoints in flazh [Requires
the add. licenze "FlazhBP").

Connection toJ-Link

(ol IDeviceD VI

- ICPAP |

= Lacatiomn of comfia hie

Licensze

About |
| e

RBezet Config |

(] I Cancel | Apply |

4.2.1.1 Connection to J-Link

This setting allows to configure if J-Link ARM is connected locally via USB or is con-
nected on a remote system and should be accessed by a given network address.

4.2.1.2 About

Opens the "About" window.
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4.2.1.3 License (J-Link RDI License managment)

1. The License button opens the J-Link RDI License management dialog. J-Link
RDI requires a valid license.

J-Link RDI License management
Feature | Serial number | Expiration |
Add license | | Dizplay gerial number | QK |

2. Click the Add license button and enter your license. Confirm your input by click-
ing the OK button.

Add licenze [ %]

Flease enter your license(s]!

License

(] 3 I Cancel

3. The J-Link RDI license is now added.

J-Link RDI License management [ %]
Feature | Serial number | E xpiration |
RDI 1 never expires

Add license Weletelizense Dizplay gerial number | QK I
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4.2.2 Init

J-Link RDI Configuration

4.2.2.1 Macro file

A macro file can be specified to load custom settings to configure J-Link RDI with
advanced commands for special chips or operations. For example a macro file can be
used to initialize a target system in just about any way required.
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CHAPTER 4 Configuration

4.2.3 Comands in the macro file

Command

Description

SetJTAGSpeed (x) ;

Sets the JTAG speed, x = speed in kHz (0=Auto)

Waits a given time,

Delay(x); % = delay in milliseconds
Reset (x) ; Resets the_ targefc,

x = delay in milliseconds
Go () ; Starts the ARM core
Halt () ; Halts the ARM core
Read8 (Addr) ;

Readlé6 (Addr) ;

Reads a 8/16/32 bit value,
Addr = address to read (as hex value)

Read32 (Addr) ;

Verify8 (Addr, Data); Verifies a 8/16/32 bit value,

Verifyl6 (Addr, Data); Addr = address to verify (as hex value)
Verify32 (Addr, Data); Data = data to verify (as hex value)
Write8 (Addr, Data); Writes a 8/16/32 bit value,

Writel6 (Addr, Data); Addr = address to write (as hex value)
Write32 (Addr, Data); Data = data to write (as hex value)

WriteVerify8 (Addr,

Data) ;

Writes and verifies a 8/16/32 bit value,

WriteVerifyl6 (Addr, Data);|Addr = address to write (as hex value)
WriteVerify32 (Addr, Data);|Data = data to write (as hex value)
WriteRegister (Reg, Data); |Writes a register

WriteJTAG_IR (Cmd) ; Writes the JTAG instruction register
WriteJTAG_DR (nBits, Data) ;| Writes the JTAG data register

Table 4.1: Macro file commands

4.2.4 Example of macro file

J-Link RDI(UM08004)

/*********************************************************************
*

* Macro file for J-LINK RDI

*

LRSS RS S SRR SRR EEEEE SRR R SR EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE RIS I

* File: LPC2294 .setup
* Purpose: Setup for Philips LPC2294 chip

LRI I I I I I I R I S I R R I I I I S S R I R I R R I

*/

SetJTAGSpeed (1000) ;

Reset (0) ;

Write32 (0xXEQ01FC040, 0x00000001); // Map User Flash into Vector area at
Write32 (0XFFE00000, 0x20003CE3); // Setup CSO

Write32 (0xE002C014, 0xOE6001E4); // Setup PINSEL2 Register

SetJTAGSpeed (2000) ;

(0-3f)
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4.2.5 JTAG

J-Link RDI Configuration K E |

Generall [l JTAG |Flash I Breakpuintsl CPU I Log I

—JTAG zpeed

0 Auto zelection

" Adaphive clocking
|30 | kHz

— JTAG scan chain with multiple devices

Eozitian IEI VI B ER IU

("2 el Esestta Tl S af [ Hlens el devices claser ba Tl
= e e e e

ETITAGIEE

(] I Cancel | Apply |

4.2.5.1 JTAG speed
This allows the selection of the JTAG speed. There are basically three types of speed
settings (which are explained below):

e Fixed JTAG speed
e Automatic JTAG speed
e Adaptive clocking

Fixed JTAG speed
The target is clocked at a fixed clock speed. The maximum JTAG speed the target can

handle depends on the target itself. In general ARM cores without JTAG synchroniza-
tion logic (such as ARM7-TDMI) can handle JTAG speeds up to the CPU speed, ARM
cores with JTAG synchronization logic (such as ARM7-TDMI-S, ARM946E-S,
ARM966EJ]-S) can handle JTAG speeds up to 1/6 of the CPU speed. JTAG speeds of
more than 10 MHz are not recommended.

Automatic JTAG speed
Selects automatically the maximum JTAG speed handled by the TAP controller.

Note: On ARM cores without synchronization logic, this may not work reliably,
since the CPU core may be clocked slower than the maximum JTAG speed.

Adaptive clocking

If the target provides the RTCK signal, select the adaptive clocking function to syn-
chronize the clock to the processor clock outside the core. This ensures there are no
synchronization problems over the JTAG interface.
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Note: If you use the adaptive clocking feature, transmission delays, gate delays,
and synchronization requirements result in a lower maximum clock frequency than
with non-adaptive clocking. Do not use adaptive clocking unless it is required by the
hardware design.

4.2.5.2 JTAG scan chain with multiple devices

The JTAG scan chain allows to specify the instruction register organization of the tar-
get system. This may be needed if there are more devices located on the target sys-
tem than the ARM chip you want to access or if more than one target system is
connected to one J-Link ARM at once.

4.2.6 Flash configuration
J-Link RDI Configuration EE:!

Generall [l IJT.-’-‘-.G Flazh |Breakpu:uints| CPU I Log I

—Iv Enable fazh programming

Allows programming the flash. This i required to download a program into flazh
memony of o zet zoftware breakpointz in flazh [flazh breakpointz].

Device |Atmel AT3154M7564 =] Clockspeed [ 48000000 Ha

RaM I'I 6 KB & address 02200000

Flazh |E4 KB (@ address 0100000
[ Flash iz mirored @ address 0=

—Iv LCache flash contents

Allows caching of flazh contentz. This avoids reading data twice and zpeeds up
the transfer between debugger and target.

—v Allow flash download

Allows program download to flazh. vour debugger does not need to have a flazh
loader. Thiz feature requires an additional licenze [FlashDL].

¥ Show info window during download

(] I Cancel Apply

4.2.6.1 Enable flash programming

This checkbox enables flash programming. Flash programming is needed to use
either flash download or to use flash breakpoints.

If flash programming is enabled you must select the correct flash memory and flash
base address. Furthermore it is necessary for some chips to enter the correct CPU
clock frequence.

4.2.6.2 Cache flash contents

If enabled, the flash contents is cached by the J-Link RDI software to avoid reading
data twice and to speed up the transfer between debugger and target.

J-Link RDI(UM08004) © 2004-2009 SEGGER Microcontroller GmbH & Co. KG



49

4.2.6.3 Allow flash download

This allows the J-Link RDI software to download program into flash. A small piece of
code will be downloaded and executed in the target RAM which then programs the

flash memory. This provides flash loading abilities even for debuggers without a
build-in flash loader.

An info window can be shown during download displaying the current operation.
Depending on your JTAG speed you may see the info window only very short.

J-Link flash programming

Firizhed flazh programming.

4.2.7 Breakpoints

J-Link RDI Configuration K E |

Gereral | Init | JTAG | Flash  Breakpaints | CPU | Log |

—v Use software breakpaoints

Software breakpointz [az oppozed to hardware breakpoints] are breakpoints which

modify program memony. Thiz allows zetting an unlimited number of breakpoints if the
program ig located in Bébkd.

—Iv Use flazh breakpaints

Allows getting an unlimited number of breakpointz if the program i located in

Rakd or flagh, which iz extremely valuable when debugging a program located
ifi flagh.

Thiz feature iz available anly if flazh programming iz enabled!

¥ Show info window during progrann

(] I Cancel Apply

4.2.7.1 Use software breakpoints

This allows to set an unlimited number of breakpoints if the program is located in
RAM by setting and resetting breakpoints according to program code.

4.2.7.2 Use flash breakpoints

This allows to set an unlimited number of breakpoints if the program is located either
in RAM or in flash by setting and resetting breakpoints according to program code.
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An info window can be displayed while flash breakpoints are used showing the cur-
rent operation. Depending on your JTAG speed the info window may only hardly to be
seen.

-
|~

Frogramming zector 0 [128 Bytes (3 addr 0x00000000)

4.2.8 CPU
J-Link RDI Configuration [ 2]

General] [l ]JT.-’-‘-.G ] Flazh ] Breakpoints CPU lLu:ug ]

v llovs inzstruction et zimulatior

Allows the emulatar to zsimulate individual instructionz when single stepping instructions.
Thiz doez not normally have any dizadvantages and makes debugaging much faster,
ezpecially when uging flagh breakpoints.

Rezet ztrategy

J-Link zupports different reset strategies. This iz neceszary because there iz no single
way of regetting and halting an AR K core befare it startz to execute instructions.

Hardware, halt after rezet [niormal] ﬂ Delay after rezet 0 ms

The hardware RESET pin iz uged to reset the CPL. After rezet releaze, J-Link
continuouzly ties to halt the CPU. Thizs typically halks the CPU shartly after reset
releaze; the CPU can in most systems execute zome instructions befare it iz halked.
The nurmber of inztructions executed dependz primarily of the JTAG speed: the
higher the JTAG zpeed, the faster the CPU can be halted. Some CPUz can actually
be halted before executing any instruction, because the start of the CPU iz delayed
after rezet releasze.

If & pause haz been zpecified, J-Link waitz for the zpecified time before tying to halt
the CPU. Thiz can be uzeful if a bootloader which regides in flagh or ROM needs to
be started after rezet.

(] | Cancel Apply

4.2.8.1 Instruction set simulation
This enables instruction set simulation which speeds up single stepping instructions
especially when using flash breakpoints.

4.2.8.2 Reset strategy

This defines the behavior how J-Link RDI should handle resets called by software.

J-Link supports different reset strategies. This is necessary because there is no single
way of resetting and halting an ARM core before it starts to execute instructions.

What is the problem if the core executes some instructions after RESET?

The instructions executed can cause various problems. Some cores can be completely
"confused", which means they can not be switched into debug mode (CPU can not be
halted). In other cases, the CPU may already have initialized some hardware compo-
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nents, causing unexpected interrupts or worse, the hardware may have been initial-
ized with illegal values. In some of these cases, such as illegal PLL settings, the CPU
may be operated beyond specification, possibly locking the CPU.

Available reset strategies

The following reset strategies, described in detail below, are available:

Hardware, halt after reset (normal)
Hardware, halt after reset using WP
Hardware, halt after reset using DBGRQ
Hardware, halt with BP@

Software, for Analog Devices ADuC7xxx MCUs
No reset

Hardware, halt after reset (normal)

The hardware reset pin is used to reset the CPU. After reset release, J-Link continu-
ously tries to halt the CPU. This typically halts the CPU shortly after reset release;
the CPU can in most systems execute some instructions before it is halted. The num-
ber of instructions executed depends primarily on the JTAG speed: the higher the
JTAG speed, the faster the CPU can be halted.

Some CPUs can actually be halted before executing any instruction, because the start
of the CPU is delayed after reset release. If a pause has been specified, J-Link waits
for the specified time before trying to halt the CPU. This can be useful if a bootloader
which resides in flash or ROM needs to be started after reset.

Hardware, halt after reset using WP

The hardware RESET pin is used to reset the CPU. After reset release, J-Link continu-
ously tries to halt the CPU. This typically halts the CPU shortly after reset release;
the CPU can in most systems execute some instructions before it is halted.

The number of instructions executed depends primarily on the JTAG speed: the
higher the JTAG speed, the faster the CPU can be halted. Some CPUs can actually be
halted before executing any instruction, because the start of the CPU is delayed after
reset release.

Hardware, halt after reset using DBGRQ

The hardware RESET pin is used to reset the CPU. After reset release, J-Link continu-
ously tries to halt the CPU. This typically halts the CPU shortly after reset release;
the CPU can in most systems execute some instructions before it is halted.

The number of instructions executed depends primarily on the JTAG speed: the
higher the JTAG speed, the faster the CPU can be halted. Some CPUs can actually be
halted before executing any instruction, because the start of the CPU is delayed after
reset release.

Hardware, halt with BP@0

The hardware reset pin is used to reset the CPU. Before doing so, the ICE breaker is
programmed to halt program execution at address 0; effectively a breakpoint is set
at address 0. If this strategy works, the CPU is actually halted before executing a sin-
gle instruction.

This reset strategy does not work on all systems for two reasons:

e If NnRESET and nTRST are coupled, either on the board or the CPU itself, reset
clears the breakpoint, which means the CPU is not stopped after reset.

e Some MCUs contain a bootloader program (sometimes called kernel), which
needs to be executed to enable JTAG access.

Software, for Analog Devices ADuC7xxx MCUs

The following sequence is executed:

e The CPU is halted
e A software reset sequence is downloaded to RAM
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e A breakpoint at address 0 is set
e The software reset sequence is executed

This sequence performs a reset of CPU and peripherals and halts the CPU before exe-
cuting instructions of the user program. It is recommended reset sequence for Ana-
log Devices ADuC7xxx MCUs and works with these chips only.

No reset

No reset is performed.
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A log file can be generated for J-Link ARM and J-Link RDI. This log files may be useful
for debugging and evaluating. They may help you to solve a problem yourself but is
also needed by the support to help you with it.

Default path of the J-Link ARM log file: c:\JLinkARM. log
Default path of the J-Link RDI log file: ¢:\JLinkRDI.log

Example of logfile content:

060:028

060:028 (0000) DLL
060:031 (0026)
speed: 4000 kHz
060:059 (0000)
060:060 (0000)
060:060 (0000)
060:060 (0116)
060:176 (0000)
060:177 (0016)

@ OxFFFFFC20 >1D7>
060:194 (0014)
@ OxXFFFFFC2C >195>
060:208 (0015)
@ OxXFFFFFC30 >195>
060:223

060:225 (0001)

@ 0x00000000 >195>
060:226

060:227 (0001)

@ OxFFFFFF00 >195>
060:228

060:229
060:230
060:232 (0000)
@ OxXFFFFF124 >195>
060:232 (0001)
060:233 (0001)
060:234 (0001)
060:236 (0000)
060:237 (0000)
060:238 (0001)
060:239 (0001)
060:240 (0001)
060:241 (0001)

@ OxXFFFFFD44 >195>
060:277

060:277 (0000)
Writing

060:277 (0000)
Writing 0x20 bytes
060:277

060:278 (0000)
Writing O0xF6 bytes
060:278

060:278 (0000)
Writing Ox6A bytes
060:278 (0000)
Writing 0x74 bytes
060:278 (0000)
Writing 0x14 bytes
060:278 (0000)
Writing

060:278 (0000)
060:278 (0000)
060:278 (0000)
060:278 (0009)

287 (0001) ARM_.

060:

J-Link RDI(UM08004)

ARM_SetMaxSpeed -

(0002) ARM_ReadMem

(0001) ARM_ReadMem
ARM_WriteMem (FFFFFF00,0004) --

(0001) ARM_ReadMem
(0001) ARM_ReadMem
(0001) ARM_ReadMem
ARM WriteMem (FFFFF124,0004

ARM_ReadMem (
ARM_ReadMem (
ARM_ReadMem (
ARM_ReadMem (FFFFF130,0004
ARM_ReadMem (
ARM_ReadMem (
ARM_ReadMem (
ARM_ReadMem
ARM WriteMem (FFFFFD44,0004

(0000) ARM WriteMem(00000000,0178)
ARM_WriteMem(000003C4,0020) --
0x178 bytes @ 0x00000000

ARM_WriteMem(000001CC,00F4) --

(0000) ARM WriteMem(000002C0,0002)
ARM WriteMem(000002C4,0068) --

(0000) ARM WriteMem(0000032C,0002)
ARM_WriteMem(00000330,0074) --

ARM_Reset () :

Compiled: Oct

SpeedIsFixed == 0

ARM WriteIceReg (0x02,00000000)
ARM_WriteMem(FFFFFC20,0004)

ARM_WriteMem(FFFFFC2C,0004) --

ARM_WriteMem(FFFFFC30,0004) --

(00000000,0004) --

(FFFFF240,0004)

(FFFFF244,0004)

(FFFFFF6C,0004) --
)

FFFFF130,0004
FFFFF130,0004
FFFFF130,0004

FFFFF130,0004
FFFFF130,0004
FFFFF130,0004

)
)
)
)
)__
)
)
(FFFFF130,0004)
)

@ 0x000003C4

@ 0x000001cCcC

@ 0x000002C4

ARM_WriteMem(000003BO,0014) --

@ 0x00000330

ARM_WriteMem(000003A4,000C) --

@ 0x000003BO

ARM_WriteMem(00000178,0054) --

0xC bytes @ 0x0000032a4

ARM_SetEndian (ARM_ENDIAN_LITTLE)

ARM_SetEndian (ARM_ENDIAN LITTLE)

ARM_ResetPullsRESET (OFF)
- Writing 0x54 bytes @ 0x00000178 >3E68>

**%*%* Warning: Chip has already been halted.

Halt () :

(0000) Logging started @ 2005-10-28 07:36
4 2005 09:14:54
Testing speed 3FO0FOFOF 3FOFOFOF
3FOFOFOF 3FO0FOFOF 3FOFOFOF 3FOFOFOF 3FOFOFOF 3FOFOFOF 3FOFOFOF

ARM_SetEndian (ARM_ENDIAN_LITTLE)
ARM_SetEndian (ARM_ENDIAN_LITTLE)
ARM_ResetPullsRESET (ON)
ARM_Reset () :

-> JTAGSpeed

Data:

Data:

Data:

(00000000,0004)JTAG speed:
ARM _WriteMem(00000000,0004)

Data:

Data:
Data:

Data:
Data:
Data:
Data:

Data:
Data:
Data:
Data:
Data:
Data:
Data:
Data:
Data:

Data:

Data:

Data:

Data:

Data:

Data:

Data:

Data:

Data:

Data:

01

05

07

06

1C

00

4000

0D

01

OF

01 00 00 00 02 00 00 00 .

30

00
FO

00

00

00

B5

47
B5

=3
00
19
00
kHz
00

00

00

15

00

00

00

00

13

OkHz >48> >2EF>
00 - Writing 0x4
00 - Writing 0x4
00 - Writing 0x4
-- Data: 0C 00
EA - Writing O0x4

EA

00 - Writing 0x4

27

00

00

FF - Writing O0x4

00

00

00

00

00

00

00

00

00 - Writing 0x4

EA FE FF FF EA

48 01 68 82 68

27 24 4C 34 4D

24 A0 00 08 49

00 OA 00 00 00

00 E4 03 00 00

48 70 B4 81 BO

3FOFOFOF 3FOFOFOF
3FOF0FOFAuto JTAG

bytes
bytes
bytes

00 EA
bytes

bytes

bytes

bytes
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Chapter 5

Flash download

This chapter describes how to use flash download with J-Link RDI. It basically allows
a debugger to download program into flash even if the debugger does not have a
flash loader. This feature requires a separate license from SEGGER.
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5.1 Overview

J-Link RDI flash download allows a debugger to download program into flash even if
the debugger does not have a flash loader. This way any RDI compliant debugger can
be used to download into any supported flash memory. From a debuggers perspec-
tive, the flash download works just like download to RAM; the flash programming is
handled completely by the J-Link RDI software.

Flash download is a feature of the J-Link RDI software, which requires a separate
license from SEGGER.

5.2 Why should | use RDI flash download?

Being able to download code directly into flash from the debugger or integrated IDE
significantly shortens the turn-around times when testing software. The flash loader
integrated into J-Link RDI is very efficient and allows fast flash programming. For
example, if a debugger splits the download image into several pieces, the flash
download software will collect the individual parts and perform the actual flash pro-
gramming right before program execution. This avoids repeated flash programming.

Once the setup of flash download is completed, flash breakpoints can be used with-
out additional configuration (if a license for this feature is present).

5.3 Enabling flash download

Before you can use flash download, some parameters need to be defined correctly
and the checkbox Enable flash programming needs to be checked. For a detailed
description please refer to the chapter Flash configuration on page 48.

5.4 Supported flash devices

For a list of all supported flash devices, please refer to the J-Link / J-Trace User
Guide (UM08001), chapter Flash download and flash breakpoints, section Supported
devices.
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Chapter 6

Breakpoints in flash memory

This chapter describes how to configure and use breakpoints in flash memory.
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6.1 Introduction

The J-Link RDI software contains an additional feature, called flash breakpoints
(short FlashBPs). Flash breakpoints allow the user to set an unlimited number of
software breakpoints when debugging in flash memory, rather than just the 2 hard-
ware breakpoints. Setting the breakpoints in flash is executed very fast using a RAM
code specifically designed for this purpose; on chips with fast flash, the difference
between breakpoints in RAM and flash is unnoticeable. This feature requires an addi-
tional license from SEGGER.

6.2 How do breakpoints work?

There are basically 2 types of breakpoints in a computer system: Hard ones and soft
ones. Hardware breakpoints require a dedicate hardware unit for every breakpoint.
In other words, the hardware dictates how many hardware breakpoints can be set
simultaneously. ARM7 and ARM 9 cores have 2 breakpoint units (called "watchpoint
units" in ARM's documentation), allowing 2 hardware breakpoints to be set. Hardware
breakpoints do not require modification of the program code. Software breakpoints
are different: The debugger modifies the program and replaces the breakpointed
instruction with a special value. Additional software breakpoints do not require addi-
tional hardware units in the processor, since simply more instructions are replaced.
This is a standard procedure that most debuggers are capable of, however, it requires
the program to be located in RAM.

6.3 What is special about software breakpoints in
flash?

FlashBP allows you to set an unlimited number of breakpoints even if your application
program is not located in RAM, but in flash memory. This is a scenario which was very
rare before ARM-microcontrollers hit the market. This new technology makes very
powerful, yet inexpensive ARM microcontrollers available for systems, which required
external RAM before. The downside of this new technology is that it is not possible to
debug larger programs on these micros in RAM, since the RAM is not big enough to
hold program and data (typically, these chips contain about 4 times as much flash as
RAM), and therefore with standard debuggers, only 2 breakpoints can be set. The 2
breakpoint limit makes debugging very tough; a lot of times the debugger requires 2
breakpoints to simply step over a line of code. With software breakpoints in flash,
this limitation is gone.

6.4 How does this work?

Basically very simple:
The J-Link RDI software reprograms a sector of the flash to set or clear a breakpoint.

6.5 What performance can | expect?

A RAMCode, specially designed for this purpose, sets and clears flash breakpoints
extremely fast; on micros with fast flash the difference between breakpoints in RAM
and flash is hardly noticeable.

6.6 How is this performance achieved?

We have put a lot of effort in making flash breakpoints really usable and convenient.
Flash sectors are programmed only when necessary; this is usually the moment exe-
cution of the target program is started. A lot of times, more then one breakpoint is
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located in the same flash sector, which allows programming multiple breakpoints by
programming just a single sector. The contents of program memory are cached,
avoiding time consuming reading of the flash sectors. A smart combination of soft-
ware and hardware breakpoints allows us to use hardware breakpoints a lot of times,
especially when the debugger is source level-stepping, avoiding reprogramming
flash in these situations. A built-in instruction set simulator further reduces the num-
ber of flash operations which need to be performed. This minimizes delays for the
user, maximizing the life time of the flash. All resources of the ARM micro are avail-
able to the application program, no memory is lost for debugging. All of the optimiza-
tions described above can be disabled.

6.7 Setting up flash breakpoints
1. Open the RDI configuration dialog box and click on the Flash tab.

J-Link RDI Configuration EHE

General | int | JTAG | Flash | Breakpaints| CPU | Loa |

J-Link-RDI iz an RDI compliant software for J-Link
ARM. It requires a license [RDI). which can be
obtained from SEGGER [wwiww. zegger. com).

Thiz software iz also capable of programming the
flazh memory of zeveral ARM microz, which can be
uzed to download wour program to flash [Requires
the add. license "FlazhDL"] and to set an unlimited
number of zoftware breakpoints in flash [Requires
the add. license "FlashBF"].

Connection ta J-Link

IDevice 0 'l

© ICPAP |

About |
= Loeation of canfig file
J License |

Beset Config |

QK I Cancel | Apply |

2. Set the Enable flash programming checkbox and select your processor in the
Device list. Afterwards select the Breakpoint tab.

J-Link RDI Configuration EHE
Generall It I JTaG  Flash |Breakp0ints| CPU I Log I

Allows programming the flazh. This is required to download a program into flash
memory or ko set zoftware breakpoints in flash [flazh breakpoints).

Device IAnang ADUCTO20462 [to E] j
Rt IS KB (@ address 0x10000

Flash |B2 KB (@ address 0x80000
¥ Flash is mirored @ address 0x0

v Cache flash contents

Allows caching of flash contents. This avoids reading data twice and speeds up
the tranzfer between debugger and target.

v Werify flash contents

Allows verifying of flash contents. Thiz iz useful to check if the program was
downloaded to flash memary comectly.

1 Allow flash download

Allows program dewnload o flash, Your debugger does not need ta have aflash
loader. This feature requires an additional izense [FlashDL];

QK I Cancel Apply
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3. Select Use software breakpoints as well as Use flash breakpoints. Then click
the OK button to close the J-Link RDI configuration dialog.

J-Link RDI Configuration

[2]x]
General| It | JTAG | Flash  Breakpaints | cPU | Log |

v Use software breakpoint

Software breakpoints [az opposed to hardware breakpoints] are breakpoints which

modify program memaory. Thiz allows zetting an unlimited number of breakpoints if the
program iz located in R,

v Use flash breakpoint

Allows setting an unlimited number of breakpaints if the program is located in

Fi&h or flash, which is extremely waluable when debugging a program located
in flash.

Thiz feature iz available only if flash programming is enabled!

™ Shaw infa window during prograr

QK I Cancel | Apply |

4. You can now use flash breakpoints with the debugger of your choice.
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Chapter 7

Device specifics

This chapter gives some additional information about specific devices.
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7.1 Analog Devices

J-Link RDI flash programming supports the Analog Devices ADuC7xxx core family.

7.1.1  ADuC7xxx

J-Link RDI includes "ready-to-use" projects for all supported devices. For a complete
list of supported devices, open J-Link RDI configuration dialog and check the device
list of the Flash programming tab (refer to Flash configuration on page 48 for
detailed information). If you miss the support of a particular device, do not hesitate
to contact Segger.

Refer to J-Link / J-Trace User Guide for device specifics which are not related to flash
programming.
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7.2 ATMEL

J-Link RDI flash programming supports the ATMEL AT91SAM7 core family.

7.21 AT91SAM7

J-Link RDI includes "ready-to-use" projects for all supported devices. For a complete
list of supported devices, open J-Link RDI configuration dialog and check the device
list of the Flash programming tab (refer to Flash configuration on page 48 for
detailed information). If you miss the support of a particular device, do not hesitate
to contact Segger.

Refer to J-Link / J-Trace User Guide for device specifics which are not related to flash
programming.
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7.3 NXP

J-Link RDI flash programming supports the NXP LPC core family.

7.3.1 LPC2xxx

J-Link RDI includes "ready-to-use" projects for all supported devices. For a complete
list of supported devices, open J-Link RDI configuration dialog and check the device
list of the Flash programming tab (refer to Flash configuration on page 48 for
detailed information). If you miss the support of a particular device, do not hesitate
to contact Segger.

Moreover J-Link RDI includes a device-based license for NXP LPC21xx-LPC24xx
devices which includes a free license for RDI, flash download and flash breakpoints.
For more information about the device-based license and how to enable it, please
refer to chapter Device-based license on page 17.

Refer to J-Link / J-Trace User Guide for device specifics which are not related to flash
programming.
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74 OKI

J-Link RDI flash programming supports the OKI ML67Q40x core family.

7.4.1 ML67Q40x

J-Link RDI includes "ready-to-use" projects for all supported devices. For a complete
list of supported devices, open J-Link RDI configuration dialog and check the device
list of the Flash programming tab (refer to Flash configuration on page 48 for
detailed information). If you miss the support of a particular device, do not hesitate
to contact Segger.

Refer to J-Link / J-Trace User Guide for device specifics which are not related to flash
programming.
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7.5 ST Microelectronics

J-Link RDI flash programming supports the ST Microelectronics STR71x, STR73x,
STR75x and the STR91x core families.

7.5.1 STR71x

J-Link RDI includes "ready-to-use" projects for all supported devices. For a complete
list of supported devices, open J-Link RDI configuration dialog and check the device
list of the Flash programming tab (refer to Flash configuration on page 48 for
detailed information). If you miss the support of a particular device, do not hesitate
to contact Segger.

Refer to J-Link / J-Trace User Guide for device specifics which are not related to flash
programming.

7.5.2 STR 73x

J-Link RDI includes "ready-to-use" projects for all supported devices. For a complete
list of supported devices, open J-Link RDI configuration dialog and check the device
list of the Flash programming tab (refer to Flash configuration on page 48 for
detailed information). If you miss the support of a particular device, do not hesitate
to contact Segger.

Refer to J-Link / J-Trace User Guide for device specifics which are not related to flash
programming.

7.5.3 STR 75x

J-Link RDI includes "ready-to-use" projects for all supported devices. For a complete
list of supported devices, open J-Link RDI configuration dialog and check the device
list of the Flash programming tab (refer to Flash configuration on page 48 for
detailed information). If you miss the support of a particular device, do not hesitate
to contact Segger.

Refer to J-Link / J-Trace User Guide for device specifics which are not related to flash
programming.

7.5.4 STR91x

J-Link RDI includes "ready-to-use" projects for all supported devices. For a complete
list of supported devices, open J-Link RDI configuration dialog and check the device
list of the Flash programming tab (refer to Flash configuration on page 48 for
detailed information). If you miss the support of a particular device, do not hesitate
to contact Segger.

Refer to J-Link / J-Trace User Guide for device specifics which are not related to flash
programming.
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7.6 Texas Instruments
J-Link RDI flash programming supports the TI TMS470 core family.

7.6.1 TMS470

J-Link RDI includes "ready-to-use" projects for all supported devices. For a complete
list of supported devices, open J-Link RDI configuration dialog and check the device
list of the Flash programming tab (refer to Flash configuration on page 48 for
detailed information). If you miss the support of a particular device, do not hesitate
to contact Segger.

Refer to J-Link / J-Trace User Guide for device specifics which are not related to flash
programming.
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Chapter 8

Semihosting

Semihosting is a mechanism for ARM targets to communicate input/output requests
from application code to a host computer running a debugger.

It effectively allows the target to do disk operations and console I/O and is used pri-
marily for flash loaders with ARM debuggers such as AXD.
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8.1

CHAPTER 8 Semihosting

Overview

Semihosting

Semihosting is a mechanism for ARM targets to communicate input/output requests
from application code to a host computer running a debugger. This mechanism is
used, to allow functions in the C library, such as printf() and scanf (), to use the
screen and keyboard of the host rather than having a screen and keyboard on the
target system.

This is useful because development hardware often does not have all the input and
output facilities of the final system. Semihosting allows the host computer to provide
these facilities.

Semihosting is also used for Disk I/O and flash programming; a flash loader uses
semihosting to load the target program from disk.

Semihosting is implemented by a set of defined software interrupt (SWI) operations.
The application invokes the appropriate SWI and the debug agent then handles the
SWI exception. The debug agent provides the required communication with the host.
In many cases, the semihosting SWI will be invoked by code within library functions.

Usage of semihosting

The application can also invoke the semihosting SWI directly. Refer to the C library
descriptions in the ADS Compilers and Libraries Guide for more information on sup-
port for semihosting in the ARM C library.

Semihosting is not used by all tool chains; most modern tool chains (such as IAR)
use different mechanisms to achive the same goal.

Semihosting is used primarily by ARM’s tool chain and debuggers, such as AXD.

Since semihosting has been used primarily by ARM, documents published by ARM are
the best source of add. information.

For further information on semihosting and the C libraries, see the "C and C++
Libraries" chapter in ADS Compilers and Libraries Guide. Please see also the "Writing
Code for ROM" chapter in ADS Developer Guide.

8.2 The SWI interface

The ARM and Thumb SWI instructions contain a field that encodes the SWI number
used by the application code. This number can be decoded by the SWI handler in the
system. See the chapter on exception handling in ADS Developer Guide for more
information on SWI handlers.

Semihosting operations are requested using a single SWI number. This leaves the
other SWI numbers available for use by the application or operating system. The SWI
used for semihosting is:

0x123456 in ARM state
OxAB in Thumb state

The SWI number indicates to the debug agent that the SWI is a semihosting request.
In order to distinguish between operations, the operation type is passed in r0. All
other parameters are passed in a block that is pointed to by r1. The result is returned
in r0, either as an explicit return value or as a pointer to a data block. Even if no
result is returned, assume that r0O is corrupted.

The available semihosting operation numbers passed in r0 are allocated as follows:

0x00 to 0x31 These are used by ARM.
0x32 to OxFF These are reserved for future use by ARM.
0x100 to Ox1FF Reserved for applications.
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8.2.1 Changing the semihosting SWI numbers

It is strongly recommended that you do not change the semihosting SWI numbers
0x123456 (ARM) or 0xAB (Thumb). If you do so you must:

e change all the code in your system, including library code, to use the new SWI
number
e reconfigure your debugger to use the new SWI number.

8.3 Implementation of semihosting in J-Link RDI

When using J-Link RDI in default configuration, semihosting is implemented as fol-
lows:

e A breakpoint / vector catch is set on the SWI vector.
When this breakpoint is hit, J-Link RDI examines the SWI number.
If the SWI is recognized as a semihosting SWI, J-Link RDI emulates it and trans-
parently restarts execution of the application.

e If the SWI is not recognized as a semihosting SWI, J-Link RDI halts the processor
and reports an error. (See Unexpected / unhandled SWIs on page 72)

8.3.1 DCC semihosting

J-Link RDI does not support using the debug communications channel for semihost-
ing.

8.4 Semihosting with AXD

This semihosting mechanism can be disabled or changed by the following debugger
internal variables:

$semihosting_enabled

Set this variable to 0 to disable semihosting. If you are debugging an application run-
ning from ROM, this allows you to use an additional watchpoint unit.

Set this variable to 1 to enable semihosting. This is the default.

Set this variable to 2 to enable Debug Communications Channel (DCC) semihosting.
The S bit in $vector_catch has no effect unless semihosting is disabled.

$semihosting_vector

This variable controls the location of the breakpoint set by J-Link RDI to detect a
semihosted SWI. It is set to the SWI entry in the exception vector table () by default.

8.4.1 Using SWis in your application

If your application requires semihosting as well as having its own SWI handler, set
$semihosting_vector to an address in your SWI handler. This address must point to
an instruction that is only executed if your SWI handler has identified a call to a
semihosting SWI. All registers must already have been restored to whatever values
they had on entry to your SWI handler.
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8.5 Unexpected / unhandled SWis

When an unhandled SWI is detected by J-Link RDI, the message box below is shown.
J-Link RDI Warning =]

& Software interrupt [5%W1] 020 occured in AR mode & address Ox002002C4.

Thiz 5%/ iz not uzed for zemihosting, but cauzes the CPU core o be halked.
Lo pou want the core to be automatically restarted when this happens ?

MNOTE:

Clicking on 'ves' will prevent thiz meszage from popping up, but the core will still be halted every
tirme. If your application requires semihozting as well az having itz awn S| handler, pou should zet
the semihosting wector to an address in vour 5% handler. This address must poink to an instruction
that iz only executed if your S| handler has identified a call to a semihozting W, All registers
muzt already have been restored o whatewver values they had on enty to pour 54 handler.

Far mare infarmation an zemibozting and Sz, please refer to the ARM ADS debug target quide.

Mo Cancel

This typically indicates that your application is using SWIs not only for semihosting,
but also for other purposes, but J-Link RDI stops on every SWI, which is inefficient
and affects the real-time behaviour of your application program. This is discouraged;
you should follow the instruction in the message box.
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Chapter 9

Background information

This chapter provides background information about JTAG and ARM. The ARM7 and
ARM9 architecture is based on Reduced Instruction Set Computer (RISC) principles.
The instruction set and related decode mechanism are greatly simplified compared
with microprogrammed Complex Instruction Set Computer (CISC).
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9.1 JTAG

JTAG is the acronym for Joint Test Action Group. In the scope of this document,
"the JTAG standard" means compliance with IEEE Standard 1149.1-2001.

9.1.1 Test access port (TAP)

JTAG defines a TAP (Test access port). The TAP is a general-purpose port that can
provide access to many test support functions built into a component. It is composed
as a minimum of the three input connections (TDI, TCK, TMS) and one output con-
nection (TDO). An optional fourth input connection (nTRST) provides for asynchro-
nous initialization of the test logic.

PIN Type Explanation
TCK Input The_ test clock input (TCK) provides the clock for the test
logic.
DI Inout Serial test instructions and data are received by the test
P logic at test data input (TDI).
™S Inout The signal received at test mode select (TMS) is decoded
P by the TAP controller to control test operations.
Test data output (TDO) is the serial output for test
DO Output instructions and data from the test logic.
Input h . | . ides f
TRST (optional The optlor_ma_ _te_f,t rgset (TRST) input provides for asyn-
) chronous initialization of the TAP controller.

9.1.2 Data registers

JTAG requires at least two data registers to be present: the bypass and the bound-
ary-scan register. Other registers are allowed but are not obligatory.

Bypass data register
A single-bit register that passes information from TDI to TDO.
Boundary-scan data register

A test data register which allows the testing of board interconnections, access to
input and output of components when testing their system logic and so on.

9.1.3 Instruction register

The instruction register holds the current instruction and its content is used by the
TAP controller to decide which test to perform or which data register to access. It
consist of at least two shift-register cells.
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9.1.4 The TAP controller

The TAP controller is a synchronous finite state machine that responds to changes at
the TMS and TCK signals of the TAP and controls the sequence of operations of the

circuitry.
<< Reset <
tms=1

tms=0
Idle tms=1

tms=0 x

tms=1 tms=0

N

9.1.4.1 State descriptions
Reset

The test logic is disabled so that normal operation of the chip logic can continue
unhindered. No matter in which state the TAP controller currently is, it can change
into Reset state if TMS is high for at least 5 clock cycles. As long as TMS is high, the
TAP controller remains in Reset state.

Idle

Idle is a TAP controller state between scan (DR or IR) operations. Once entered, this
state remains active as long as TMS is low.

DR-Scan

Temporary controller state. If TMS remains low, a scan sequence for the selected
data registers is initiated.

IR-Scan

Temporary controller state. If TMS remains low, a scan sequence for the instruction
register is initiated.

Capture-DR
Data may be loaded in parallel to the selected test data registers.
Shift-DR

The test data register connected between TDI and TDO shifts data one stage towards
the serial output with each clock.
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Exit1-DR

Temporary controller state.

Pause-DR

The shifting of the test data register between TDI and TDO is temporarily halted.
Exit2-DR

Temporary controller state. Allows to either go back into Shift-DR state or go on to
Update-DR.

Update-DR

Data contained in the currently selected data register is loaded into a latched parallel
output (for registers that have such a latch). The parallel latch prevents changes at
the parallel output of these registers from occurring during the shifting process.

Capture-IR
Instructions may be loaded in parallel into the instruction register.
Shift-IR

The instruction register shifts the values in the instruction register towards TDO with
each clock.

Exit1-IR

Temporary controller state.

Pause-IR

Wait state that temporarily halts the instruction shifting.
Exit2-IR

Temporary controller state. Allows to either go back into Shift-IR state or go on to
Update-IR.

Update-IR

The values contained in the instruction register are loaded into a latched parallel out-
put from the shift-register path. Once latched, this new instruction becomes the cur-
rent one. The parallel latch prevents changes at the parallel output of the instruction
register from occurring during the shifting process.

9.2 The ARM core

The ARM7 family is a range of low-power 32-bit RISC microprocessor cores. Offering
up to 130MIPs (Dhrystone2.1), the ARM7 family incorporates the 16-bit Thumb
instruction set. The family consists of the ARM7TDMI, ARM7TDMI-S and ARM7EJ-S
processor cores and the ARM720T cached processor macrocell.

The ARM9 family is built around the ARM9TDMI processor core and incorporates the
16-bit Thumb instruction set. The ARM9 Thumb family includes the ARM920T and
ARM922T cached processor macrocells.
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9.2.1 Processor modes

The ARM architecture supports seven processor modes.

Processor mode Description
User usr Normal program execution mode
System sys Runs privileged operating system tasks
Supervisor |svc A protected mode for the operating system
Abort abt Implements virtual memory and/or memory protection
Undefined und Supports software emulation of hardware coprocessors
Interrupt irq Used for general-purpose interrupt handling
fﬁ;i Inter- fiq Supports a high-speed data transfer or channel process

Table 9.1: ARM processor modes

9.2.2 Registers of the CPU core

The CPU core has the following registers:

SUserI Supervisor Abort Undefined Interrupt . e
ystem interrupt
RO
R1
R2
R3
R4
R5
R6
R7
R8 R8_fiq
R9 R9O_fiq
R10 R10_fiq
R11 R11_fiqg
R12 R12_fiq
R13 R13_svc R13_abt R13_und R13_irqg R13_fiq
R14 R14_svc R14_abt R14_und R14_irqg R14_fiq
PC
CPSR

SPSR_svc SPSR_abt SPSR_und SPSR_.irq SPSR_fig

Table 9.2: ARM CPU registers

= indicates that the normal register used by User or System mode has been
replaced by an alternative register specific to the exception mode.

The ARM core has a total of 37 registers:

e 31 general-purpose registers, including a program counter. These registers are

32 bits wide.

e 6 status registers. These are also 32-bits wide, but only 12-bits are allocated or
need to be implemented.

Registers are arranged in partially overlapping banks, with a different register bank
for each processor mode. At any time, 15 general-purpose registers (RO to R14), one
or two status registers and the program counter are visible.
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9.2.3 ARM /Thumb instruction set

An ARM core starts execution in ARM mode after reset or any type of exception. Most
(but not all) ARM cores come with a secondary instruction set, called the Thumb
instruction set. The core is said to be in Thumb mode if it is using the thumb instruc-
tion set. The thumb instruction set consists of 16-bit instructions, where the ARM
instruction set consists of 32-bit instructions. Thumb mode improves code density by
approximately 35%, but reduces execution speed on systems with high memory
bandwidth (because more instructions are required). On systems with low memory
bandwidth, Thumb mode can actually be as fast or faster than ARM mode. Mixing
ARM and Thumb code (interworking) is possible.

J-Link ARM fully supports debugging of both modes without limitation.

9.3 EmbeddedICE

EmbeddedICE is a set of registers and comparators used to generate debug excep-
tions (such as breakpoints).

EmbeddedICE is programmed in a serial fashion using the ARM core controller. It
consists of two real-time watchpoint units, together with a control and status regis-
ter. You can program one or both watchpoint units to halt the execution of instruc-
tions by ARM core. Two independent registers, debug control and debug status,
provide overall control of EmbeddedICE operation.

Execution is halted when a match occurs between the values programmed into
EmbeddedICE and the values currently appearing on the address bus, data bus, and
various control signals. Any bit can be masked so that its value does not affect the
comparison.

Either of the two real-time watchpoint units can be configured to be a watchpoint
(monitoring data accesses) or a breakpoint (monitoring instruction fetches). You can
make watchpoints and breakpoints data-dependent.

EmbeddedICE is an additional debug hardware within the core, therefore the Embed-
dedICE debug architecture requires almost no target resources (for example, mem-
ory, access to exception vectors, and time).

9.3.1 Breakpoints and watchpoints

Breakpoints

A "breakpoint" stops the core when a selected instruction is executed. It is then pos-
sible to examine the contents of both memory (and variables).

Watchpoints

A "watchpoint" stops the core if a selected memory location is accessed. For a watch-
point (WP), the following properties can be specified:

e Address (including address mask)
e Type of access (R, R/W, W)
e Data (including data mask)

Software / hardware breakpoints

Hardware breakpoints are "real" breakpoints, using one of the 2 available watchpoint
units to breakpoint the instruction at any given address. Hardware breakpoints can
be set in any type of memory (RAM, ROM, Flash) and also work with self-modifying
code. Unfortunately, there is only a limited number of these available (2 in the
EmbeddedICE). When debugging a program located in RAM, another option is to use
software breakpoints. With software breakpoints, the instruction in memory is modi-
fied. This does not work when debugging programs located in ROM or Flash, but has
one huge advantage: The number of software breakpoints is not limited.
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9.3.2 The ICE registers

The two watchpoint units are known as watchpoint 0 and watchpoint 1. Each contains
three pairs of registers:

e address value and address mask
e data value and data mask
e control value and control mask

The following table shows the function and mapping of EmbeddedICE registers.

Register | Width Function
0x00 3 Debug control

0x01 5 Debug status

0x04 6 Debug comms control register
0x05 32 Debug comms data register
0x08 32 Watchpoint 0 address value
0x09 32 Watchpoint 0 address mask
0x0A 32 Watchpoint 0 data value

0x0B 32 Watchpoint 0 data mask

0x0C 9 Watchpoint 0 control value
0x0D 8 Watchpoint 0 control mask
0x10 32 Watchpoint 1 address value
Ox11 32 Watchpoint 1 address mask
0x12 32 Watchpoint 1 data value

0x13 32 Watchpoint 1 data mask

0x14 9 Watchpoint 1 control value
0x15 8 Watchpoint 1 control mask

Table 9.3: Function and mapping of EmbeddedICE registers

For more information about EmbeddedICE please see the technical reference manual
of your ARM CPU. (www.arm.com)

9.4 Flash programming

J-Link ARM comes with a DLL, which allows - amongst other functionalities - reading
and writing RAM, CPU registers, starting and stopping the CPU and setting break-
points. The standard DLL does not have API functions for flash programming. How-
ever, the functionality offered can be used to program the flash. In that case a
flashloader is required.

9.4.1 How does flash programming via J-Link ARM work ?

This requires extra code. This extra code typically downloads a program into the RAM
of the target system, which is able to erase and program the flash memory. This pro-
gram is called RAMCode and "knows" how to program the flash; it contains an imple-
mentation of the flash programming algorithm for the particular flash. Different flash
devices have different programming algorithms; the programming algorithm also
depends on other things such as endianess of the target system and organization of
the flash memory (e.g. 1*8 bits, 1*16 bits, 2*16 bits or 32 bits). The RAMCode also
requires the data to be programmed into the flash memory. There are two ways of
supplying this data:

e Data download to RAM
e Data download via DCC.
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9.4.1.1 Data download to RAM

The data (or part of it) is downloaded to an other part of the RAM of the target sys-
tem. The instruction pointer (R15) of the CPU is then set to the start address of the
RAMCode, the CPU is started, executing the RAMCode. The RAMCode, which contains
the programming algorithm for the flash chip, copies the data into the flash chip. The
CPU is stopped after this. This process may have to be repeated until the entire data
is programmed into the flash.

9.4.1.2 Data download via DCC

In this case, the RAMCode is started as described above before downloading any
data. The RAMCode then communicates with the PC (via DCC, JTAG and J-Link ARM),
transferring data to the target. The RAMCode then programs the data into flash and
waits for new data from the host. The write memory functions of J-Link ARM are used
to transfer the RAMCode only, but not to transfer the data. The CPU is started and
stopped only once. Using DCC for communication is typically faster than using write
memory functions for RAM download since the overhead is lower.

9.4.2 Available options for flash programming

There are different solutions available to program internal or external flash memory
connected to ARM cores using J-Link ARM.

9.4.2.1 J-Flash ARM - Complete flash programming solution.

J-Flash ARM is a stand-alone Windows application, which can read / write data files
and program the flash in almost any ARM core supported by J-Link ARM. J-Flash ARM
requires an extra license from SEGGER.

9.4.2.2 JLinkARMFlash.dll - A DLL with flash programming capabilities.

An enhanced version of the JLinkARM.d11 with additional API functions, which allow
loading and programming of data files. This DLL comes with a sample executable, as
well as the source code of this executable and a project file. This can be an interest-
ing option if you want to write your own programs for production purposes.

This DLL also requires an extra license from SEGGER; please contact us for more
information.

9.4.2.3 J-Link RDI Flash download - Allows flash download from any
RDI-compliant tool chain.

RDI (Remote Debug Interface) is a standard for "debug transfer agents" such as J-
Link ARM. The J-Link RDI software allows using J-Link ARM from any RDI compliant
debugger. You can use the flash download option integrated in the J-Link RDI soft-
ware to download your application program into flash memory.

The J-Link RDI software as well as the flash download option require licenses from
SEGGER.

9.4.2.4 Flash loader of compiler / debugger vendor such as IAR.

A lot of debuggers (some of them integrated into a workbench / IDE) come with their
own flash loaders. The flash loaders can of course be used if they match to your flash
configuration, which is something that needs to be checked with the debugger ven-
dor.

9.4.2.5 Write your own flash loader

Implement your own flash loader using the functionality of the JLinkarRM.d1ll as
described above. This can be a time consuming process and requires in-depth knowl-
edge of the flash programming algorithm used as well as the target system.
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Chapter 10
FAQs

You can find in this chapter a collection of frequently asked questions (FAQSs)
together with answers.
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10.

Q:

1

A:

zZ Q=Q

CHAPTER 10 FAQs

FAQs

Which CPUs are supported?

J-Link RDI is based on J-Link ARM and should work with any ARM7 / ARM9 core.
For a list of supported cores see section “Supported ARM Cores” in the J-Link ARM
manual.

Which CPUs are flash breakpoint supported?
For a list of supported cores see section Supported flash devices on page 56.

What is the advantage of flash download versus the flash loader that comes with
my IDE?

In a lot of cases, the J-LINK RDI flash download is significantly faster than that
provided by the IDE. Another advantage is that it uses the same flash program-
ming code being used for flash breakpoints, so it is very easy to set up flash
breakpoints if you are already using J-Link RDI flash download.
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Chapter 11
Support

This chapter contains troubleshooting tips together with solutions for common prob-
lems which might occur when using J-Link RDI. There are several steps you can take

before contacting support. Performing these steps can solve many problems and
often eliminates the need for assistance.
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11.1 Troubleshooting

11.1.1 General procedure

If you experience problems with J-Link RDI, you should follow the steps below to
solve these problems:

Close all running applications on your host system.

Disconnect the J-Link ARM device from USB.

Power-off target.

Re-connect J-Link ARM with host system (attach USB cable).

Power-on target.

Try your target application again. If the problem vanished, you are done; other-

wise continue.

7. Close all running applications on your host system again.

8. Disconnect the J-Link ARM device from USB.

9. Power-off target.

10. Re-connect J-Link ARM with host system (attach USB cable).

11. Power-on target.

12. Start JLink.exe.

13. If JLink.exe reports the J-Link ARM serial humber and the target processor’s
core ID, your J-Link ARM is working properly and cannot be the cause of the
problem.

14. If JLink.exe is unable to read the target processor’s core ID you should analyze
the communication between your target and J-Link ARM with a logic analyzer or
oscilloscope. Follow the instructions in chapter "Support|Signal analysis" in the J-
Link ARM users manual.

15. If your problem persists and you own an original Segger J-Link ARM (not an OEM

version), see section Contacting support on page 84.

aoOunhWNH

11.1.2 Typical problem scenarios
J-Link RDI doesn’t seem to do anything

Most likely reason:
The J-Link RDI DLL may not initialized by the debugger.
Remedy:

Please restart your debugger.

11.2 Contacting support

Before contacting support, make sure you tried to solve your problem by following
the steps outlined in section General procedure on page 84. You may also try your J-
Link ARM with another PC and if possible with another target system to see if it works
there. If the device functions correctly, the USB setup on the original machine or
your target hardware is the source of the problem, not J-Link ARM.

If you need to contact support, please send the following information to
support@segger.com:

A detailed description of the problem.

J-Link ARM serial number.

Output of JLink.exe if available.

Your findings of the signal analysis.

Information about your target hardware (processor, board etc.).

J-Link ARM is sold directly by SEGGER or as OEM-product by other vendors. We can
support only official SEGGER products.
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Chapter 12

Glossary

This chapter explains important terms used throughout this manual.
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Application Program Interface

A specification of a set of procedures, functions, data structures, and constants that
are used to interface two or more software components together.

Big-endian

Memory organization where the least significant byte of a word is at a higher address
than the most significant byte. See Little-endian.

Cache cleaning

The process of writing dirty data in a cache to main memory.

Coprocessor

An additional processor that is used for certain operations, for example, for floating-
point math calculations, sighal processing, or memory management.

Dirty data

When referring to a processor data cache, data that has been written to the cache
but has not been written to main memory. Only write-back caches can have dirty
data, because a write-through cache writes data to the cache and to main memory
simultaneously. The process of writing dirty data to main memory is called cache
cleaning.

Dynamic Linked Library (DLL)
A collection of programs, any of which can be called when needed by an executing

program. A small program that helps a larger program communicate with a device
such as a printer or keyboard is often packaged as a DLL.

EmbeddedICE

The additional hardware provided by debuggable ARM processors to aid debugging.
Host

A computer which provides data and other services to another computer. Especially, a
computer providing debugging services to a target being debugged.

ICache

Instruction cache.

ICE Extension Unit

A hardware extension to the EmbeddedICE logic that provides more breakpoint units.
ID

Identifier.

IEEE 1149.1

The IEEE Standard which defines TAP. Commonly (but incorrectly) referred to as
JTAG.

Image
An executable file that has been loaded onto a processor for execution.
In-Circuit Emulator (ICE)

A device enabling access to and modification of the signals of a circuit while that cir-
cuit is operating.

Instruction Register

When referring to a TAP controller, a register that controls the operation of the TAP.
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IR

See Instruction Register.

Joint Test Action Group (JTAG)

The name of the standards group which created the IEEE 1149.1 specification.
Little-endian

Memory organization where the least significant byte of a word is at a lower address
than the most significant byte. See also Big-endian.

Memory coherency

A memory is coherent if the value read by a data read or instruction fetch is the
value that was most recently written to that location. Memory coherency is made dif-
ficult when there are multiple possible physical locations that are involved, such as a
system that has main memory, a write buffer and a cache.

Memory management unit (MMU)

Hardware that controls caches and access permissions to blocks of memory, and
translates virtual to physical addresses.

Memory Protection Unit (MPU)

Hardware that controls access permissions to blocks of memory. Unlike an MMU, an
MPU does not translate virtual addresses to physical addresses.

Multi-ICE

Multi-processor EmbeddedICE interface. ARM registered trademark.

nSRST

Abbreviation of System Reset. The electronic signal which causes the target system
other than the TAP controller to be reset. This signal is known as nSYSRST in some
other manuals. See also nTRST.

nTRST

Abbreviation of TAP Reset. The electronic signal that causes the target system TAP

controller to be reset. This signal is known as nICERST in some other manuals. See
also nSRST.

Open collector

A signal that may be actively driven LOW by one or more drivers, and is otherwise
passively pulled HIGH. Also known as a "wired AND" signal.

Processor Core

The part of a microprocessor that reads instructions from memory and executes
them, including the instruction fetch unit, arithmetic and logic unit and the register
bank. It excludes optional coprocessors, caches, and the memory management unit.

Program Status Register (PSR)

Contains some information about the current program and some information about
the current processor. Often, therefore, also referred to as Processor Status Register.

Is also referred to as Current PSR (CPSR), to emphasize the distinction between it
and the Saved PSR (SPSR). The SPSR holds the value the PSR had when the current
function was called, and which will be restored when control is returned.
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Remapping

Changing the address of physical memory or devices after the application has started
executing. This is typically done to allow RAM to replace ROM once the initialization
has been done.

Remote Debug Interface (RDI)

RDI is an open ARM standard procedural interface between a debugger and the
debug agent. The widest possible adoption of this standard is encouraged.

Scan Chain

A group of one or more registers from one or more TAP controllers connected
between TDI and TDO, through which test data is shifted.

Semihosting

A mechanism whereby the target communicates I/O requests made in the application
code to the host system, rather than attempting to support the I/0 itself.

Swi

Software Interrupt. An instruction that causes the processor to call a programer-
specified subroutine. Used by ARM to handle semihosting.

TAP Controller

Logic on a device which allows access to some or all of that device for test purposes.
The circuit functionality is defined in IEEE1149.1.

Target

The actual processor (real silicon or simulated) on which the application program
isrunning.

TCK

The electronic clock signal which times data on the TAP data lines TMS, TDI, and
TDO.

TDI

The electronic signal input to a TAP controller from the data source (upstream). Usu-
ally this is seen connecting the Multi-ICE Interface Unit to the first TAP controller.

TDO

The electronic signal output from a TAP controller to the data sink (downstream).
Usually this is seen connecting the last TAP controller to the Multi-ICE Interface Unit.

Test Access Port (TAP)

The port used to access a device's TAP Controller. Comprises TCK, TMS, TDI, TDO and
NnTRST (optional).

Transistor-transistor logic (TTL)

A type of logic design in which two bipolar transistors drive the logic output to one or
zero. LSI and VLSI logic often used TTL with HIGH logic level approaching +5V and
LOW approaching OV.

Watchpoint

A location within the image that will be monitored and that will cause execution to
stop when it changes.

Word

A 32-bit unit of information. Contents are taken as being an unsigned integer unless
otherwise stated.
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