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About this document

This document describes J-Link and J-Trace. It provides an overview over the major
features of J-Link and J-Trace, gives you some background information about JTAG,
ARM and Tracing in general and describes J-Link and J-Trace related software pack-
ages available from Segger. Finally, the chapter Support and FAQs on page 107 helps
to troubleshoot common problems.

For simplicity, we will refer to J-Link ARM as J-Link in this manual.

Typographic conventions

This manual uses the following typographic conventions:

Style Used for
Body Body text.
Keyword T(_axt that you _enter at the commanc_:l-prompt or that appears on the
display (that is system functions, file- or pathnames).
Reference Reference to chapters, tables and figures or other documents.
GUIElement | Buttons, dialog boxes, menu names, menu commands.

Table 1.1: Typographic conventions
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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.

Corporate Office: United States Office:
http://www.segger.com http://www.segger-us.com
EMBEDDED SOFTWARE SEGGER TOOLS
(Middleware)
emWin Flasher
Graphics software and GUI Flash programmer
emWin is designed to provide an effi- Flash Programming tool primarily for microcon-
cient, processor- and display control- trollers.
ler-independent graphical user .
interface (GUI) for any application that J-Link
operates with a graphical display. JTAG emulator for ARM cores
Starterkits, eval- and trial-versions are USB driven JTAG interface for ARM cores.
available.
J-Trace
embOS JTAG emulator with trace
Real Time Operating System USB driven JTAG interface for ARM cores with
===  embOS is an RTOS designed to offer Trace memory. supporting the ARM ETM (Embed-
=] the benefits of a complete multitasking ded Trace Macrocell).
[ system for hard real time applications .
with minimal resources. The profiling J-Link / J-Trace Related Software
PC tool embOSView is included. Add-on software to be used with SEGGER’s indus-
try standard JTAG emulator, this includes flash
emfFile programming software and flash breakpoints.

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

J-Link / J-Trace User Guide © 1997 - 2007 SEGGER Microcontroller GmbH & Co. KG



Table of Contents

A 1 11 o To [ [ 1 0] o U 11
1.1 B IR 01 e 1= V) 12
1.1.1 Features Of J-LinK ..o e e e r e e e as 12
1.2 Bl I = ol ST 0 V7= VAT 13
1.2.1 LT [ =T oY 0 I = T = 13
1.2.2 Test enNVIFONMENT ..o e 14
1.3 1Y o= Tl o= uTo ] o = P 15
1.3.1 Specifications fOr J-LinK ...uuii i e 15
1.3.2 SPeCifications fOr J-Trate .cuu ittt e e e e ae s 15
1.3.3 (Do) ] oY= s I o =T=To PP 16
1.4 =T LU 1 =T 0 1= 1PN 17

T LU | o PP PPPPPPPTPPPPRR 19
2.1 Installing the J-Link ARM software and documen-tation pack .............cooviiiii 20
2.1.1 Y181 T 0] o Yol =T 10T = P 21
2.1.2 Verifying correct driver installation ... 24
2.2 Uninstalling the J-Link USB driver .....cciiiiiiii i i e i 26
2.3 Connecting the target SyStamM ... i e 27
2.3.1 M= o] g I Y=o [ U T=T o Lol PP 27
2.3.2 Verifying target device conNeCtion ....c.coiiiiiiiiiii 27
2.3.3 o 0 0] 1= o = PP 27
2.4 Scan chain configUration .. ...t e e 28
2.4.1 Sample configuration dialog bOXES .....iviiiiiiiiii 28
2.4.2 Determining values for scan chain configuration...........ccoiiiiiiiiiiiin e, 30
2.5 17 Y Y o 1= o 31
2.5.1 D<o I Y =Y 01T T [ 31
2.5.2 AULOMATIC JTAG SPEEA .. ittt e et aees 31
2.5.3 AdapPtive ClOCKING. . i e e 31

3 J-Link and J-Trace related SOftWare...........ccooviiiiii i e 33
3.1 J-Link related SOftWare ...o.viiiii i e 34
3.1.1 J-Link software and documentation package..........ccoiiiiiiiiiiiiiiiii 34
3.1.2 List of additional software packages .......ccviiiiiiiiiiiii 34
3.2 J-Link software and documentation package in

(o ]t PP 35
3.2.1 J-Link Commander (Command line tool) ...cooiiiiiiiiiiii e 35
3.2.2 J-Link STR9 Commander (Command line tool) ....ccvviiiiiiiiiiiiiic 35
3.2.3 J-Link TCP/IP Server (Remote J-Link / J-Trace USE€) ...iiiiiiiiiiiiiiiiiiieiiieiiieennnn 36
3.2.4 B =T o g TN Tt o] VYA 1< L= P 36
3.2.5 J-Flash ARM (Program flash memory via JTAG) ....cciiiiiiiiiiiii e 37
3.2.6 J-Link RDI (Remote Debug Interface) ..ccvviiiiiiiiiiiiii e 38
3.2.7 B T 1 BT Y < V=T PP 40
3.3 Additional software packages in detail ......cooceviiiiiiiiii 41
3.3.1 JTAGLoad (Command liNe £001) ..ciiiiiii i e 41
3.3.2 J-Link Software Developer Kit (SDK) ..uiiiiiiiiiiiii i e e 41
3.3.3 J-Link Flash Software Developer Kit (SDK) .iiiiiiiiiiiiiiiiic i 41
3.4 Using the J-LINKARM.AIl ....iiriiii e v e e e e e aneanens 42
3.4.1 What is the JLINKARM.AII? ....rii i e e s e ee e s 42
3.4.2 Updating the DLL in third-party programs ......c.oooiiiiiiiii i e 42
3.4.3 Determining the version of JLINKARM.AIl ... e 42

J-Link / J-Trace User Guide © 2004 - 2007 SEGGER Microcontroller GmbH & Co. KG



3.4.4 Determining which DLL is used by @ program ......ccocevieiiiiiiiiiiiiiiine e seaas 43
4 Working With J-LINK @nd J-TraCe.......ccouiiiiiiiiiiiiiiiiiie ettt 45
4.1 SUPPOrEEA ARM GO S ouiiiti ittt ittt ettt s s e s e e ane e s e e areeneaareannans 46
4.2 ReESEt StratEgieS .ttt i i e 47
4.2.1 Reset strategies in detail ... ..o 47
4.3 Cache handling ...ceo e 49
4.3.1 (OF= Yol gL I olo] g 1<) /=T o on Y PP 49
4.3.2 (OF-Tol a [ ol [=T=1 o I o =T TP 49
4.3.3 Cache handling Of ARM7 COIES ....uuuiiiieii et e e e e e aaans 49
4.3.4 Cache handling of ARMO COIES ....uuuiiiiiii et e e e e naans 49
4.4 Connecting multiple J-Links / J-Traces to your PC......ccoiiiiiiiiiiiic i ieeaneas 50
4.4.1 HOW dOES 1 WOIK? .o e e e e e eas 50
4.4.2 Configuring multiple J-LinkS / J=-Traces ....co.ciuiieiie i eeees 51
4.4.3 Connecting to a J-Link / J-Trace with non default USB-Address...................... 52
4.5 Multi-core debugging ......oeiiii e 53
4.5.1 How multi-core debugging WOrkS. ..o e 53
4.5.2 Using multi-core debugging in detail ..........ccooiii i 54
4.5.3 Things you should be aware Of ..o e 56
4.6 Multiple devices in the scan chain.......ccooiiiic i e 57
4.6.1 (@{oT o) 1 Ts [UT = w o o IO 57
4.7 Using DCC fOr MEMOIY @CCESS ...uueueineineeae et eneaneeaeaneanean e e aneaneaeaneanenes 58
4.7.1 L o= Y A TR <Y LU ] <o PP 58
4.7.2 Target DCC handler ...t e e e 58
4.7.3 Target DCC abort handler. .. ... e 58
4.7.4 Testing DCC MEMONY GCCESS .uuuuiiutittiutatsrerssrarsassrarsassrassaeraeaasrassansrnesnes 59
4.8 (@{oT 0 01 o T=T Lo IE=3 o o[ Vo =00 P 60
4.8.1 List of available commands.........ouiiiiii e 60
4.8.2 USiNg COMMANA SEFNGS . et et e e e ne e 64
4.9 Switching off CPU clock during debug.........ccoeiieiiiiiii e 66
5 DEVICE SPECITICS ...ttt ittt et e et e e e e e e e e e e e e e e e e e e e e an e e 67
5.1 ANAI0G DBVICES ittt i e e e e e e 68
5.1.1 AADUCT7 XXX 1ttt teeeaneeeaneesaee s saeesaeesane e sae e e sane s ane s aan e san e e s e e en e e 68
5.2 AN I 1 1] PP 69
5.2.1 AT O L S A 7 e e 69
5.2.2 AT O L S A i e 69
5.3 N X P e 70
5.3.1 PP 70
5.4 Sl I ol o= =Tt o o] | [0l PP 71
54.1 R IS 5P 71
5.4.2 R I G 5P 71
5.4.3 I I 453 P 71
5.4.4 I IS I 71
5.4.5 1 I G 7P 71
5.5 Texas INSErUMENES .. e 71
5.5.1 LIS 74 O PP 71
B HAIAWAIE ... e e e e e e e et ettt ettt e e e e e e e e e aeeeeeeeeerrrannas 73
6.1 B X @0 3 T=T o o 74
6.1.1 PN OUT . st e 74
6.1.2 Target board design for JTAG ... ittt i i e e i e aeeaas 75
6.2 Using the JTAG connector wWith SWD ... 76
6.2.1 PN DU e 76
6.3 JTAGHTIraCE CONNECEON .ttt e e et srae e 77
6.3.1 Connecting the target board .......coiiiiiiii i 77
6.3.2 PINMOUT. e e 78
6.3.3 Assignment of trace information pins between ETM architecture versions........ 79
6.3.4 L= TSI T 1 =1 79
6.4 ] = I o I I P 81

J-Link / J-Trace User Guide © 2004 - 2007 SEGGER Microcontroller GmbH & Co. KG



6.5 Y I o =T P 82
6.5.1 JTAG 14 pin @dapler (v e 82
6.5.2 5 VoIt @dapler .. e 83
6.6 How to determine the hardware Version.......cccvviiiiii i i 84
6.6.1 Differences between different versions .........ccooiiiiiiiiiiiiiiiic 85
6.7 B I o1 Q@ ] = V7= =] o] o 1= PP 87
6.7.1 (I o) O ] =1\ o] o o [ Lo o= PR 87
7 Background iNfOrMELION .........oooiiiiiiiie et e e ee s 89
7.1 8 2 PP 90
7.1.1 TESt @CCESS POIT (T AP ) ittt ittt ittt a e st s e e r e s e e e rneanneanens 90
7.1.2 Data regiSterS .ot e 90
7.1.3 |0 F] o W ot o o T o I =T | 1= o T 90
7.1.4 The TAP CONTrOlEr uviri i e et e e aneeneans 91
7.2 R LCI AN o] o = PP 93
7.2.1 [ o Tol<YY Yo ] gl o o [= T PP 93
7.2.2 Registers of the CPU COre ... e e 93
7.2.3 ARM / Thumb instruction set ....iiiiiiiiiiii i e e 94
7.3 =45 gYo7=Te [o [=Ta | (@ = PP 95
7.3.1 Breakpoints and watChpoints.....ccviiiiii e 95
7.3.2 B I (O] o =T 1 o= o= PP 96
7.4 Embedded Trace Macrocell (ETM) .ot re e eaeas 97
7.5 Embedded Trace BUffer (ETB) .iueiieiiiiiiie i iieiie i sesieesesanesesanesnesnnennens 98
7.6 Flash Programming ...t e e e e e e e e eeanens 99
7.6.1 How does flash programming via J-Link / J-Trace work ?........c.cccoieiiiiiiiinnnnns 99
7.6.2 Data download t0 RAM ..ot 99
7.6.3 Data download Via DCC ....uiiiiiiii it e a e aneas 99
7.6.4 Available options for flash programming .........ccccoiiiiiii s 99
7.7 J-LinK / J-Trace firmMWarE vttt iee e it e s i e e s s nanesssaaeesransaeerannsnnesns 101
7.7.1 Firmware Update ..o.viii i 101
7.7.2 Invalidating the firmware. ... ..o e 101
8 Designing the target board fOr tracCe ............ccuuiiiiiiiiiii e 103
8.1 Overview of high-speed board design .......cciiiiiiiiiiiiii e 104
8.1.1 AVOIdING STUDS i 104
8.1.2 Minimizing Signal Skew (Balancing PCB Track Lengths).......cccccviiiiiiiiiinnnnn, 104
8.1.3 MiniMizing Crosstalk ..oviiiiiiii i 104
8.1.4 Using impedance matching and termination ..o 104
8.2 Terminating the trace signal.......coi i 105
8.2.1 Rules for series termMiNators «uoviiiir i e aneenes 105
8.3 Yo [ =1 I =T 18 1 =] 0 1= 0] = 106
O SUPPOIT AN FAQS ..ottt e e e e e e e e e et e e e ebtbbbaa e e e e e e e e aaaaeeeeeeaeeees 107
9.1 TroubleshOOtiNgG .o 108
9.1.1 (Y= aT=] =1 I o] gl YT LU ] o= 108
9.1.2 Typical problem SCENAMIOS ...iiiiti it i e e e e 108
9.2 SIgNaAl @NAIY SIS ittt e 110
9.2.1 S =] =T =To [U 1< Lol = P 110
9.2.2 TroublesShOOtiNgG .o 110
9.3 (@feY g w=Tot o1 To =TV o] Lo o (PP 111
9.4 Frequently Asked QUESTIONS .....iiiiii it e e 112
O €1 (0115 | o TSRS 113
11 Literature and refErENCES .......ccoiiiiii e 119

J-Link / J-Trace User Guide © 2004 - 2007 SEGGER Microcontroller GmbH & Co. KG



10

J-Link / J-Trace User Guide © 2004 - 2007 SEGGER Microcontroller GmbH & Co. KG



11

Chapter 1

Introduction

This chapter gives a short overview about J-Link and J-Trace.
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1.1

CHAPTER 1 Introduction

J-Link overview

J-Link is a JTAG emulator designed for ARM cores. It connects via USB to a PC run-
ning Microsoft Windows 2000, Windows XP, Windows 2003 or Windows Vista. J-Link
has a built-in 20-pin JTAG connector, which is compatible with the standard 20-pin
connector defined by ARM.

1.1.1

* =

Features of J-Link

USB 2.0 interface

Any ARM7/ARM9 core supported, including thumb mode

Automatic core recognition

Maximum JTAG speed 12 MHz

Download speed up to 720 Kbytes/second *

DCC speed up to 800 Kbytes/second *

Seamless integration into the IAR Embedded Workbench® IDE

No power supply required, powered through USB

Auto speed recognition

Support for adaptive clocking

All JTAG signhals can be monitored, target voltage can be measured
Support for multiple devices

Fully plug and play compatible

A Standard 20-pin JTAG connector

Optional 14-pin JTAG adapter available

Wide target voltage range: 1.2V - 3.3V

Optional adapter for 5V targets available

An USB and 20-pin ribbon cable included

Memory viewer (J-Mem) included

A TCP/IP server included, which allows using J-Link via TCP/IP networks
A RDI DLL available, which allows using J-Link with RDI compliant software
Flash programming software (J-Flash) available

A Flash DLL available, which allows using flash functionality in custom applica-
tions

A Software Developer Kit (SDK) available

Embedded Trace Buffer (ETB) support

Measured with J-Link Rev.5, ARM7 @ 50 MHz, 12MHz JTAG speed.
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1.2 J-Trace overview

J-Trace is a JTAG emulator designed for ARM cores which includes trace (ETM) sup-
port. It connects via USB to a PC running Microsoft Windows 2000, Windows XP, Win-
dows 2003 or Windows Vista. J-Trace has a built-in 20-pin JTAG connector and a built
in 38-pin JTAG+Trace connector, which is compatible with the standard 20-pin con-
nector and 38-pin connector defined by ARM.

1.2.1 Features of J-Trace

USB 2.0 interface

Any ARM7/ARM9 core supported, including thumb mode

Automatic core recognition

Maximum JTAG speed 12 MHz

Download speed up to 420 Kbytes/second *

DCC speed up to 600 Kbytes/second *

Seamless integration into the IAR Embedded Workbench® IDE

No power supply required, powered through USB

Auto speed recognition

Support for adaptive clocking

All JTAG signals can be monitored, target voltage can be measured
Support for multiple devices

Fully plug and play compatible

Standard 20-pin JTAG connector, standard 38-pin JTAG+Trace connector
An Optional 14-pin JTAG adapter available

Wide target voltage range: 3.0V - 3.6V

An Optional adapter for 5V targets available

An USB and 20-pin ribbon cable included

Memory viewer (J-Mem) included

A TCP/IP server included, which allows using J-Trace via TCP/IP networks
Flash programming software (J-Flash) available

A Flash DLL available, which allows using flash functionality in custom applica-
tions

A Software Developer Kit (SDK) available

e Full integration with the IAR C-SPY® debugger; advanced debugging features
available from IAR C-SPY debugger.

* = Measured with J-Trace, ARM7 @ 50 MHz, 12MHz JTAG speed.
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1.2.2 Test environment

CHAPTER 1

Introduction

JLink.exe has been used for measurement performance. The hardware consisted of:

USB 2.0 port

USB 2.0 hub

J-Link

Target with ARM7 running at 50MHz.

PC with 2.6 GHz Pentium 4, running Win2K

Below is a screenshot of JLink.exe after the measurement has been performed.

J 3-Link ARM ¥3.00h

Link

SEGGER J-Link Commander U3.B00h

Compiled Feh 2 2886 15:51:24

DLL version U3.80h. compiled Febh 2 2806 15

Firmware: J-Link compiled Jan 38 20086 11:25

Hardware: U5_2ZH

S-N = 11888681

UTarget = J.298U

Speed set to 3@ kH=

Found 1 JTAG device. Total IRLen =
Id of device #1: Bx3FBFAFAF

Found ARM with core Id Bx3FOFBFWF

J-Link>speed 12008

Speed: 12088kHz

J-Link>*testuspeed

o7

4:
CARM?>

Speed test: Weiting 5 * 128kb into memory [ address BxBEABUBEEA

128 kByte written in 212ms ¥ <617.1 kb sec)
J-Link>_

for helpl

:5@:=57
41 ARM Rev.G

M[=] E3
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1.3 Specifications

1.3.1 Specifications for J-Link
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Power Supply

USB powered <50mA

USB Interface

USB 2.0, full speed

Target Interface

JTAG 20-pin (14-pin adapter available)

Serial Transfer Rate between J-Link and Tar-
get

up to 12 MHz

Supported Target Voltage

1.2 - 3.3 V (5V adapter available)

Target supply voltage

4.5V .. 5V (if powered with 5V on USB)

Target supply current

Max. 300mA

Operating Temperature

+5°C ... +60°C

Storage Temperature

-20°C ... +65 °C

Relative Humidity (non-condensing) <90% rH
Size (without cables) 100mm x 53mm x 27mm
Weight (without cables) 70g

Electromagnetic Compatibility (EMC)

EN 55022, EN 55024

Supported OS

Microsoft Windows 2000
Microsoft Windows XP
Microsoft Windows XP x64
Microsoft Windows 2003
Microsoft Windows 2003 x64
Microsoft Windows Vista
Microsoft Windows Vista x64

Table 1.1: J-Link specifications

1.3.2 Specifications for J-Trace

Power Supply

USB powered < 300mA

USB Interface

UsSB 2.0, full speed

Target Interface

JTAG 20-pin (14-pin adapter available)
JTAG+Trace: Mictor, 38-pin

Serial Transfer Rate between J-Trace and
Target

up to 12 MHz

Supported Target Voltage

3.0 - 3.6 V (5V adapter available)

Operating Temperature

+5°C ... +40°C

Storage Temperature

-20°C ... +65 °C

Relative Humidity (non-condensing) <90% rH
Size (without cables) 123mm x 68mm x 30mm
Weight (without cables) 120g

Electromagnetic Compatibility (EMC)

EN 55022, EN 55024

Supported 0OS

Microsoft Windows 2000
Microsoft Windows XP
Microsoft Windows XP x64
Microsoft Windows 2003
Microsoft Windows 2003 x64
Microsoft Windows Vista
Microsoft Windows Vista x64

Table 1.2: J-Trace specifications
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1.3.3 Download speed

The following table lists performance values (Kbytes/s) for writing to memory (RAM):

Hardware Memory download ARM7 ARM9
via DCC Memory download | Memory download
O i 185.0 Kbytes/s 150.0 Kbytes/s 75.0 Kbytes/s
J-Link Rev. 1 —4 | 4 MHz ITAG) (4MHz JTAG) (4MHz JTAG)
J-Link Rev. 5 800.0 Kbytes/s 720.0 Kbytes/s 550.0 Kbytes/s
' (12MHz JTAG) (12MHz JTAG) (12MHz JTAG)
g 600.0 Kbytes/s 420.0 Kbytes/s 280.0 Kbytes/s
J-Trace Rev.1 (12MHz JTAG) (12MHz JTAG) (12MHz JTAG)

Table 1.3: Download speed differences between hardware revisions

Note: The actual speed depends on various factors, such as JTAG, clock speed,
host CPU core etc.
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1.4 Requirements
Host System

To use J-Link or J-Trace you need a host system running Windows 2000, Windows XP,
Windows 2003, or Windows Vista.

Target System

An ARM7 or ARM9 target system is required. The system should have a standardized
20-pin connector as defined by ARM Ltd. for a simple JTAG connection. The individual
pins are described in section JTAG Connector on page 74. Note that Segger offers an
optional adapter to use J-Link and J-Trace with targets using 14 pin 0.1" mating JTAG
connectors.

To use tracing with J-Trace, you need a 38-pin connector on your target board as
defined by ARM Ltd. and described under JTAG+Trace connector on page 77. The
individual pins are described in section Pinout on page 78.

J-Link / J-Trace User Guide © 1997 - 2007 SEGGER Microcontroller GmbH & Co. KG
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Chapter 2
Setup

This chapter describes the setup procedure required in order to work with J-Link / J-
Trace. Primarily this includes the installation of the J-Link software and documenta-
tion package, which also includes a kernel mode J-Link USB driver in your host sys-
tem.

J-Link / J-Trace User Guide © 1997 - 2007 SEGGER Microcontroller GmbH & Co. KG
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2.1 Installing the J-Link ARM software and documen-
tation pack

J-Link is shipped with a bundle of applications, corresponding manuals and some
sample projects and the kernel mode J-Link USB driver. Some of the applications

require an additional license, free trial licenses are avaliable upon request from
www.segger.com.

Refer to chapter J-Link and J-Trace related software on page 33 for an overview
about the J-Link software and documentation pack.
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2.1.1 Setup procedure

To install the J-Link ARM software and documentation pack, follow this procedure:

Note: We recommend to check if a newer version of the J-Link software and doc-
umentation pack is available for download before starting the installation. Check
therefore the J-Link related download section of our website:

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

1. Before you plug your J-Link / J-Trace into your computer's USB port, extract the
Setup_JLinkARM_V<VersionNumber>.zip.
install the software and documentation pack that also includes the certified J-
Link USB driver. Start the setup by double clicking Setup_JLinkARM_V<Version-
Number>.exe. The license Agreement dialog box will be opened. Accept the

setup tool

terms with the Yes button.

#2 License Agreement E
Fleaze read the following license agreement. Use the scroll bar
to wiew the rest of this agreement.
Important - Read carefully: ﬂ

Thiz licenze iz a legal agreement between YOU [either an
individual or a single entity] and SEGGER Microcontroller
Systeme GmbH [called SEGGER).

By downloading and/or using J-Link ARM software, you
agree to be bound by the terms of this agreement.

1. LICENSE AGREEMENT

In thiz agreement 'Licenszor' shall mean SEGGER except

under the following circumstances

If Licensee acquired the product az a bundled component ofLI

Do you accept all the terms of the preceding license agreement?
If 0, click on the ez push button. 1f you select Mo, Setup will
close.

Yes | Mo I

2. The Welcome dialog box is opened. Click Next > to open the Choose Destina-

tion Location dialog box.

42 welcome

‘welcome toJ-Link ARM % 3.58c Setup program.
% Thiz program will install J-Link ARk %3.58c on your
= computer,

Click Cancel to quit Setup, click Next to continue with the
Setup program .

WARMIMG: This program iz protected by coppright law and
international treaties.

Unautharized reproduction or distribution of thiz program, or any
portion of it, may result in severe civil and criminal penalties,
and will be prozecuted to the mazimum extent possible under
law.

Mest » Cancel

J-Link / J-Trace User Guide
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3. Accept the default installation path C:\Program Files\SEG-
GER\JLinkARM_V<VersionNumber> or choose an alternative location. Confirm
your choice with the Next > button.

;‘:—_ Choose Destination Location

Setup will inztall J-Link ARM %358 in the following folder.

To inztall into a different folder, click Browse, and select
another folder.

*f'ou can chooge not to install J-Link ARM %3.58c by clicking
Cancel to exit Setup.

" Destination Folder

C:A ASEGGERSLinkARM_W358c Browse... |

Cancel |

4. The Choose options dialog is opened. The Create entry in start menu and the
Add shortcuts to desktop option are preselected. Accept or deselect the
options and confirm the selection with the Next > button.

#2 Choose options E

Chooze options for creating shortcuts

¥ Create entry in start meru

¥ &dd shortcuts to desktop

Cancel |

5. The installation process will be started.

Installing (=[] =]
& &
_
— Current File
Copying file:

C:h L SLinkARR_W 358c\USBDriversLinkxB4. sys

&l File:

Time Remaining 0 minutes 0 seconds

< Back | [dEwt |
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The Installation Complete dialog box appears after the copy process. Close the

installation wizard with the Finish > button.

#2 Installation Complete ]

J-Link ARM % 3.58c has been successfully installed.

Press the Finish button to exit this installation.

<Back [T Enishs Gancal |

The J-Link software and documentation pack is successfully installed on your PC.
7. Connect your J-Link via USB with your PC. The J-Link will be identified and after
a short period the J-Link LED stopps rapidly flashing and stays on permanently.

J-Link / J-Trace User Guide
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2.1.2 \Verifying correct driver installation

To verify the correct installation of the driver, disconnect and reconnect J-Link / J-
Trace to the USB port. During the enumeration process which takes about 2 seconds,
the LED on J-Link / J-Trace is flashing. After successful enumeration, the LED stays
on permanently.

Start the provided sample application JLink.exe, which should display the compila-
tion time of the J-Link firmware, the serial number, a target voltage of 0.000V, a
complementary error message, which says that the supply voltage is too low if no
target is connected to J-Link / J-Trace, and the speed selection. The screenshot below
shows an example.

2, J-Link ARM V3 58c = B3

SEGGER J-Link Commander U3.58c <’'7’ for help>

Compiled Jan 12 2887 12:54:38

DLL version U3.58c. compiled Jan 12 2887 12:54:35
Firmware: J-Link compiled Dec 21 2886 16:23:41 ARM Rev.5S
Hardware: US.38

S/N : I

UTarget = B.888U

s Epror: Supply voltage too low (1 Volt is required. Measured: B.8 Uoltd.
Please check target power.

JTAG speed: 38 kH=z

J-LinkZ>

In addition you can verify the driver installation by consulting the Windows device
manager. If the driver is installed and your J-Link / J-Trace is connected to your com-
puter, the device manager should list the J-Link USB driver as a node below "Univer-
sal Serial Bus controllers" as shown in the following screenshot:

_.5..'.;; Device Manager M= 3

Batteries
Computer
Disk drives
Dizplay adapters
DD /CD-ROM drives
Floppy dizk controllers
Floppy digk drives
IDE ATAAATAPI controllers
Keyboards
% Mice and other pointing devices
+ Metwork. adapters
5 Ports [COM & LPT)
+ = Sound, video and game controllers
System devices
Universal Serial Bus controllers
Intel 823714B/ER PCl to USBE Universal Host Controller

USE Root Hub
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Right-click on the driver to open a context menu which contains the command Prop-
erties. If you select this command, a J-Link driver Properties dialog box is opened
and should report: This device is working properly.

J-Link driver Properties EHE

General | Ditiver |

G%b J-Link driver
Device type: Univerzal Serial Bus controllers
Manufacturer: Segger
Locatior: J-Link
— Device statu:
Thiz device iz working properly. ;I

If you are having problems with this device, click Troubleshooter to
start the troubleshoater.

Device usage:
Use this device [enable) j

(] 3 | Cancel |

If you experience problems, refer to the chapter Support and FAQs on page 107 for
help. You can select the Driver tab for detailed information about driver provider,
version, date and digital signer.

J-Link driver Properties EHE

General  Driver |

9@ i J-Link driver

Diriver Provider: Segger

Criver Date: 07-01-09

Criver Version: 2650

Digital Signer: Microzoft \Windows Hardware Compatibility Publ
To view details about the driver files loaded for this device, click Driver

Detailz. To uninstall the driver files for this device, click Uningtall. To update
the driver files for this device, click Lpdate Driver.

Uningtall | Update Driver... |

(] 3 | Cancel |

J-Link / J-Trace User Guide © 1997 - 2007 SEGGER Microcontroller GmbH & Co. KG
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2.2 Uninstalling the J-Link USB driver

If J-Link / J-Trace is not properly recognized by Windows and therefore does not enu-
merate, it make sense to uninstall the J-Link USB driver.

This might be the case when:

e The LED on the J-Link / J-Trace is rapidly flashing.
e The J-Link / J-Trace is recognized as Unknown Device by Windows.

To have a clean system and help Windows to reinstall the J-Link driver, follow this

procedure:

1. Disconnect J-Link / J-Trace from your PC.

2. Open the Add/Remove Programs dialog (Start > Settings > Control Panel
> Add/Remove Programs) and select Windows Driver Package - Segger
(jlink) USB and click the Change/Remove button.

&R Add/Remove Programs =] 3
Currently installed programs: Sork by:l Mame - I

BN 3-Link ARM V3. 66a =l

Change/Remove

3. Confirm the uninstallation process.

@ All devices uzing this driver will be removed. Do you wish to continue?

J-Link / J-Trace User Guide © 1997 - 2007 SEGGER Microcontroller GmbH & Co. KG
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2.3 Connecting the target system

2.3.1 Power-on sequence

In general, J-Link / J-Trace should be powered on before connecting it with the target
device. That means you should first connect J-Link / J-Trace with the host system via
USB and then connect J-Link / J-Trace with the target device via JTAG. Power-on the
device after you connected J-Link / J-Trace to it.

2.3.2 Verifying target device connection

If the USB driver is working properly and your J-Link / J-Trace is connected with the
host system, you may connect J-Link / J-Trace to your target hardware. Then start
JLink.exe which should now display the normal J-Link / J-Trace related information
and in addition to that it should report that it found a JTAG target and the target’s
core ID. The screenshot below shows the output of JLink.exe. As can be seen, it
reports a J-Link with one JTAG device connected.

2, J-Link ARM V3 58c = B3

SEGGER J-Link Commander U3.58c <’'7’ for help>
Compiled Jan 12 2887 12:54:38
DLL version U3.58c. compiled Jan 12 2887 12:54:35
Firmware: J-Link compiled Dec 21 2886 16:23:41 ARM Rev.5S
Hardware: US.38
S-N : I
UTarget = 3.313V
JTAG speed: 38 kH=z
Found 1 JTAG device,. Total IRLen = 4:
Id of device #8: Bx4F1FAFAF
Found ARM with core Id Bx4F1FBFBF (ARM?7>
3 EIHkgi.Z: 1 pairs of addr.comp, B Data comp. 4 Mem—map decoders. 1 Counters
—Lin

2.3.3 Problems

If you experience problems with any of the steps described above, read the chapter
Support and FAQs on page 107 for troubleshooting tips. If you still do not find appro-
priate help there and your J-Link / J-Trace is an original Segger product, you may
contact Segger support via e-mail. Provide the necessary information about your tar-
get processor, board etc. and we will try to solve your problem. A checklist of the
required information together with the contact information can be found in chapter
Support and FAQs on page 107 as well.
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2.4 Scan chain configuration

By default, only one ARM device is assumed to be in the JTAG scan chain. If you have
multiple devices in the scan chain, you must properly configure it. To do so, you have
to specify the exact position of the ARM device that should be addressed. Configuration of
the scan is done by the target application. A target application can be a debugger
such as the IAR C-SPY® debugger, ARM’s AXD using RDI, a flash programming appli-
cation such as SEGGER's J-Flash, or any other application using J-Link / J-Trace. It is
the application’s responsibility to supply a way to configure the scan chain. Most
applications offer a dialog box for this purpose.

2.4.1 Sample configuration dialog boxes

As explained before, it is responsibility of the application to allow the user to config-
ure the scan chain. This is typically done in a dialog box; some sample dialog boxes
are shown below.

SEGGER J-Flash configuration dialog

This dialog box can be found under Options|Project settings.

Project settings E E

General ATAG | ARM | Flash |

—JTAG speed befare init
" Auto selection

" Adaptive clocking
|30 ~ | kHz

—JTAG speed after init
i+ Auto selection
" Adaptive clocking
" |4000 ~ | kHz

W JTAG zcan chain with multiple deviee

Eosition |0 =l IReEn |0

0z closest to TDI Sum of IRLens of devices clozer to TDL
IRLen of ARM chips is 4.

ok I Cancel Apply
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SEGGER J-Link RDI configuration dialog box

This dialog can be found under RDI|Configure for example in IAR Embedded Work-
bench®. For detailed information check the IAR Embedded Workbench user guide.

J-Link RDI Configuration

Generall 113 JTAG |Flash I Breakpointsl CPU I
—JTAG speed

&+ Auto selection

= Adaptive clocking
¢ [fon v kHz

—w UTAG scan chain with multiple devices:

Bositian IEI 'I IR len IU

0z closest ko TOI Sum of IRLens of devices closer to TDI.
IRLen of ARM chipz iz 4.

ety TAGE config |
ak I Cancel | Lpply I

IAR J-Link configuration dialog box

This dialog can be found under Project |Options.

Options for node "BTL_AT91_Y¥430"

Categony: Factary Settings |

General Options
C/C++ Compiler
Assembler r Communication
Cusztom Build
Buid Actions ~ Uss
Lirker  TCPAP Iaaa.bbb.ccc.ddd
Debugger
Sirmnulator —JTAG scan chain
fngel [V JTAG scan chain with multipl
I4F ROM-monitar Jd zcan chain with mulbiple targets
188 nnber. |7
Iglgul:raignr ¥ Scan chain containg non-4RM devices
Third-Party Driver Preceeding bits: ID
™ Log commurication
I$TDDLK|T_D|H$'\CSD}'CDI‘I‘II‘I‘I.|DQ J

] I Cancel |
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2.4.2 Determining values for scan chain configuration

When do | need to configure the scan chain?

If only one device is connected to the scan chain, the default configuration can be
used. In other cases, J-Link / J-Trace may succeed in automatically recognizing the
devices on the scan chain, but whether this is possible depends on the devices
present on the scan chain.

How do | configure the scan chain ?

2 values need to be known:

e The position of the target device in the scan chain
e The total number of bits in the instruction registers of the devices before the tar-
get device (IR len).

The position can usually be seen in the schematic; the IR len can be found in the
manual supplied by the manufacturers of the others devices.

ARM7/ARM9 have an IR len of four.
Sample configurations

The diagram below shows a scan chain configuration sample with 2 devices con-
nected to the JTAG port.

ol Cevice 0 0o 1o Cevice 1 100
TCK VS TRST
TOI 100
JTAG
Examples

The following table shows a few sample configurations with 1,2 and 3 devices in dif-
ferent configurations.

D_evice 0 D_evice 1 D_evice 2 Position IR len
Chip(IR len) | Chip(IR len)| Chip(IR len)
ARM (4) - - 0 0
ARM (4) Xilinx(8) - 0 0
Xilinx(8) ARM (4) - 1 8
Xilinx(8) Xilinx(8) ARM (4) 2 16
ARM (4) Xilinx(8) ARM(4) 0 0
ARM(4) Xilinx(8) ARM (4) 2 12
Xilinx(8) ARM (4) Xilinx(8) 1 8

Table 2.1: Example scan chain configurations

The target device is marked in blue.
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2.5 JTAG Speed

There are basically three types of speed settings:

e Fixed JTAG speed
e Automatic JTAG speed
e Adaptive clocking.

These are explained below.

2.5.1 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,
ARM966E]-S) can handle JTAG speeds up to 1/6 of the CPU speed.

JTAG speeds of more than 10 MHz are not recommended.

2.5.2 Automatic JTAG speed

Selects the maximum JTAG speed handled by the TAP controller.

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

2.5.3 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.

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.

J-Link / J-Trace User Guide © 1997 - 2007 SEGGER Microcontroller GmbH & Co. KG
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Chapter 3

J-Link and J-Trace related soft-
ware

This chapter describes Segger’s J-Link / J-Trace related software portfoliowhich cov-
ers nearly all phases of the development of embedded applications. The support of

the remote debug interface (RDI) and the J-Link GDBServer allows an easy J-Link
integration in all relevant toolchains.

J-Link / J-Trace User Guide © 1997 - 2007 SEGGER Microcontroller GmbH & Co. KG
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3.1 J-Link related software

3.1.1 J-Link software and documentation package

J-Link is shipped with a bundle of applications. Some of the applications require an
additional license, free trial licenses are available upon request from www.seg-

ger.com.
Software Description
JLinkARM.dII DLL for using J-Link / J-Trace with third-party programs.
. Free command-line tool with basic functionality for target anal-
JLink.exe .
ysis.
JLinkSTR91x Free command-line tool to configure the ST STR91x cores.
J-Link TCP/IP Free utility which provides the possibility to use J-Link / J-Trace
Server remotely via TCP/IP.
J-Mem memory Free target memory viewer. Shows the memory content of a
viewer running target and allows editing as well.
J-Flash Stand-alone flash programming application. Requires an addi-
tional license.
Provides Remote Debug Interface (RDI) support. Flash break-
RDI support with points provide the ability to set an unlimited number of soft-
Flash download and | ware breakpoints in flash memory areas. Flash download
Flash breakpoints. |allows an arbitrary debugger to write into flash memory. Each
additional feature requires an own additional license.
J-Link GDB Server The J-Link GDB Server is a remote server for the GNU Debug-
ger (GDB). Requires an additional license.

Table 3.1: J-Link / J-Trace related software

3.1.2 List of additional software packages

The software packages listed below are available upon request from www.seg-

ger.com.
Software Description
JITAGLoad Command line tool that opens an svf file and sends the data in

it via J-Link / J-Trace to the target.

J-Link Software
Developer Kit
(SDK)

The J-Link Software Developer Kit is needed if you want to
write your own program with J-Link / J-Trace.

J-Link Flash Soft-
ware Developer Kit
(SDK)

An enhanced version of the JLinkARM.DLL, which contains
additional API functions for flash programming.

Table 3.2: J-Link / J-Trace additional software packages
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3.2 J-Link software and documentation package in
detail

The J-Link / J-Trace software documentation packge is shipped together with J-Link /
J-Trace and may also be downloaded from www.segger.com.

3.2.1 J-Link Commander (Command line tool)

J-Link Commander (JLink.exe) is a tool that can be used for verifying proper instal-
lation of the USB driver and to verify the connection to the ARM chip, as well as for
simple analysis of the target system. It permits some simple commands, such as
memory dump, halt, step, go and ID-check, as well as some more in-depths analysis
of the state of the ARM core and the ICE breaker module.

ink ARM V3.58c =] E3

» compiled Jan 12 2887 12:54:35
J-Link compiled Dec 21 2886 16:23:41 ARM Rev.5
5.38

JTAG speed: 38 kH=z
Found 1 JTAG device,. Total IRLen = 4:
Id of device #8: Bx4F1FAFAF
Found ARM with core Id Bx4F1FBFBF (ARM?7>

ETH U1.2: 1 pairs of addr.comp, B Data comp. 4 Mem—map decoders,. 1 Counters
J-Link>

3.2.2 J-Link STR9 Commander (Command line tool)

J-Link Commander (JLinkSTR9x.exe) is a tool that can be used to configure STR91x
cores. It permits some STR9 specific commands like setting the flash configuration
register and erasing the flash. This tool can be used to erase the flash of the control-
ler even if a program is in flash which causes the ARM core to stall.

i Program Files\SEGGER\JLinkARM_¥374i\JLinkSTR91x.exe

SEGGER J-Link STR? commander. (‘?' for helpd

Compiled Sep 11 2887 14:43:13

{c>» 2887 SEGGER Microcontroller Systeme GmbH, www.segger.com
Solutions for real time microcontroller applications

Connecting to STR?: O.K.
J-Link>?

Available commands are:

Show configuration register content
Read memory

Syntax: mem <Addr>. <{NumBytes>

Erase sectors (OTP can not he erased>

Syntax: erase <lowerhits>, <{upperhits>

Zet the configuration register to bank x (B and 1 are availahlel
Sytax: seth {int>

Blank check all sectors
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CHAPTER 3

J-Link and J-Trace related software

3.2.3 J-Link TCP/IP Server (Remote J-Link / J-Trace use)

The J-Link TCP/IP Server allows using J-Link / J-Trace remotely via TCP/IP. This
enables you to connect to and fully use a J-Link / J-Trace from another computer.
Performance is just slightly (about 10%) lower than with direct USB connection.

e J-Link TCP/IP Server

IFP5Stat INu:ut cohnected

Thiz connection I

R

Total I

1SBEStat IN:::t connected

Status

IWaiting for client on port 13020,

3.2.4 J-Mem Memory Viewer

J-Mem displays memory contents of ARM-systems and allows modifications of RAM
and SFRs (Special Function Registers) while the target is running. This makes it pos-
sible to look into the memory of an ARM chip at run-time; RAM can be modified and
SFRs can be written. You can choose bewteen 8/16/32-bit size for read and write
accesses. J-Mem works nicely when modifying SFRs, especially because it writes the
SFR only after the complete value has been entered.

"'?" J-Mem

File Target Options Help

Address: IDxD l_x_2|x_4| Refresh |

[ [0 x]

I
AAAAAA] FE
AAAAAAZA | 58
AAAAAA3A | 48
AARERR4A | B8
AARAAASA | 2C
AARAAR6A | 24
AAAAAAT7A | FE
AAAAAASA | B0
AAREEA?A | BA
AEAEEEAE | 12
[
[
[
[
[
[
[
[
[
[

IBBBRREA | C1
IBBBBBCH | B1
IBBREADA | 81
IBBBRRED | B4
IBBBBBFA | BA

IBBBA1606 | B8
IBAAA1 88
IBAAA1 74
IBAAA1 an
IBBBB1408 | EE

FF
1]
an
1]
an
an
FF
F@
BS
a2
62
63
6E
21
48
a1
F@
an
E@
54

FF
9F
9F
Ap
9F
9F
FF
FF
1A
an
81
81
as
41
@B
38
FF
an
@B
FB

EA
E5
E5
E1
E5
E5
EA
FF
48
60
6E
6E
av
43
42
an
FF
an
68
D1

FE
58
D1
60
aF
18
FE
25
9F
18
42
as
FC
an
a1
44
6C
12
54
ac

FF
an
F@
an
ER
FF
FF
a1
21
42
av
av
D5
4A
60
FD
an
4/
68
31

FF
9F
21
48
Ap
2F
FF
an
[
a1
FC
FC
BE
ac
a1
FF
an
13
15
ac

EA
E5
E3
E2
E1
E1
EA
an
43
62
D5
D5
48
4B
BC
FF
an
48
68
32

5C
@aF
48
13
18
FE
an
68
1?
81
81
a1
BE
53
an
a1
78
78
an
81

av
ER
80
F@
FF
FF
an
an
4A
6E
6E
6B
42
58
47
a6
an
B4
2B
42

an
Ap
9F
21
2F
FF
21
an
an
Gc?
as
a3
a1
48
ca
an
an
81
a3
ac

EA
E1
E5
E3
E1
EA
an
an
60
av
av
22
68
ic
46
an
an
BA
Da
D2

?C
18
D2
an
24
FE
1
DD
1?
FC
FC
an
a1
iF
an
as
34
11
5B
53

fiddress [ B (1 (2 [3[4[5]6 (7?82 [aA[B[C|D[E[F[ASCIL
)IBBBBB66 (W6 BB B8 EA FE FF FF EA FE FF FF EA FE FF FF EA

av
FF
F@
Da
ER
FF
an
12
42
D5
D5
43
28
28
FC
i¢
F1
iC
1E

68 14 68 .T...1.2.B..

Connected

ARM core id: 3FOFOFOF

Speed: 4000 kHz -
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3.2.5 J-Flash ARM (Program flash memory via JTAG)

J-Flash ARM is a software running on Windows 2000, Windows XP, Windows 2003 or
Windows Vista systems and enables you to program your flash EEPROM devices via
the JTAG connector on your target system.

J-Flash ARM works with any ARM7/9 system and supports all common external
flashes, as well as the programming of internal flash of ARM microcontrollers. It
allows you to erase, fill, program, blank check, upload flash content, and view mem-
ory functions of the software with your flash devices.

J-Flash requires a additional license from Segger. Even without a license key you can
still use J-Flash ARM to open project files, read from connected devices, blank check
target memory, verify data files and so on. However, to actually program devices via
J-Flash ARM and J-Link / J-Trace you are required to obtain a license key from us.
Evaluation licenses are available free of charge. For further information go to our
website or contact us directly.

3J-Flash ARM [C:\Piogram Files\Segger\J-Flash ARM\Default.jflash]

Fle Edt View Taget Options Window Help

i ct - Default M[=] 3

Connection UsE

Init JTAG speed | 30
JTAG speed Auto

TAP number <not ugedy
IR len <not ugedy

Chip Generic ARM7/ARM3
Clock speed <don't carex

Endian Little

Check coreld | Mo

ARM core Id 0x0

Use target RaM | Mo

Fiah addiess | 0x00

i size 8KB

Use DCC mode | Yes

Manufacturer | no device selected
Device no device selected
Size no device selected
Flash Id no device selected
Base addiess | no device selected
QOrganization no device selected

ENTT M=

Application log started
- J-Flash ARM [J-Flash compiled Jul 4 2005 14:27:20]

- JLinkARM, dil (DL compiled Jun 30 2006 10,67.30)

Reading flash devics list [C:\Program FileshS eaaert-Flash ARMFlash csv]
- List of flash devices read successfuly (147 Devices)

Reading MCU devics list [C:\Program FileshS eqaert-Flash ARMIMCL.csv]
- List of MU devices read suecessfull (50 Deviees)

Open project fils [C-AProgram Files\Seager'J-Flash ARM\Default fash]

- Project opened

6

List of MCU devices read successfully (50 Devices) [Not connected |

‘\\,!_\\_I;

Features

Works with any ARM7/ARM9 chip

ARM microcontrollers (internal flash) supported

Most external flash chips can be programmed

High-speed programming: up to 200 Kbytes/second (depends on flash device)
Very high-speed blank check: Approximatelly 16 Mbytes/sec (depends on target)
Smart read-back: Only non-blank portions of flash transferred and saved

Easy to use, comes with projects for standard eval boards.
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3.2.6 J-Link RDI (Remote Debug Interface)

The J-Link RDI software is an remote debug interface for J-Link. It makes it possible
to use J-Link with any RDI compliant debugger. The main part of the software is an
RDI-compliant DLL, which needs to be selected in the debugger. There are two addi-
tional features available which build on the RDI software foundation. Each additional
features requires an RDI license in addition to its own license. Evaluation licenses are
available free of charge. For further information go to our website or contact us
directly.

Note: The RDI software (as well as flash breakpoints and flash downloads) do
not require a license if the target device is an LPC2xxx. In this case the software ver-
ifies that the target device is actually an LPC 2xxx.

3.2.6.1 Flash download

The J-Link RDI software contains a flash loader. On top of that, the flash download
software lets flash memory appear as RAM to a debugger. This enables you to use
any arbitrary debugger which normally only allows downloads into RAM to work with
flash memory as well. If a debugger splits the download image into several pieces,
the flash download software will collect the individual parts and perform the actual
flash programming right before program execution. This avoids repeated flash pro-
gramming.

The advantage you gain is the possibility to transparently use your toolchain of
choice—that may not contain a flash loader—with flash memory that can be pro-
grammed as if it were RAM.

3.2.6.2 Flash breakpoints

The J-Link RDI software contains an additional feature, called flash breakpoints
(short FlashBPs). This feature requires an additional license. It adds the ability to set
an unlimited number of software breakpoints in flash memory areas, rather than just
the 2 hardware breakpoints permitted by the ICE. 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.

How do breakpoints work?

ARM7 and ARM9 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 by replacing the instruction where the break-
point is set 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.

What is special about software breakpoints in flash?

FlashBPs allow 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, because 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
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.
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How does this work?

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

What performance can | expect?

A RAM code, 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.

How is this performance achieved?

We have put a lot of effort in making FlashBPs really usable and convenient. Flash
sectors are programmed only when necessary; this is usually the moment execution
of the target program is started. A lot of times, more than one breakpoint is located
in the same flash sector, which allows programming multiple breakpoints by pro-
gramming just a single sector. The contents of program memory are cached, avoiding
time consuming reading of the flash sectors. A smart combination of software and
hardware breakpoints allows us to use hardware breakpoints a lot of times, especially
when the debugger is source-level stepping, avoiding reprogramming of the flash in
these situations. A built-in instruction set simulator further reduces the number 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 available to
the application program, no memory is lost for debugging. All of the optimizations
described above can be disabled.
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3.2.7 J-Link GDB Server

GDB Server is a remote server for the GNU Debugger GDB. GDB and GDB Server
communicate via a TCP/IP connection, using the standard GDB remote serial proto-
col. The GDB Server translates the GDB monitor commands into J-Link commands.

,;,:'-,'E: J-Link GDB Server ¥3.34b = B
File Help
Debugger [Connested to 127.0.0.1 [| iniial TAG speed [30 < |kHz I Stayonton
¥ Log window
J-Link IEonnected |— Current JTAG speed IBD kHz ] [Lem e
Target IAHM?, Halted |— I 335 |— IBig endian j ¥ Cache reads
Log output: Llear log |

J-Link GDE Serwver V3.34b -
JLinkAFM. dl11l V3.34b (DLL compiled Jul 28 2006 17:00:20

Li=tening on TCP/IP port 2331

J-Link connected

Firmware: J-Link compiled Jun 30 Z00& 08:34:29 AFM Rew
J-Link found 1 JTAG dewvice, Total IRELen - 4
JTAG ID: O0Ox3FOFOFOF (ARMT7T)

Connected to 127.0.0.1
Feading all registers

JTAG speed ==t to 30 kH= =
| | E
4

|DKE downloaded [1JTAG device [

The GNU Project Debugger (GDB) is a freely available debugger, distributed under
the terms of the GPL. It connects to an emulator via a TCP/IP connection. It can con-
nect to every emulator for which a GDB Server software is available. The latest Unix
version of the GDB is freely available from the GNU commitee under:

http://www.gnu.org/software/gdb/download/

J-Link GDB Server is distributed as "free for evaluation and non commercial use". The
software can be used free of charge for educational and nonprofit purposes without
additional license. Without additional license, only 32 KBytes may be downloaded. To
download bigger programs or to use the software for other, especially commercial
purposes, a license is required. With such a license, the download size is not limited.

Free 30 days limited license are available upon request. For further information go to
our website or contact us directly.
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3.3 Additional software packages in detail

The packages described in this section are not available for download. If you wish to
use one of them, contact SEGGER Microcontroller Systeme directly.

3.3.1 JTAGLoad (Command line tool)

JTAGLoad is a tool that can be used to open an svf (Serial vector format) file. The
data in the file will be sent to the target via J-Link / J-Trace.

SEGGER JTAG Load
Compiled 13:33:56 on Dec 2 2885

Executing file [C:xJ_Trace.sufl...

3.3.2 J-Link Software Developer Kit (SDK)

The J-Link Software Developer Kit is needed if you want to write your own program
with J-Link / J-Trace. The J-Link DLL is a standard Windows DLL typically used from C
programs (Visual Basic or Delphi projects are also possible). It makes the entire
functionality of J-Link / J-Trace available through its exported functions, such as halt-
ing/stepping the ARM core, reading/writing CPU and ICE registers and reading/writ-
ing memory. Therefore it can be used in any kind of application accessing an ARM
core. The standard DLL does not have API functions for flash programming. However,
the functionality offered can be used to program flash. In this case, a flash loader is
required. The table below lists some of the included files and their respective pur-
pose.

Files Contents

Header files that must be included to use the DLL functions.
These files contain the defines, typedef names, and function dec-

GLOBAL.h
JLinkARMDLL.h

larations.
JLinkARM.1lib A Library that contains the exports of the JLink DLL.
JLinkARM.d11l The DLL itself.
Main.c Sample application, which calls some JLinkARM DLL functions.
JLink.dsp Project files of the sample application. Double click JLink.dsw to
JLink.dsw open the project.

JLinkARMDLL.pdf | Extensive documentation (API, sample projects etc.).
Table 3.3: J-Link SDK

3.3.3 J-Link Flash Software Developer Kit (SDK)

This is an enhanced version of the JLinkARM.DLL which contains additional API func-
tions for flash programming. The additional API  functions (prefixed
JLINKARM_FLASH_) allow erasing and programming of flash memory. This DLL comes
with a sample executable, as well as with source code of this executable and a
Microsoft Visual C/C++ project file. It can be an interesting option if you want to
write your own programs for production purposes.
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3.4 Using the J-LinkARM.dII
3.4.1 What is the JLinkARM.dII?

The J-LinkARM.dIl is a standard Windows DLL typically used from C or C++, but also
Visual Basic or Delphi projects. It makes the entire functionality of the J-Link / J-
Trace available through the exported functions.

The functionality includes things such as halting/stepping the ARM core, reading/
writing CPU and ICE registersm, and reading/writing memory. Therefore, it can be
used in any kind of application accessing an ARM core.

3.4.2 Updating the DLL in third-party programs

The JLinkARM.dIl can be used by any debugger that is designed to work with it. Some
debuggers, like the IAR C-SPY® debugger, are usually shipped with the JLinkARM.dlI
already installed. Anyhow it may make sense to replace the included DLL with the
latest one available, to take advantage of improvements in the newer version.

3.4.2.1 Updating the JLinkARM.dIl in the IAR Embedded Workbench

(EWARM)

The IAR Embedded Workbench IDE is a high-performance integrated development
environment with an editor, compiler, linker, debugger. The compiler generates very
efficient code and is widely used. It comes with the J-LinkaRM.d11 in the arm\bin
subdirectory of the installation directory. To update this DLL, you should backup your
original DLL and then replace it with the new one.

Typically, the DLL is located in C:\Program Files\IAR Systems\Embedded Work-
bench 4.0\arm\bin\.

After updating the DLL, it is recommended to verify that the new DLL is loaded as
described in Determining which DLL is used by a program on page 35.

3.4.3 Determining the version of JLinkARM.dlII

To determine which version of the JLinkARM.dll you are facing, the DLL version can
be viewed by right clicking the DLL in explorer, and choosing pProperties from the
context menu. Click the version tab to display information about the product ver-
sion.

jlinkarm.dll Properties 2=l
General Wersion | Security I Summary I
File wersion: ~ 3.0.4.0
Description:  SEGGER J-Link ARM interface DLL
Copyright: Copyright © 2004, 2005
r— Other version infarmation
Item name: Walue:
Company Mame 3.00d ;I

Intemal Mame
Language
Original Filename
Product Mame

Product Wersion

QK I Cancel | Apply |
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3.4.4 Determining which DLL is used by a program

To verify that the program you are working with is using the DLL you expect it to use,
you can investigate which DLLs are loaded by your program with tools like Sysinter-
nals’ Process Explorer. It shows you details about the DLLs, used by your program,
such as manufacturer and version.

8§ Process Explorer - Sysinternals: www.sysinternals.com 10l =|
File ©Options Yiew Process Find DLL  Help

BalrEEs3 & a6 INIINGE

Process | FID | CPU | Diescription | Compan... |
E = Spstem |dle Process 1] 93
T Interupts n'a Hardware Interupts
| DPC: n'a Defered Procedu...
=l System ]
= @. explorer. exe 1148 ‘Windows Explorer  Microgoft...
L procesp.exe 480 1 Syzinternals Proc...  Sysintern...
XlarldePM.exe 1460 |4F Embedded ... |AR Spst...
Mame ¢ | Diescription | Company Marne | ergion | -

SEGGER J-Link &4RM interface DLL

SEGGER Microcontr

indicdll. dil Kevboard Language Indicator Shell... Microzoft Corporation 5.00,2920.0000

Kemel.dl 1&F C-SPY Debugger Kemel 14F Spstems 4.06.0000. 0000
kemel32.dl Windows MT BASE APl Client DLL  Microsoft Corporation 5.00.2195.6688 |
locale.nls

Logfindowe. dil 18R Log ‘Window 14F Spstems 4.06.0000. 0000

lz32.dll LZ Expand/Compress APl DLL Microzoft Corporation h.00.2195.6611
MFCF.dll MFCOLL Shared Library - Retail Ve... Microzoft Corporation 7.10.3077.0000

mpr.dil Multiple Provider Router DLL Microzoft Corporation h.00.2195.6611 -
CPU Usage: 1% |C0mmit Charge: 12.24% |Pr0cesses: 34 | v

Process Explorer is - at the time of writing - a free utility which can be downloaded
from www.sysinternals.com.
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Chapter 4
Working with J-Link and J-Trace

This chapter describes functionality and how to use J-Link and J-Trace.
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4.1 Supported ARM Cores

J-Link / J-Trace has been tested with the following cores, but should work with any
ARM7/ARM9 and Cortex-M3 core. If you experience problems with a particular core,
do not hesitate to contact Segger.

ARM7TDMI (Rev 1)
ARM7TDMI (Rev 3)
ARM7TDMI-S (Rev 4)
ARM720T

ARM920T

ARM922T
ARM926EJ]-S
ARMO946E-S
ARM966E-S
Cortex-M3
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4.2 Reset strategies

J-Link / J-Trace 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 instruc-
tions.

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-
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.

4.2.1 Reset strategies in detail

4.2.1.1 Type 0: 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.

This reset strategy is typically used if nRESET and nTRST are coupled. If nRESET and
NnTRST are coupled, either on the board or the CPU itself, reset clears the breakpoint,
which means that the CPU can not be stopped after reset with the BP@O0 reset strat-

egy.
4.2.1.2 Type 1: 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 NRESET 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.

4.2.1.3 Type 2: Software, for Analog Devices ADuC7xxx MCUs

This reset strategy is a software strategy. The CPU is halted and performs a sequence
which causes a peripheral reset. The following sequence is executed:

e The CPU is halted

e A software reset sequence is downloaded to RAM
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 the recommended reset sequence for
Analog Devices ADuC7xxx MCUs and works with these chips only.
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4.2.1.4 Type 3: No reset

No reset is performed. Nothing happens.

4.2.1.5 Type 4: Hardware, halt with WP

The hardware RESET pin is used to reset the CPU. After reset release, J-Link continu-
ously tries to halt the CPU using a watchpoint. 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

4.2.1.6 Type 5: Hardware, halt with DBGRQ

The hardware RESET pin is used to reset the CPU. After reset release, J-Link continu-
ously tries to halt the CPU using the DBGRQ. 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.

4.2.1.7 Type 6: Software

This reset strategy is only a software reset. "Software reset" means basically no
reset, just changing the CPU registers such as PC and CPSR. This reset strategy sets
the CPU registers to their after-Reset values:

PC=0

CPSR = 0xD3 (Supervisor mode, ARM, IRQ / FIQ disabled)

All SPSR registers = 0x10

All other registers (which are unpredictable after reset) are set to 0.

The hardware RESET pin is not affected.

4.2.1.8 Type 7: Reserved

Reserved reset type.

4.2.1.9 Type 8: Software, for ATMEL AT91SAM7 MCUs

The reset pin of the device is per default disabled. This means that the reset strate-
gies which rely on the reset pin (low pulse on reset) do not work per default. For this
reason a special reset strategy has been made available.

It is recommended to use this reset strategy. This special reset strategy resets the
peripherals by writing to the RSTC_CR register. Resetting the peripherals puts all
peripherals in the defined reset state. This includes memory mapping register, which
means that after reset flash is mapped to address 0. It is also possible to achieve the
same effect by writing 0x4 to the RSTC_CR register located at address 0xfffffd00.
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4.3 Cache handling

Most ARM systems with external memory have at least one cache. Typically, ARM7
systems with external memory come with a unified cache, which is used for both
code and data. Most ARM9 systems with external memory come with separate caches
for the instruction bus (I-Cache) and data bus (D-Cache) due to the hardware archi-
tecture.

4.3.1 Cache coherency

When debugging or otherwise working with a system with processor with cache, it is
important to maintain the cache(s) and main memory coherent. This is easy in sys-
tems with a unified cache and becomes increasingly difficult in systems with hard-
ware architecture. A write buffer and a D-Cache configured in write back-mode can
further complicate the problem.

ARM 9 chips have no hardware to keep the caches coherent, so that this is the
responsibility of the software.

4.3.2 Cache clean area

J-Link / J-Trace handles cache cleaning directly through JTAG commands. Unlike
other emulators, it does not have to download code to the target system. This makes
setting up J-Link / J-Trace easier. Therefore, a cache clean area is not required.

4.3.3 Cache handling of ARM7 cores

Because ARM7 cores have a unified cache, there is no need to handle the caches dur-
ing debug.

4.3.4 Cache handling of ARM9 cores

ARM9 cores with cache require J-Link / J-Trace to handle the caches during debug. If
the processor enters debug state with caches enabled, J-Link / J-Trace does the fol-
lowing:

When entering debug state

J-Link / J-Trace performs the following:

e it stores the current write behavior for the D-Cache
e it selects write-through behavior for the D-Cache.

When leaving debug state

J-Link / J-Trace performs the following:

e it restores the stored write behavior for the D-Cache
e it invalidates the D-Cache.

Note: The implementation of the cache handling is different for different cores.
However, the cache is handled correctly for all supported ARM9 cores.
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4.4 Connecting multiple J-Links / J-Traces to your PC

You can connect up to 4 J-Links / J-Traces to your PC. In this case, all J-Links / J-
Traces must have different USB-addresses. The default USB-address is 0.

In order to do this, 3 J-Links / J-Traces must be configured as described below. Every
J-Link / J-Trace need its own J-Link USB driver which can be downloaded from
www.segger.com.

This feature is supported by J-Link Rev. 5.0 and up and by J-Trace.

4.4.1 How does it work?

USB devices are identified by the OS by their product id, vendor id and serial number.
The serial number reported by J-Links / ]J-Traces is always the same. The product id
depends on the configured USB-address.

e The vendor id (VID) representing SEGGER is always 1366
e The product id (PID) for J-Link / J-Trace #1 is 101
e The product id (PID) for J-Link / J-Trace #2 is 102 and so on.

A different PID means that J-Link / J-Trace is identified as a different device, requir-
ing a new driver.

The sketch below shows a host, running two application programs. Each application
communicates with one ARM core via a separate J-Link.

Application

Instance 1
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4.4.2 Configuring multiple J-Links / J-Traces

1. Start JLink.exe to view your hardware version. Your J-Link needs to be V5.0 or

up to continue. For J-Trace the Version does not matter.

2. Type usbaddr = 1 to set the J-Link / J-Trace #1.

| JLink.exe

SEGGER J-Link Commander UZ2.74.81. 7' for help.

Compiled 18:17:23 on Mov 25 2865,

DLL verszion UZ.74bh,. compiled Houv 25 2885 168:17:13
Firmuware: J-Link compiled Houv 17 208% 16:12:1% ARM Rev .5
Hardware: US.B0

SN

UTarget - @.BRGU

Speed set to

38 kHz

J-Link>ushaddr = 1

UEE address successfully changed to “1°.
Pleaze unplug the device,. then plug it back in.

J-Link>

3. Unplug J-Link / J-Trace and then plug it back in.
4. The system will recognize a new J-Link / J-Trace and will prompt for a driver.

% J-Link. 1 driver

Inztalling ...

Insert Disk

Pleaze inzert the Compact Dizc labeled \-Link
|nztallation Dizk' into pour CO-AOM dive [D:] and then

chck OF.

Y'ou can alzo click OF if vou want files o be copied
from an alternate location, such az a Hoppy disk or a
network, server.

Cancel |

5. Click ok and browse to the J-Link USB driver for your new J-Link / J-Trace. For
your second J-Link / J-Trace this would be JLink1.sys, for your third J-Link / J-
Trace this would be JLink2.sys.

Locate File EHE
Look jri | {3 JLink x| « &k E-

File hame: IJLink'I S j Open I

Files of type: [k T.spsfink.sy_ =l Cancel |
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PTER 4 Working with J-Link and J-Trace

4.4.3 Connecting to a J-Link / J-Trace with non default USB-

Address

Restart JLink.exe and type usb 1 to connect to J-Link / J-Trace #1.

SEGGER J-Link Commander U2.74.81.
Compiled 18:17:23 on MNov 25 2885.
iCan not connect to J-Link wia USB.
J-Link>ush 1

Connecting to J-Link via USB (Port: 1)

s

DLL version U2.74bh,. compiled Mov 25 2805 1@:17:13

Firmuware: J-Link compiled Nov 17 2885
Hardware: US.0A

SN =
UTarget = @.6088AU
Speed set to 38 kHz=
J-Link>

for help.

16:12:19 ARM Rev.5

You may connect other J-Links / J-Traces to your PC and connect to them as well. To

connect to an unconfigured J-Link /
JLink.exe Or type usb 0.

J-Link / J-Trace User Guide
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4.5 Multi-core debugging

J-Link / J-Trace is able to debug multiple cores on one target system connected to the
same scan chain. Configuring and using this feature is described in this section.

4.5.1 How multi-core debugging works

Multi-core debugging requires multiple debuggers or multiple instances of the same
debugger. Two or more debuggers can use the same J-Link / J-Trace simultaneously.
Configuring a debugger to work with a core in a multi-core environment does not
require special settings. All that is required is proper setup of the scan chain for each
debugger. This enables J-Link / J-Trace to debug more than one core on a target at
the same time.

The following figure shows a host, debugging two ARM cores with two instances of
the same debugger.

Debugger

Instance 1

Both debuggers share the same physical connection. The core to debug is selected
through the JTAG-settings as described below.
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4.5.2 Using multi-core debugging in detail

1. Connect your target to J-Link / J-Trace.

2. Start your debugger, for example IAR Embedded Workbench for ARM.

3. Choose Project|Options and configure your scan chain. The picture below
shows the configuration for the first ARM core on your target.

Options for node “BTL_AT91_¥430" |

Cateqony:

Factomn Settingz |

General Options

C/C++ Camnpiler Setyp  Connectian |
Agzembler — Communication
Custarm Build
Build Actions ¢ UsB
Linker  TCPAP Iaaa.l:nl:nl:-.n::n::n:.ddd
Debugger
Simulator —JTAG zzan chain
anoe v JTAG hait with multipl
IAR BOM-manitar d zcah chain with multiple targets
R
Macraigor [T Scan chain containg non-4Rk devices

ROI
Third-Party Diriver Freceeding bits; II:I

[ Log communication

I$TEIEILKIT_DIH$Hcsp}ICDmm.IDg J

] I Cancel |

4. Start debugging the first core.
5. Start another debugger, for example another instance of IAR Embedded Work-
bench for ARM.
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6. Choose project|Options and configure your second scan chain. The following
dialog box shows the configuration for the second ARM core on your target.

Options for node “BTL_AT91_¥430" |

Categary:

Factory Settings |

eneral Optionz

C/C++ Compiler

&R ROM-rnonitor
b acraigar

RO

Third-Party Driver

Setup  Connection I

Azsembler — Communication
Cuztom Build
Build Actions ' UsB
Link.er " TCPAP Iaaa.l:ul:ul:u.u:u:n:.ddd
Debugger
Simulator —JTAG zcan chain
Angel

v JTAG scan chain with multiple targets

TAP number: |1

[ Scan chain containg non-4Fk devices

Freceeding bits: II:I

[ Log communication

I$TEIEILKIT_DIF|$"-.::$|::_I,I::Dmm. log

N

o]

Cancel |

7. Start debugging your second core.
Example:
TAP number | TAP number
Core #1 Core #2 Core #3 debugger #1 | debugger #2
ARM7TDMI |ARM7TDMI-S|ARM7TDMI |0 1
ARM7TDMI | ARM7TDMI | ARM7TDMI 0 2
IA_I;M7TDM ARM7TDMI-S| ARM7TDMI-S| 1 2

Table 4.1: Multicore debugging

Cores to debug are marked in blue.
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4.5.3 Things you should be aware of

Multi-core debugging is more difficult than single-core debugging. You should be
aware of the pitfalls related to JTAG speed and resetting the target.

4.5.3.1 JTAG speed

Each core has its own maximum JTAG speed. The maximum JTAG speed of all cores
in the same chain is the minimum of the maximum JTAG speeds.

For example:
Core #1.: 2MHz maximum JTAG speed
Core #2: 4MHz maximum JTAG speed

Scan chain: 2MHz maximum JTAG speed

4.5.3.2 Resetting the target

All cores share the same RESET line. You should be aware that resetting one core
through the RESET line means resetting all cores which have their RESET pins con-
nected to the RESET line on the target.
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4.6 Multiple devices in the scan chain

J-Link / J-Trace can handle multiple devices in the scan chain. This applies to hard-
ware where multiple chips are connected to the same JTAG connector. As can be seen
in the following figure, the TCK and TMS lines of all JTAG device are connected, while
the TDI and TDO lines form a bus.

ol Cevice O 0o ol Cevice 1 DO
TCK TMS TRST
TOI Do
JTAG

Currently, up to 8 devices in the scan chain are supported. One or more of these
devices can be ARM cores; the other devices can be of any other type but need to
comply with the JTAG standard.

4.6.1 Configuration

The configuration of the scan chain depends on the application used. Read Scan chain
configuration on page 28 for further instructions and configuration examples.
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4.7 Using DCC for memory access

The ARM7/9 architecture requires cooperation of the CPU to access memory. This
means that memory can not normaly be accessed while the CPU is executing the
application program. The normal way to read or write memory is to halt the CPU (put
it in debug mode) before accessing memory. Even if the CPU is restarted after the
memory access, the real time behaviour is significantly affected; halting and restart-
ing the CPU costs typically multiple milliseconds. For this reason, most debuggers do
not even allow memory access if the CPU is running.

Fortunately, there is one other option: DCC (Direct communication channel) can be
used to communicate with the CPU while it is executing the application program. All
that is required is that the application program calls a DCC handler from time to
time. This DCC handler typically requires less than 1 ps per call.

The DCC handler, as well as the optional DCC abort handler, is part of the J-Link
software package and can be found in the "Samples\DCC\IAR" directory of the pack-
age.

4.7.1 What is required ?

e An application program on the host (typ. debugger) that uses DCC
e A target application program that regularily calls the DCC handler
e The supplied abort handler should be installed (optional)

An application program that uses DCC is JLink.exe.

4.7.2 Target DCC handler

The target DCC handler is a simple C-file taking care of the communication. The func-
tion pDcc_pProcess () needs to be called regularily from the application program or
from an interrupt handler. If a RTOS is used, a good place to call the DCC handler is
from the timer tick interrupt. In general, the more often the DCC handler is called,
the faster memory can be accessed. On most devices, it is also possible to let the
DCC generate an interrupt which can be used to call the DCC handler.

4.7.3 Target DCC abort handler

An optional DCC abort handler (a simple assembly file) can be included in the appli-
cation. The DCC abort handler allows data aborts caused by memory reads/writes via
DCC to be handled gracefully. If the data abort has been caused by the DCC commu-
nication, it returns to the instruction right after the one causing the abort, allowing
the application program to continue to run. In addition to that, it allows the host to
detect if a data abort occurred.

In order to use the DCC abort handler, 3 things need to be done:

e Place a branch to bcc_abort at address 0x10 ("vector" used for data aborts)

e Initialize the Abort-mode stack pointer to an area of at least 8 bytes of stack
memory required by the handler

e Add the DCC abort handler assembly file to the application
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4.7.4 Testing DCC memory access

To test if your target system properly calls the DCC handler you can use JLink.exe.
The output should be similar to the below:

SEGGER J-Link Commander V3.38c ('?' for help)

Compiled Aug 18 2006 18:48:43

DLL version V3.38c, compiled Aug 18 2006 18:48:40 -- Debug --

Firmware: J-Link compiled Aug 14 2006 14:58:04 ARM Rev.5

Hardware: V5.40

S/N : 1

VTarget = 3.306V

Speed set to 30 kHz

Found 1 JTAG device, Total IRLen = 4:

Id of device #0: O0x3FOFOFOF

Found ARM with core Id 0x3FOFOFOF (ARM7)

J-Link>mem 0,40

Reading memory using DCC...

00000000 OF 00 00 EA FE FF FF EA FE FF FF EA FE FF FF EA

00000010 = FE FF FF EA FE FF FF EA 1C 00 00 EA 00 90 A0 E1

00000020 = 04 01 98 E5 D3 FO 21 E3 OE 50 2D E9 OF EO A0 E1

00000030 = 10 FF 2F E1 OE 50 BD E8 D1 FO 21 E3 09 00 A0 E1

J-Link>h

PC: (R15) = 000002EA, CPSR = 80000033 (SVC mode, THUMB)

RO = 00005BB4, R1 = 0000BBB2, R2 = FFFFD000O, R3 = 000003BS8

R4 = FFFFF430, R5 = 00000001, R6 = 00000002, R7 = 00000000

USR: R8 =00000000, R9 =00000000, R10=00000000, R11 =00000000, R12 =00000000
R13=00000000, R14=00000000

FIQ: R8 =FFFFF000, R9 =00000000, R10=00000000, R11 =00000000, R12 =00000000
R13=00000000, R14=00000000, SPSR=00000010

SVC: R13=00003F8C, R14=000002DF, SPSR=00000010

ABT: R13=00000000, R14=00000000, SPSR=00000010

IRQ: R13=00004000, R14=00000000, SPSR=00000010

UND: R13=00000000, R14=00000000, SPSR=00000010

J-Link>mem 0,40

00000000 = OF 00 00 EA FE FF FF EA FE FF FF EA FE FF FF EA

00000010 = FE FF FF EA FE FF FF EA 1C 00 00 EA 00 90 A0 E1

00000020 = 04 01 98 E5 D3 FO 21 E3 OE 50 2D E9 OF EO A0 E1

00000030 = 10 FF 2F E1 OE 50 BD E8 D1 FO 21 E3 09 00 A0 E1
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CHAPTER 4 Working with J-Link and J-Trace

4.8 Command strings

The behaviour of the J-Link can be customized via command strings passed to the
JLinkARM.d1l1l which controls J-Link. Applications such as the J-Link Commander, but
also the C-SPY debugger which is part of the IAR Embedded Workbench, allow pass-

ing one or more command strings. Command line strings can be used for passing

commands to J-Link (such as switching on target power supply), as well as customize
the behaviour (by defining memory regions and other things) of J-Link. The use of
command strings enables options which can not be set with the configuration dialog

box provided by C-SPY.

4.8.1 List of available commands

The table below lists and describes the available command strings.

Command

Description

map exclude

Ignore all memory accesses to specified area.

map indirectread

Specifies an area which should be read indirect.

map ram

Specifies location of target RAM.

map reset

Restores the default mapping, which means all memory
accesses are permitted.

SetAllowSimulation

Enable/Disable instruction set simulation.

SetCheckModeAfterRead

Enable/Disable CPSR check after read operations.

SetResetPulseLen Defines the length of the RESET pulse in milliseconds.
SetResetType Selects the reset strategy

Activates/Deactivates power supply over pin 19 of the
SupplyPower JTAG connector.
SupplyPowerDefault Activates/Deactivates power supply over pin 19 of the

JTAG connector permanently.

Table 4.2: Available command line options
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4.8.1.1 map exclude

This command excludes a specified memory region from all memory accesses. All
subsequent memory accesses to this memory region are ignored.

Typical applications

Some devices do not allow access of the entire 4GB memory area. Ideally, the entire
memory can be accessed; if a memory access fails, the CPU reports this by switching
to abort mode. The CPU memory interface allows halting the CPU via a WAIT signal.
On some devices, the WAIT signal stays active when accessing certain unused mem-
ory areas. This halts the CPU indefinetly (until RESET) and will therefore end the
debug session. This is exactly what happens when accessing critical memory areas.
Critical memory areas should not be present in a device; they are typically a hard-
ware design problem. Nevertheless, critical memory areas exist on some devices.

To avoid stalling the debug session, a critical memory area can be excluded from
access: J-Link will not try to read or write to critical memory areas and instead
ignore the access silently. Some debuggers (such as IAR C-SPY) can try to access
memory in such areas by dereferencing non-initialized pointers even if the debugged
program (the debuggee) is working perfectly. In situations like this, defining critical
memory areas is a good solution.

Syntax
map exclude <SAddr>-<EAddr>
Example

map exclude

4.8.1.2 map indirectread

This command can be used to read a memory area indirectly. Indirectly reading
means that a small code snippet is downloaded into RAM of the target device, which
reads and transfers the data of the specified memory area to the host. Before map
indirectread can be called a RAM area for the indirectly read code snippet has to be
defined. Use therefor the map ram command and define a RAM area with a size of >=
256 byte.

Typical applications

Refer to chapter Fast GPIO bug on page 70 for an example.
Syntax

map indirectread <StartAddressOfArea>-<EndAddress>
Example

map indirectread 0x3fffc000-0x3fffcfff

4.8.1.3 map ram

This command should be used to define an area in RAM of the target device. The area
must be 256-byte aligned. The data which was located in the defined area will not be
corrupted. Data which resides in the defined RAM area is saved and will be restored if
necessary. This command has to be executed before map indirectread will be
called.

Typical applications
Refer to chapter Fast GPIO bug on page 70 for an example.
Syntax

map ram <StartAddressOfArea>-<EndAddressOfArea>
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Example

map ram 0x40000000-0x40003fff;

4.8.1.4 map reset

This command restores the default memory mapping, which means all memory
accesses are permitted.

Typical applications

Used with other "map" commands to return to the default values. The map reset
command should be called before any other "map" command is called.

Syntax
map reset
Example

map reset

4.8.1.5 SetAllowSimulation

This command can be used to enable or disable the instruction set simulation. By
default the instruction set simulation is enabled.

Syntax

Enable simulation: SetAllowSimulation 1
Disable simulation: setAllowSimulation 0

Example

SetAllowSimulation 1

4.8.1.6 SetCheckModeAfterRead

This command is used to enable or disable the verification of the CPSR (current pro-
cessor status register) after each read operation. By default this check is enabled.
However this can cause problems with some CPUs (e.g. if invalid CPSR values are
returned). Please note that if this check is turned off (SetCheckModeAfterRead = 0),
the success of read operations cannot be verified anymore and possible data aborts
are not recognized.

Typical applications

This verification of the CPSR can cause problems with some CPUs (e.qg. if invalid CPSR
values are returned). Note that if this check is turned off (SetCheckModeAfterRead =
0), the success of read operations cannot be verified anymore and possible data
aborts are not recognized.

Syntax
Disable CPSR verification: SetCheckModeAfterRead = 0
Enable CPSR verification: SetCheckModeAfterRead = 1

Example

SetCheckModeAfterRead = 0

4.8.1.7 SetResetPulselen

This command defines the length of the RESET pulse in milliseconds. The default for
the RESET pulse length is 20 milliseconds.

Syntax

SetResetPulselLen = <value>
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Example

SetResetPulselLen = 50

4.8.1.8 SetResetType
This command changes the reset strategy.
Typical applications

Refer to chapter Reset strategies on page 47 for additional informations about the
different reset strategies.

Value Description
0 Hardware, halt after reset (normal).
1 Hardware, halt with BP@O.
2 Software, for Analog Devices ADuC7xxx MCUs.

Table 4.3: List of possible value for command SetResetType

Syntax
SetResetType = <value>

Example
SetResetType = 0
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4.8.1.9 SupplyPower

This command activates power supply over pin 19 of the JTAG connector. The KS
(Kickstart) versions of J-Link have the V5 supply over pin 19 activated by default.

Typical applications

This feature is useful for some eval boards that can be powered over the JTAG con-
nector.

Syntax

Enable power supply: SupplyPower = 1
Disable power supply: SupplyPower = 0

Example

SupplyPower = 1

4.8.1.10 SupplyPowerDefault

This command activates power supply over pin 19 of the JTAG connector perma-
nently. The KS (Kickstart) versions of J-Link have the V5 supply over pin 19 acti-
vated by default.

Typical applications

This feature is usefull for some eval boards that can be powered over the JTAG con-
nector.

Syntax

Enable power supply permanently: SupplyPowerDefault = 1
Disable power supply permanently: SsupplyPowerDefault = 0

Example

SupplyPowerDefault = 1
4.8.2 Using command strings

4.8.2.1 J-Link Commander

The J-Link command strings can be testet with the J-Link Commander. Use the coma-
mand exec supplemented by one of the command strings.

3 J-Link ARM V3.58c M=l &3

SEGGER J-Link Commander U3.58c <’'7’ for help>

Compiled Jan 12 2887 12:54:38

DLL version U3.58c. compiled Jan 12 2887 12:54:35

Firmware: J-Link compiled Febh B89 2887 19:59:46 ARM Rev.S
38

JTAG speed: 38 kH=z
Found 1 JTAG device,. Total IRLen = 4:

Id of device #8: Bx4F1FAFAF
Found ARM with core Id Bx4F1FBFBF (ARM?7>
J-Link>exec map reset
g—k@nhgexec map exclude Bx1B8BBEEE—-B:3FFFFFFF
—Link>_

Example
exec SupplyPower = 1
exec map reset

exec map exclude 0x10000000-0x3FFFFFFF
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4.8.2.2 |IAR Embedded Workbench

The J-Link command strings can be supplied using the C-SPY debugger of the IAR
Embedded Workbench. Open the Project options dialog box and select Debugger.

Options for node "Project™ [ %]
Category: Factory Settings |
General Options

C/C++ Compiler Setup | Downloadl Extra Dptionsl F'Iuginsl
Azzembler
Custom Build Diriver [+ Bun to
Build &ctions i -
J-LinkA)-T A
Linker I inl race J |ma|n
i Debugger
Simulator — Setup macro:
Angel Sy
4R FOM-maritar I~ Use macro file
J-Linkd)-Trace
LI FTDI I J
Macraigor — Device description file
RDI .
ThirdParty Driver [ Dvenide default
I$TDDLKIT_DIF|$\EDNFIG\i0Ipc23?8.ddf J
’TI Cancel |

On the Extra Options page, select Use command line options. Enter --
jlink_exec_command "<CommandLineOption>" in the textfield, as shown in the

screenshot below. If more than one command should be used separate the com-
mands with semicolon.

Options for node "Project™ [ %]

Category:

Factory Settings |

General Options
C/C++ Compiler Setup I Download — Extra Options | F'Iuginsl
Azzembler
Cusztomn Build
Ei:lLd:ctlons LCommand line options: [one per line)

-flink_exec_command "map ram 0x40000000-0=40003; map indire;l

Simulator

Angel

14R R OM-monitor

J-Linkd)-Trace

LI FTDI

M acraigor

RDI

Third-Party Driver

|

(] 3 | Cancel |
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4.9 Switching off CPU clock during debug

We recommend not to switch off CPU clock during debug. However, if you do, you
should consider the following:

Non-synthesizable cores (ARM7TDMI, ARM9TDMI, ARM920, etc.)

With these cores, the TAP controller uses the clock signal provided by the emulator,
which means the TAP controller and ICE-Breaker continue to be accessible even if the
CPU has no clock.

Therefore, switching off CPU clock during debug is normally possible if the CPU clock
is periodically (typically using a regular timer interrupt) switched on every few ms for
at least a few us. In this case, the CPU will stop at the first instruction in the ISR
(typically at address 0x18).

Synthesizable cores (ARM7TDMI-S, ARM9E-S, etc.)

With these cores, the clock input of the TAP controller is connected to the output of a
three-stage synchronizer, which is fed by clock signal provided by the emulator,
which means that the TAP controller and ICE-Breaker are not accessible if the CPU
has no clock.

If the RTCK signal is provided, adaptive clocking function can be used to synchronize
the JTAG clock (provided by the emulator) to the processor clock. This way, the JTAG
clock is stopped if the CPU clock is switched off.

If adaptive clocking is used, switching off CPU clock during debug is normally possi-
ble if the CPU clock is periodically (typically using a regular timer interrupt) switched
on every few ms for at least a few us. In this case, the CPU will stop at the first
instruction in the ISR (typically at address 0x18).
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Chapter 5

Device specifics

This chapter gives some additional information about specific devices.
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5.1 Analog Devices
5.1.1 ADuC7xxx

5.1.1.1 Software reset

A special reset strategy has been made available for Analog Devices ADuC7xxx
MCUs. This special reset strategy is a software reset. "Software reset" means basi-
cally no reset, just changing the CPU registers such as PC and CPSR.

The software reset for Analog Devices ADuC7xxxx executes the following sequence:

e The CPU is halted

e A software reset sequence is downloaded to RAM

e A breakpoint at address 0 is set

e The software reset sequence is executed.

It is recommended to use this reset strategy. This sequence performs a reset of CPU
and peripherals and halts the CPU before executing instructions of the user program.
It is the recommended reset sequence for Analog Devices ADuC7xxx MCUs and works
with these devices only.

This information is applicable to the following devices:

Analog ADuC7020x62
Analog ADuC7021x32
Analog ADuC7021x62
Analog ADuC7022x32
Analog ADuC7022x62
Analog ADuC7024x62
Analog ADuC7025x32
Analog ADuC7025x62
Analog ADuC7026x62
Analog ADuC7027x62
Analog ADuC7030
Analog ADuC7031
Analog ADuC7032
Analog ADuC7033
Analog ADuC7128
Analog ADuC7129
Analog ADuC7229x126
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5.2 ATMEL

5.2.1 AT91SAM7
5.2.1.1 Reset strategy

The reset pin of the device is per default disabled. This means that the reset strate-
gies which rely on the reset pin (low pulse on reset) do not work per default. For this
reason a special reset strategy has been made available.

It is recommended to use this reset strategy. This special reset strategy resets the
peripherals by writing to the RSTC_CR register. Reseting the peripherals puts all
peripherals in the defined reset state. This includes memory mapping register, which
means that after reset flash is mapped to address 0. It is also possible to achieve the
same effect by writing 0x4 to the RSTC_CR register located at address 0xfffffd00.

This information is applicable to the following devices:

AT91SAM7S (all devices)
AT91SAM7SE (all devices)
AT91SAM7X (all devices)
AT91SAM7XC (all devices)
AT91SAM7A (all devices)

5.2.1.2 Memory mapping

Either flash or RAM can be mapped to address 0. After reset flash is mapped to
address 0. In order to map RAM to address 0, a 1 can be written to the RSTC_CR reg-
ister. Unfortunately, this remap register is a toggle register, which switches between
RAM and flash with every time bit zero is written.

In order to achieve a defined mapping, there are two options:

1. Use the software reset described above.
2. Test if RAM is located at 0 using multiple read/write operations and testing the
results.

Clearly 1. is the easiest solution and is recommended.

This information is applicable to the following devices:

AT91SAM7S (all devices)
AT91SAM7SE (all devices)
AT91SAM7X (all devices)
AT91SAM7XC (all devices)
AT91SAM7A (all devices)

5.2.2 AT91SAM9

These devices are based on ARM926EJ-S core. All devices of this family are sup-
ported by J-Link.

5.2.2.1 JTAG settings

We recommend using adaptive clocking.

This information is applicable to the following devices:

AT91RM9200

AT91SAM9260
AT91SAM9261
AT91SAM9262
AT91SAM9263
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5.3 NXP

5.3.1 LPC
5.3.1.1 Fast GPIO bug

The values of the fast GPIO registers can not be read direct via JTAG from a debug-
ger. The direct access to the registers corrupts the returned values. This means that
the values in the fast GPIO registers normally can not be checked or changed from a
debugger.

Solution / Workaround

J-Link supports command strings which can be used to read a memory area indirect.
Indirectly reading means that a small code snippet will be written into RAM of the
target device, which reads and transfers the data of the specified memory area to the
debugger. Indirectly reading solves the fast GPIO problem, because only direct regis-
ter access corrupts the register contents.

Define a 256 byte aligned area in RAM of the LPC target device with the J-Link com-
mand map ram and define afterwards the memory area which should be read indirect
with the command map indirectread to use the indirectly reading feature of J-Link.
Note that the data in the defined RAM area is saved and will be restored after using
the RAM area.

This information is applicable to the following devices:

LPC2101

LPC2102

LPC2103

LPC213x/01

LPC214x (all devices)
LPC236x (all devices)

Example

J-Link commands line options can be used for example with the C-Spy debugger of
the IAR Embedded Workbench. Open the Project options dialog and select Debug-
ger. Select Use command line options in the Extra Options tap and enter in the
textfield --j1ink_exec_command "map ram 0x40000000-0x40003fff; map indirec-
tread 0x3fffc000-0x3fffcfff" as shown in the screenshot below.

Options for node "Project™ [ %]
Category: Factory Settings |
General Options :

C/C++ Compiler Setup I Download — Extra Options | F'Iuginsl

Azzembler
Cusztomn Build
Build &ctions
Linker
Debuager ~jlink_exec_command “map ram 0x40000000-0<400036; map indire;l

Simulator

Angel

14R R OM-monitor

J-Linkd)-Trace

LI FTDI

M acraigor

RDI

Third-Party Driver

LCommand line options: [one per line)

|

(] 3 | Cancel |
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With these additional commands are the values of the fast GPIO registers in the C-
Spy debugger correct and can be used for debugging. For more information about J-
Link command line options refer to subchapter Command strings on page 60.

5.4 ST Microelectronics
541 STR 71x

These devices are ARM7TDMI based.
All devices of this family are supported by J-Link.

5.4.2 STR 73x

These devices are ARM7TDMI based.
All devices of this family are supported by J-Link.

5.4.3 STR 75x

These devices are ARM7TDMI-S based.
All devices of this family are supported by J-Link.

5.4.4 STR91x

These device are ARM966E-S based.
All devices of this family are supported by J-Link.

5.4.4.1 Flash erasing

The devices have 3 TAP controllers built-in. When starting J-Link exe, it reports 3
JTAG devices. A special tool, J-Link STR9 Commander is available to directly access
the flash controller of the device. This tool can be used to erase the flash of the con-
troller even if a program is in flash which causes the ARM core to stall.

5.4.5 STM32

These device are Cortex-M3 based.
All devices of this family are supported by J-Link.

5.5 Texas Instruments
5.5.1 TMS470

All devices of this family are supported by J-Link.
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Chapter 6

Hardware

This chapter gives an overview about J-Link / J-Trace specific hardware details, such
as the pinouts and available adapters.
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CHAPTER 6 Hardware

6.1 JTAG Connector

J-Link and J-Trace have a JTAG connector compati-

ble to ARM’s Multi-ICE. The JTAG connector is a 20 VTref 1e 2 |Vsupply
way Insulation Displacement Connector (IDC) keyed bt Il D
box header (2.54mm male) that mates with IDC ™S 78 ©8|GND
sockets mounted on a ribbon cable. TCK [ 9 e 10/ GND
RTCK 11 e ® 12| GND
TDO 13 @ ® 14| GND
6_1 _1 Pinout RESET 15 e 16/ GND

The following table lists the J-Link / J-Trace JTAG

pinout.

DBGRQ |17 ® e 18 GND
V5-Supply [19 ® @ 20| GND

PIN

SIGNAL

TYPE

Description

VTref

Input

This is the target reference voltage. It is used to check if the
target has power, to create the logic-level reference for the
input comparators and to control the output logic levels to the
target. It is normally fed from Vdd of the target board and
must not have a series resistor.

Vsupply

NC

This pin is not connected in J-Link. It is reserved for compati-
bility with other equipment. Connect to Vdd or leave open in
target system.

NTRST

Out-
put

JTAG Reset. Output from J-Link to the Reset signal of the tar-
get JTAG port. Typically connected to nTRST of the target CPU.
This pin is normally pulled HIGH on the target to avoid unin-
tentional resets when there is no connection.

TDI

Out-
put

JTAG data input of target CPU.- It is recommended that this
pin is pulled to a defined state on the target board. Typically
connected to TDI of target CPU.

TMS

Out-
put

JTAG mode set input of target CPU. This pin should be pulled
up on the target. Typically connected to TMS of target CPU.

TCK

Out-
put

JTAG clock signal to target CPU. It is recommended that this
pin is pulled to a defined state of the target board. Typically
connected to TCK of target CPU.

11

RTCK

Input

Return test clock signal from the target. Some targets must
synchronize the JTAG inputs to internal clocks. To assist in
meeting this requirement, you can use a returned, and
retimed, TCK to dynamically control the TCK rate. J-Link sup-
ports adaptive clocking, which waits for TCK changes to be
echoed correctly before making further changes. Connect to
RTCK if available, otherwise to GND.

13

TDO

Input

JTAG data output from target CPU. Typically connected to TDO
of target CPU.

15

RESET

I/0

Target CPU reset signal. Typically connected to the RESET pin
of the target CPU, which is typically called "nRST", "nRESET"
or "RESET".

17

DBGRQ

NC

This pin is not connected in J-Link. It is reserved for compati-
bility with other equipment to be used as a debug request sig-
nal to the target system. Typically connected to DBGRQ if
available, otherwise left open.

19

5V-Sup-
ply

Out-
put

This pin is used to supply power to some eval boards. Not all J-
Links supply power on this pin, only the KS (Kickstart) ver-
sions. Typically left open on target hardware.

Table 6.1: J-Link / J-Trace pinout

Pins 4, 6, 8, 10, 12, 14, 16, 18, 20 are GND pins connected to GND in J-Link. They
should also be connected to GND in the target system.
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6.1.2 Target board design for JTAG

We strongly advise following the recommendations given by the chip manufacturer.
These recommendations are normally in line with the recommendations given in the
table Pinout on page 74. In case of doubt you should follow the recommendations
given by the semiconductor manufacturer.

6.1.2.1 Pull-up/pull-down resistors

Unless otherwise specified by developer’s manual, pull-ups/pull-downs are recom-
mended to be between 2.2 kOhms and 47 kOhmes.
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6.2

CHAPTER 6 Hardware

Using the JTAG connector with SWD

The J-Link and J-Trace JTAG is also compatible to

ARM'’s Serial Wire Debug (SWD). VTref Le 2 Vsupply

6.2.1

Pin Out

The following table lists the J-Link / J-Trace SWD

Not used 3e 4 |GND
Not used S5e ® 6 | GND
SWDIO 7e 8 | GND
SWCLK 9e e 10/GND
Not used [11 L] ® 12| GND
SwWo 13 ¢ ® 14/ GND
RESET 15 e ® 16| GND
Not used 17 ® ® 18| GND
V5-Supply |19 ® @ 20| GND

pinout.
PIN | SIGNAL | TYPE Description
This is the target reference voltage. It is used to check if the
target has power, to create the logic-level reference for the
1 |VTref Input | input comparators and to control the output logic levels to the
target. It is normally fed from Vdd of the target board and
must not have a series resistor.
This pin is not connected in J-Link. It is reserved for compati-
2 | Vsupply | NC bility with other equipment. Connect to Vdd or leave open in
target system.
Not This pin is not used by J-Link. If the device may also be
3 Used NC accessed via JTAG, this pin may be connected to nTRST, oth-
erwise leave open.
Not This pin is not used by J-Link. If the device may also be
5 used NC accessed via JTAG, this pin may be connected to TDI, other-
wise leave open.
7 |SWDIO |I/O Single bi-directional data pin.
Out- Clock signal to target CPU.
9 |SWCLK put It is recommended that this pin is pulled to a defined state of
the target board. Typically connected to TCK of target CPU.
This pin is not used by J-Link. This pin is not used by J-Link
11 Not NC when operating in SWD mode. If the device may also be
used accessed via JTAG, this pin may be connected to RTCK, other-
wise leave open.
13 |swo Out- | Serial Wire Output trace port. (Optional, not required for SWD
put communication.)
Target CPU reset signal. Typically connected to the RESET pin
15 |RESET |I/O of the target CPU, which is typically called "nRST", "nRESET"
or "RESET".
17 Not NC This pin is not connected in J-Link.
used
5V-Sup- | Out- This pin is used to supply power to some eval boards. Not all J-
19 | ut Links supply power on this pin, only the KS (Kickstart) ver-
Pty P sions. Typically left open on target hardware.

Table 6.2: J-Link / J-Trace SWD pinout

Pins 4, 6, 8, 10, 12, 14, 16, 18, 20 are GND pins connected to GND in J-Link. They
should also be connected to GND in the target system.

J-Link / J-Trace User Guide

© 1997 - 2007 SEGGER Microcontroller GmbH & Co. KG




77

6.3 JTAG+Trace connector

J-Trace provides a JTAG+Trace connector. This connector is a 38-pin mictor plug. It
connects to the target via a 1-1 cable.

The connector on the target board should be "TYCO type 5767054-1" or a compatible
receptacle. J-Trace supports 4, 8, and 16-bit data port widths with the high density

target connector described below.

Target board trace connector

Pin 1
chamfer

J-Trace can capture the state of signals PIPESTAT[2:0], TRACESYNC and
TRACEPKT[n:0] at each rising edge of each TRACECLK or on each alternate rising or

falling edge.

6.3.1 Connecting the target board

J-Trace connects to the target board via a 38-pin trace cable. This cable has a recep-

tacle on the one side, and a plug on the other side. Alternatively J-Trace can be con-

nected with a 14-pin JTAG cable.

Warning: Never connect trace cable and JTAG cable at the same time because
this may harm your J-Trace and/or your target.

\ y

-
=
Y
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o
0
Y
=
®
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6.3.2 Pinout

The following table lists the JTAG+Trace connector pinout. It is compatible with the
"Trace Port Physical Interface" described in [ETM], 8.2.2 "Single target connector

CHAPTER 6 Hardware

pinout".
PIN SIGNAL Description
1 NC No connect.
2 NC No connect.
3 NC No connect.
4 NC No connect.
5 GND Signal ground.
6 | TRACECLK Clocks trace data on rising edge or both edges.
7 DBGRQ Debug request.
8 DBGACK Debug acknowledge from the test chip, high when in
debug state.
9 RESET Open-collector output from the run control to the target
system reset.
10 | EXTTRIG Optional external trigger signal to the Embedded trace
Macrocell (ETM).
11 | TDO Test data output from target JTAG port.
12 | VTRef Signal level reference.
13 |RTCK Return test clock from the target JTAG port.
14 | VSupply Supply voltage.
15 | TCK Test clock to the run control unit from the JTAG port.
16 |Trace signal 12 Trace signal.
17 | TMS Test mode select from run control to the JTAG port.
18 |Trace signal 11 Trace signal.
19 |TDI Test data input from run control to the JTAG port.
20 | Trace signal 10 Trace signal.
21 | nTRST Active-low JTAG reset
22 | Trace signal 9 Trace signal.
23 | Trace signal 20 Trace signal.
24 | Trace signal 8 Trace signal.
25 | Trace signal 19 Trace signal.
26 | Trace signal 7 Trace signal.
27 | Trace signal 18 Trace signal.
28 |Trace signal 6 Trace signal.
29 |Trace signal 17 Trace signal.
30 |Trace signal 5 Trace signal.
31 |Trace signal 16 Trace signal.
32 |Trace signal 4 Trace signal.
33 |Trace signal 15 Trace signal.
34 | Trace signal 3 Trace signal.
35 |Trace signal 14 Trace signal.
36 |Trace signal 2 Trace signal.
37 |Trace signal 13 Trace signal.
38 |Trace signal 1 Trace signal.

Table 6.3: JTAG+Trace connector pinout
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The following table show different names for the trace signals depending on the ETM

architecture version.

6.3.3 Assignment of trace information pins between ETM

79

Trace signal ETMv1 ETMv2 ETMv3
Trace signal 1 PIPESTAT[O] PIPESTAT[O] TRACEDATA[O0]
Trace signal 2 PIPESTAT[1] PIPESTAT[1] TRACECTL
Trace signal 3 PIPESTAT[2] PIPESTAT[2] Logic 1
Trace signal 4 TRACESYNC PIPESTAT[3] Logic O
Trace signal 5 TRACEPKT[O0] TRACEPKT[O0] Logic O
Trace signal 6 TRACEPKT[1] TRACEPKTI[1] TRACEDATA[1]
Trace signal 7 TRACEPKT[2] TRACEPKT[2] TRACEDATA[2]
Trace signal 8 TRACEPKT[3] TRACEPKT[3] TRACEDATA[3]
Trace signal 9 TRACEPKT[4] TRACEPKT[4] TRACEDATA[4]
Trace signal 10 TRACEPKT[5] TRACEPKT[5] TRACEDATA[5]
Trace signal 11 TRACEPKT[6] TRACEPKT[6] TRACEDATA[6]
Trace signal 12 TRACEPKTI[7] TRACEPKTI[7] TRACEDATA[7]
Trace signal 13 TRACEPKT[8] TRACEPKT[8] TRACEDATA[8]
Trace sighal 14 TRACEPKT[9] TRACEPKT[9] TRACEDATA[9]
Trace signal 15 TRACEPKT[10] TRACEPKT[10] TRACEDATA[10]
Trace sighal 16 TRACEPKT[11] TRACEPKT[11] TRACEDATA[11]
Trace signal 17 TRACEPKT[12] TRACEPKT[12] TRACEDATA[12]
Trace signal 18 TRACEPKT[13] TRACEPKT[13] TRACEDATA[13]
Trace signal 19 TRACEPKT[14] TRACEPKT[14] TRACEDATA[14]
Trace signal 20 TRACEPKT[15] TRACEPKT[15] TRACEDATA[15]

Table 6.4: Assignment of trace information pins between ETM architecture versions

6.3.4 Trace signals
Data transfer is synchronized by TRACECLK.

6.3.4.1 Signal levels
The maximum capacitance presented by J-Trace at the trace port connector,

including the connector and interfacing logic, is less than 6pF. The trace port lines
have a matched impedance of 50.

The J-Trace unit will operate with a target board that has a supply voltage range of
3.0V-3.6V.

6.3.4.2 Clock frequency
For capturing trace port sighals synchronous to TRACECLK, J-Trace supports

a TRACECLK frequency of up to 200MHz. The following table shows the TRACECLK
frequencies and the setup and hold timing of the trace signals with respect to TRACE-

CLK.

Parameter Min. Max. Explenation
Tperiod 5ns 1000ns | Clock period
Fmax 1MHz 200MHz | Maximum trace frequency
Tch 2.5ns - High pulse width
Tcl 2.5ns - Low pulse width

Table 6.5: Clock frequency
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Parameter Min. Max. Explenation
Tsh 2.5ns Data setup high
Thh 1.5ns Data hold high
Tsl 2.5ns Data setup low
Thli 1.5ns Data hold low

Table 6.5: Clock frequency

The diagram below shows the TRACECLK frequencies and the setup and hold timing

of the trace signals with respect to TRACECLK.

Full

TRACECLK

d
<

Tperiod

4

««——Tch

\ 4

Tel ——»

DATA

Tsh

Half-rate

/]

TRACECLK

Note:

Thh

Tsl [« Thli

A
A 4

N

J-Trace supports half-rate clocking mode. Data is output on each edge of
the TRACECLK signal and TRACECLK (max) <= 100MHz. For half-rate clocking, the

setup and hold times at the JTAG+Trace connector must be observed.
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6.4 RESET, nTRST

The TAP controller and ICE logic is reset independently from the ARM core with
NTRST (DBGNTRST on synthesizable cores). For the ARM core to operate correctly, it
is essential that both signals are asserted after power-up.

The advantage of having separate connection to the two reset signals is that it allows
the developer performing software debug to set up breakpoints which are retained by
the ICE logic even when the core is reset. (For example, at address 0, to allow the
code to be single-stepped as soon as it comes out of reset). This can be particularly
useful when first trying to bring up a board with a new ASIC.

You may tie (DBG)nTRST to the core reset, but this removes some of the flexibility
and usefulness of the debug tools. What some designers facing similar pin con-
straints have done is to implement some kind of reset circuit within their device. This
typically will assert both nTRST and the core reset for the initial power-on reset, but
subsequent 'warm' resets, where the power to the device is maintained, will cause
only the core reset to go LOW.
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6.5 Adapters
6.5.1 JTAG 14 pin adapter

An adapter is available to use J-Link / J-Trace with targets using this 14 pin 0.1" mat-
ing JTAG connector.

The following table shows the mapping between the 14 pin adapter and the standard
20 pin JTAG interface.

PIN Signal Pin no. on 20 pin JTAG

1 VTref 1

2 GND GND
3 nTRST 3

4 GND GND
5 TDI 5

6 GND GND
7 TMS 7

8 GND GND
9 TCK 9

10 GND GND
11 TDO 13
12 RESET 15
13 VTref 1

14 GND GND

Table 6.6: Mapping between the JTAG 14 pin adapter and 20 pin JTAG interface
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6.5.2 5 Volt adapter

The 5V adapter extends the voltage range of J-Link / J-Trace (and other, pin-compat-
ible JTAG probes) to 5V. Most targets have JTAG signals at voltage levels between
1.2V and 3.3V for J-Link and 3.0V up to 3.6V for J-Trace. These targets can be used
with J-Link / J-Trace without a 5V adapter. Higher voltages are common primarily in
the automotive sector.

1 ]
]
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a

6.5.2.1 Technical data

20 pin connector, female (plugs into J-Link / J-Trace)

20 pin connector male, for target ribbon cable

LED shows power status

Adapter is powered by target

Power consumption < 20 mA Target supply voltage: 3.3V - 5V
Maximum JTAG-frequency: 10 MHz

6.5.2.2 Compatibility note

The J-Link 5V adapter is compatible to J-Link revisions 4 or newer and J-Trace. Using
an older revision of J-Link together with a 5V adapter will not output a reset signal to
your target, because older J-Link versions were not able to drive high level on Reset
and TRST to target. To actually determine if your J-Link is compatible to the 5V

adapter, you may check whether J-Link outputs a reset signal (active high) to your
target CPU.

6.5.2.3 Usage

The 5 volt adapter should be plugged directly into J-Link / J-Trace with the 20-pin
female connector. The target ribbon cable is then attached to the 20-pin male con-
nector of the adapter. The picture below shows a J-Link with a connected 5-volt
adapter.
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6.6 How to determine the hardware version

To determine the hardware version of your J-Link, the first step should be to look at

the label at the bottom side of the unit. J-Links have the hardware version printed on
the back label.

If this is not the case with your J-Link, start JLink.exe. As part of the initial mes-
sage, the hardware version is displayed.

[%] JLink.exe =]

C:wJ-Link>JLink.exe

SEGGER J-Link Commander UZ2.68.81. '7' for help.

Compiled 14:82:49 on Oct 25 2885.

DLL version U2.7Y8a. compiled Oct 25 28685 14:82:48

Firmware: J-Link compiled Oct 20 2885 18:59:34 — Update —

Hardware: U3.00

/N - T

UTarget = B.666U
Speed set to 38 kH=
J-Link>
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6.6.1
6.6.1.1

Differences between different versions

Versions 1-3

These J-Links use a 16-bit CISC CPU. Maximum download speed is approximately
150 Kbytes/second.

JTAG speed

Maximum JTAG frequency is 4 MHz; possible JTAG speeds are:
16 MHz / n, where n is 4,5, ..., resutling in speeds of:

4.000 MHz (n = 4)

3.200 MHz (n = 5)

2.666 MHz (n = 6)

2.285 MHz (n = 7)

2.000 MHz (n = 8)

1.777 MHz (n = 9)

1.600 MHz (n = 10)

Adaptive clocking is not supported.

Target Interface

NTRST is open drain + 4K7 pull up

RESET is open drain

6.6.1.2 Versions 4

Identical to version 3.0 with the following exception:

Target Interface

NTRST is push-pull type
RESET is push-pull type

6.6.1.3 Version 5.0

Uses a 32-bit RISC CPU.
Maximum download speed (using DCC) is over 700 Kbytes/second.

Maximum JTAG frequency is 12 MHz; possible JTAG speeds are:

48 MHz / n, where n is 4,5, ..., resutling in speeds of:

JTAG speed
12.000 MHz (n = 4)
9.600 MHz (n = 5)
8.000 MHz (n = 6)
6.857 MHz (n = 7)
6.000 MHz (n = 8)
5.333 MHz (n = 9)
4.800 MHz (n = 10)

Adaptive clocking is supported.

Target Interface

NnTRST is push-pull type
RESET is push-pull type
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6.6.1.4 Version 5.2
Identical to version 5.0 with the following exception:
Target Interface

NTRST is push-pull type
RESET is open drain

6.6.1.5 Version 5.3

Identical to version 5.2 with the following exception:

e 5V target supply current limited
5V target supply (pin 19) of Kick-Start versions of J-Link is current monitored
and limited. J-Link automatically switches off 5V supply in case of over-current to
protect both J-Link and host computer. Peak current (<= 10 ms) limit is 1A,
operating current limit is 300mA.

6.6.1.6 Version 5.4

Identical to version 5.3 with the following exception:
e JTAG interface is 5V tolerant.

6.6.1.7 Version 6.0

Identical to version 5.4 with the following exception:
e Outputs can be tristated (Effectively disabling the JTAG interface)
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6.7 J-Link OEM versions

There are several different OEM versions of J-Link on the market. The OEM versions
look different, but use basically identical hardware. Some of these OEM versions are
limited in speed, some of these can only be used with certain chips and some of
these have certain add-on features enabled, which normally requires license. In any
case, it should be possible to use the J-Link software with these OEM versions. How-
ever, proper function cannot be guaranteed for OEM versions. SEGGER Microcontrol-
ler does not support OEM versions; support is provided by the respective OEM.

6.7.1 List of OEM products

The following table list OEM versions of J-Link as well as the major differences
between them and J-Link.

Product Limitation Features
Analog Devices Works with Analog Devices chips
mIDASLink only. RDI, FlashDL, FlashBP
Atmel SAM-ICE Works with ATMEL chips only. RDI, GDBServer
Digi International . .
Digi JTAG Link Works with Digi chips only. GDBServer
IAR J-Link -- --
IAR J-Link KS -- --
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Chapter 7

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 the related decode mechanism are greatly simplified com-
pared with microprogrammed Complex Instruction Set Computer (CISC).
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71 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.

7.1.1 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 ;I'he_ test clock input (TCK) provides the clock for the test
ogic.
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
P decoded 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.
ATRST Input The optional test reset (nTRST) input provides for asyn-

(optional) | chronous initialization of the TAP controller.

Table 7.1: Test access port

7.1.2 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.

7.1.3 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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7.1.4 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.

TAP controller state diagram

<< Reset
tms=1

tms=0

Idle

tms=0 'y

| Capture-DR

N

7.1.4.1 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.
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7.2 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 Thumb 16-bit
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.

7.2.1 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.
fj;i Inter- fiq Supports a high-speed data transfer or channel process.flash

Table 7.2: ARM processor modes

7.2.2 Registers of the CPU core

The CPU core has the following registers:

e Supervisor Abort Undefined Interrupt . AR
System interrupt
RO
R1
R2
R3
R4
R5
R6
R7
R8 R8_fiq
R9 R9_fiq
R10 R10_fiqg
R11 R11_fiqg
R12 R12_fiq
R13 R13_svc R13_abt R13_und R13_irqg R13_fiqg
R14 R14_svc R14_ abt R14 und R14_irqg R14_fiqg
PC
CPSR
SPSR_svc SPSR_abt SPSR_und SPSR_.irq SPSR_fiq

Table 7.3: Registers of the ARM core

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

7.2.3 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 / J-Trace fully supports debugging of both modes without limitation.
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7.3 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 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).

7.3.1 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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7.3.2 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 7.4: Function and mapping of EmbeddedICE registers

For more information about EmbeddedICE, see the technical reference manual of
your ARM CPU. (www.arm.com)
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7.4 Embedded Trace Macrocell (ETM)

Embedded Trace Macrocell (ETM) provides comprehensive debug and trace facilities
for ARM processors. ETM allows to capture information on the processor's state with-
out affecting the processor's performance. It can be configured in software to store
trace information only after a specific sequence of conditions. When the trigger con-
dition occurs the trace capture stops after a programmable period. The trace infor-
mation is exported immediately after it has been captured through a special trace
port.

J-Trace has a 2 Mbyte trace memory buffer to store the exported trace information. A
software debugger provides the user interface to J-Trace and the stored trace data.
The debugger enables all the ETM facilities and displays the trace information that
has been captured. J-Trace can be seamlessly integrated into the IAR Embedded
Workbench® IDE. The advanced trace debugging features can be used with the IAR
C-SPY debugger.
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7.5 Embedded Trace Buffer (ETB)

The ETB is a small, circular on-chip memory area where trace information is stored
during capture. It contains the data which is normally exported immediately after it
has been captured from the ETM. The buffer can be read out through the JTAG port of
the device once capture has been completed. No additional special trace port is
required, so that the ETB can be read via J-Link. The trace functionality via J-Link is
is limited by the size of the ETB. While capturing runs, the trace information in the
buffer will be overwritten every time the buffer size has been reached.

[_1O] ]|
SEGGER J-Link Commander U3.72c '7’ for help>
Compiled Jul 4 2887 28:17:14
DLL version U3.72c,. compiled Jul 4 2887 28:17:89
Firmware: J-Link compiled Jun 14 2887 14:36:33 ARM Rev.S
rez U5.308

: RDI. FlashBP. FlashDL. JFlash. GDB
19V

kH=
: CP15.8.8: Bx41869264: ARM. Architecure STEJ
= CP15.8.1: Bx1D192192: ICache: 32kB (4=256%32>, DCache: 32kB (4=256=32)>
Found 2 JTAG devices, Total IRLen = 8
Id of device #8: Bx1B?BAFAF
Id of device #1: Bx1798@FAF
Found ARM with core Id Bx1798BFBF (ARM?>
ETH U1.3: 8 pairs addr.comp,. 8 data comp, 16 MM decs,. 4 counters. sequencer
ETB U1.8: 2848x24 bit RAM
J-Link>eth
ETB iz present.
(ETBIBxBB1> : 1B?BAFAF
(ETBI[Bx61 1> : AAABAEOA
(ETBIBxB21> : 000606618
(ETBIBxB3 1> : 00066668
(ETB[BxB41> : BACEBB1B?
RAM read pointer <(ETEI[BxB51> : BBOABAOBA
RAM write pointer (ETEBI[BxB61> : BBABAOBA
Trigger counter (ETBL[BxB71> : BBABAOBA
Control (ETBL[BxB81> : BA0OBOOA
J-Link>

The result of the limited buffer size is that not more data can be traced than the
buffer can hold. Throu this limitation is an ETB not in every case an fully-fledged
alternative to the direct access to an ETM via J-Trace.
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7.6 Flash programming

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

7.6.1 How does flash programming via J-Link / J-Trace 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. This program is
called RAM code and "knows" how to program the flash; it contains an implementa-
tion of the flash programming algorithm for the particular flash. Different flash chips
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 (for example 1 * 8 bits, 1 * 16 bits, 2 * 16 bits or 32 bits). The RAM code
requires data to be programmed into the flash memory. There are 2 ways of supply-
ing this data: Data download to RAM or data download via DCC.

7.6.2 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
Ram code, the CPU is started, executing the RAM code. The RAM code, which con-
tains 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.

7.6.3 Data download via DCC

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

7.6.4 Available options for flash programming

There are different solutions available to program internal or external flashes con-
nected to ARM cores using J-Link / J-Trace. The different solutions have different
fields of application, but of course also some overlap.

7.6.4.1 J-Flash - Complete flash programming solution

J-Flash is a stand-alone Windows application, which can read / write data files and
program the flash in almost any ARM system. J-Flash requires an extra license from
SEGGER.
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7.6.4.2 JLinkArmFlash.dll - A DLL with flash programming capabilities

An enhanced version of the JLinkARM.DLL, which has add. API functions. The addi-
tional API functions allow loading and programming a data file. This DLL comes with
a sample executable, as well as the source code of this executable and a project file.

This can be an interesting option if you want to write your own programs for produc-
tion purposes. This DLL also requires an extra license from SEGGER; contact us for
more information.

Output of Sample program:

SEGGER JLinkARMFlash for ST STR710FR2T6 V1.00.00
Compiled 11:16:22 on May 4 2005.

This program and the DLL are (c) Copyright 2005 SEGGER, www.segger.com

Connecting to J-Link
Resetting target

Loading data file... 1060 bytes loaded.

Erasing required sectors... 0.K. - Completed after 0.703 sec
Programming... O.K. - Completed after 0.031 sec

Verifying... 0.K. - Completed after 0.031 sec

7.6.4.3 RDI flash loader: Allows flash download from any RDI-compliant
tool chain

RDI, (Remote debug interface) is a standard for "debug transfer agents" such as J-
Link. It allows using J-Link from any RDI compliant debugger. RDI by itself does not
include download to flash. To debug in flash, you need to somehow program your
application program (debuggee) into the flash. You can use J-Flash for this purpose,
use the flash loader supplied by the debugger company (if they supply a matching
flash loader) or use the flash loader integrated in the J-Link RDI software. The RDI
software as well as the RDI flash loader require licenses from SEGGER.

7.6.4.4 Flash loader of compiler / debugger vendor such as IAR

A lot of debuggers (some of them integrated into an IDE) come with their own flash
loaders. The flash loaders can of course be used if they match your flash configura-
tion, which is something that needs to be checked with the vendor of the debugger.

7.6.4.5 Write your own flash loader

Implement your own flash loader using the functionality of the JLinkARM.dIl 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 of the target system.
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7.7 J-Link/ J-Trace firmware

The heart of J-Link / J-Trace is a microcontroller. The firmware is the software exe-
cuted by the microcontroller inside of the J-Link / J-Trace. The J-Link / J-Trace firm-
ware sometimes needs to be updated. This firmware update is performed
automatically as necessary by the JLinkARM.dII.

7.7.1 Firmware update

Every time you connect to J-Link / J-Trace, JLinkARM.dIl checks if its embedded firm-
ware is newer than the one used the J-Link / J-Trace. The DLL will then update the

firmware automatically. This process takes less than 3 seconds and does not require
a reboot.

It is recommended that you always use the latest version of JLinkARM.dII.

JLink.exe _ O]
SEGGER J-Link Commander U2_68._.81. 7' for help.
Compiled 14:82:4% on Oct 25 2805.
Updat i i : J-Link compiled Oct 28 2885 14:41:31 ARM Reuv.5
J-Link compiled NOU 17 200A5 16:12:19 ARM Rev.5
... Firmuware update successful. CRC=5EF3
Waiting for new firmuware to boot

DLL version U2.78a, compiled Oct 25 2085 14:-82:-48
Firmuware: J-Link compiled Oct 20 2085 14:-41:-31 ARM Rev .5
Hardware: US.00

SN =

UTarget = @.808l)

Speed set to 38 kH=

J—Link>

In the screenshot:

e The red box identifies the new firmware.
e The green box identifies the old firmware which has been replaced.

7.7.2 Invalidating the firmware

Downdating J-Link / J-Trace is not performed automatically through an old
JLinkARM.dII. J-Link / J-Trace will continue using its current, newer firmware when
using older versions of the JLinkARM.dIl.

Note: Downdating J-Link / J-Trace is not recommended, you do it at your own
risk!
Note: Note also the firmware embedded in older versions of JLinkARM.dIl might

not execute properly with newer hardware versions.

To downdate J-Link / J-Trace, you need to invalidate the current J-Link / J-Trace firm-
ware, using the command exec InvalidateFWw.

[#%] Jink.exe _ O]
SEGGER J-Link Commander U2.74_81. *?' for help.

Compiled 18:17:23 on Mov 25 2885,

DLL version U2_.74bh, compiled Hou 25 2085 18:17:-13

Firmware: J-Link compiled MNov 17 2085 i6:12:19 ARH Rev.§

Hardware : US .00

SN =

UTarget = @.808l0

Speed set to 38 kH=

J-Link>exec invalidatefuw

Info: Updating firmware: J-Link compiled NHOU 17 2885 16:12:19 ARH Rev. 5

Info: Replacing firmuware: J-Link compiled Mov 17 2885 16:12:1%9 ARH Rev. 5

Info: ..- Firmuware update successful. CRC=CDI3
Info: Waiting for new firmuware to boot

J-Link?>

In the screenshot, the red box contains information about the formerly used J-Link /
J-Trace firmware version.

J-Link / J-Trace User Guide © 1997 - 2007 SEGGER Microcontroller GmbH & Co. KG



102 CHAPTER 7 Background information

Use an application (for example JLink.exe) which uses the desired version of
JLinkARM.dII. This automatically replaces the invalidated firmware with its embedded
firmware.

ILink.exe =]

SEGGER J-Link Commander U2.68.81. '?' for help.
Compiled 14:82:4% on Oct 25 2085L.
Updating fivrmware: J-Link compiled Oct 20 2085 14:41:31 ARM Hev.5
i firmware: J-Link compiled NOU 17 2005 16:12:-19 ARM Hew.5
. Firmuware update successful. CRC=5EF3
Waiting for new firmuware to hoot

DLL version U2.78a. compiled Oct 25 2005 14:82:4A
Firmuware: J-Link compiled Oct 20 2685 14:41:31 ARM Rev.5
Hardware: US5.08

i

UTarget = @.6088U

Speed set to 38 kHz=

J-Link>

In the screenshot:

e The red box identifies the new firmware.
e The green box identifies the old firmware which has been replaced.
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Chapter 8

Designing the target board for
trace

This chapter descirbes the hardware requirements which have to be met by the tar-
get board.

J-Link / J-Trace User Guide © 1997 - 2007 SEGGER Microcontroller GmbH & Co. KG



104

8.1

CHAPTER 8 Designing the target board for trace

Overview of high-speed board design

Failure to observe high-speed design rules when designing a target system contain-
ing an ARM Embedded Trace Macrocell (ETM) trace port can result in incorrect data
being captured by J-Trace.You must give serious consideration to high-speed signals
when designing the target system.

The signals coming from an ARM ETM trace port can have very fast rise and fall
times, even at relatively low frequencies.

Note: These principles apply to all of the trace port signals (TRACEPKT[0:15],
PIPESTAT[0:2], TRACESYNC), but special care must be taken with TRACECLK.

8.1.1 Avoiding stubs

Stubs are short pieces of track that tee off from the main track carrying the signal to,
for example, a test point or a connection to an intermediate device. Stubs cause
impedance discontinuities that affect signal quality and must be avoided.

Special care must therefore be taken when ETM signals are multiplexed with other
pin functions and where the PCB is designed to support both functions with differing
tracking requirements.

8.1.2 Minimizing Signal Skew (Balancing PCB Track Lengths)

You must attempt to match the lengths of the PCB tracks carrying all of TRACECLK,
PIPESTAT, TRACESYNC, and TRACEPKT from the ASIC to the mictor connector to
within approximately 0.5 inches (12.5mm) of each other. Any greater differences
directly impact the setup and hold time requirements.

8.1.3 Minimizing Crosstalk

Normal high-speed design rules must be observed. For example, do not run dynamic
signals parallel to each other for any significant distance, keep them spaced well
apart, and use a ground plane and so forth. Particular attention must be paid to the
TRACECLK signal. If in any doubt, place grounds or static signals between the
TRACECLK and any other dynamic signals.

8.1.4 Using impedance matching and termination

Termination is almost certainly necessary, but there are some circumstances where it
is not required. The decision is related to track length between the ASIC and the
JTAG+Trace connector, see Terminating the trace signal on page 105 for further ref-
erence.
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8.2 Terminating the trace signal

To terminate the trace signal, you can choose between three termination options:

e Matched impedance
e Series (source) termination
e DC parallel termination.

Matched impedance

Where available, the best termination scheme is to have the ASIC manufacturer
match the output impedance of the driver to the impedance of the PCB track on your
board. This produces the best possible signal.

Series (source) termination

This method requires a resistor fitted in series with signal. The resistor value plus the
output impedance of the driver must be equal to the PCB track impedance.

DC parallel termination

This requires either a single resistor to ground, or a pull-up/pull-down combination of
resistors (Thevenin termination), fitted at the end of each signal and as close as pos-
sible to the JTAG+Trace connector. If a single resistor is used, its value must be set
equal to the PCB track impedance. If the pull-up/pull-down combination is used, their
resistance values must be selected so that their parallel combination equals the PCB
track impedance.

Caution:

At lower frequencies, parallel termination requires considerably more drive capability
from the ASIC than series termination and so, in practice, DC parallel termination is
rarely used.

8.2.1 Rules for series terminators

Series (source) termination is the most commonly used method. The basic rules are:

1. The series resistor must be placed as close as possible to the ASIC pin (less than
0.5 inches).

2. The value of the resistor must equal the impedance of the track minus the output
impedance of the output driver. So for example, a 50 PCB track driven by an out-
put with a 17 impedance, requires a resistor value of 33.

3. A source terminated signal is only valid at the end of the signal path. At any point
between the source and the end of the track, the signal appears distorted
because of reflections. Any device connected between the source and the end of
the signal path therefore sees the distorted signal and might not operate cor-
rectly. Care must be taken not to connect devices in this way, unless the distor-
tion does not affect device operation.
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8.3 Signal requirements

The table below lists the specifications that apply to the signals as seen at the
JTAG+Trace connector.

Signal Value
Fmax 200MHz
Ts setup time (min.) 2.0ns
Th hold time (min.) 1.0ns
TRACECLK high pulse width (min.) |1.5ns
TRACECLK high pulse width (min.) |1.5ns

Table 8.1: Signal requirements
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Chapter 9
Support and FAQs

This chapter contains troubleshooting tips together with solutions for common prob-
lems which might occur when using J-Link / J-Trace. There are several steps you can
take before contacting support. Performing these steps can solve many problems and
often eliminates the need for assistance. This chapter also contains a collection of
frequently asked questions (FAQs) with answers.
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9.1
9.1.1

CHAPTER 9 Support and FAQs

Troubleshooting

General procedure

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

aouhwWNRE

7.
8.
9.

10.
11.
12.
13.

14.

15.

9.1.2

Close all running applications on your host system.

Disconnect the J-Link / J-Trace device from USB.

Disable power supply on the target.

Re-connect J-Link / J-Trace with the host system (attach USB cable).

Enable power supply on the target.

Try your target application again. If the problem remains continue the following
procedure.

Close all running applications on your host system again.

Disconnect the J-Link / J-Trace device from USB.

Disable power supply on the target.

Re-connect J-Link / J-Trace with the host system (attach the USB cable).

Enable power supply on the target.

Start JLink. exe.

If JLink.exe displays the J-Link / J-Trace serial number and the target proces-
sor’s core ID, the J-Link / J-Trace is working properly and cannot be the cause of
your problem.

If JLink.exe is unable to read the target processor’s core ID you should analyze
the communication between your target and J-Link / J-Trace with a logic analyzer
or oscilloscope. Follow the instructions in section 9.2.

If the problem persists and you own an original product (not an OEM version),
see section Contacting support on page 111.

Typical problem scenarios

J-Link / J-Trace LED is off

Meaning:

The USB connection does not work.

Remedy:

Check the USB connection. Try to re-initialize J-Link / J-Trace by disconnecting and
reconnecting it. Make sure that the connectors are firmly attached. Check the cable
connections on your J-Link / J-Trace and the host computer. If this does not solve the
problem, check if your cable is defect. If the USB cable is ok, try a different host
computer.

J-Link / J-Trace LED is flashing at a high frequency

Meaning:

J-Link / J-Trace could not be enumerated by the USB controller.

Most likely reasons:

a.) Another program is already using J-Link / J-Trace.
b.) The J-Link USB driver does not work correctly.

Remedy:

a.) Close all running applications and try to reinitialize J-Link / J-Trace by disconnect-
ing and reconnecting it.

b.) If the LED blinks permanently, check the correct installation of the J-Link USB
driver. Deinstall and reinstall the driver as shown in chapter Setup on page 19.
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J-Link/J-Trace does not get any connection to the target
Most likely reasons:

a.) The JTAG cable is defective.
b.) The target hardware is defective.

Remedy:

Follow the steps described in section 9.1.1.
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9.2 Signal analysis
The following screenshots show the data flow of the startup and ID communication
between J-Link / J-Trace and the target device.

9.2.1 Start sequence

This is the signal sequence output by J-Link / J-Trace at start of JLink.exe. It should
be used as reference when tracing potential J-Link / J-Trace related hardware prob-
lems.

Bus/Signal

Time

DReset

OTreT

Orck

Qs

o

DTDO Undefined

The sequence consists of the following sections:

5 clocks: TDI low, TMS high. Brings TAP controller into RESET state

1 clock: TDI low, TMS low: Brings TAP controller into IDLE state

2 clocks: TDI low, TMS high: Brings TAP controller into IR-SCAN state

2 clocks: TDI low, TMS low: Brings TAP controller into SHIFT-IR state

32 clocks: TMS low, TDI: 0x05253000 (Isb first): J-Link Signature as IR data
240 clocks: TMS low, last clock high, TDI high: Bypass command

1 clock: TDI low, TMS high: Brings TAP controller into UPDATE-IR state.

J-Link / J-Trace checks the output of the device (output on TDO) for the signature to
measure the IR length. For ARM7 / ARM9 chips, the IR length is 4, which means TDO
shifts out the data shifted in on TDI with 4 clock cycles delay. If you compare the
screenshot with your own measurements, the signals of TCK, TMS, TDI, and TDO
should be identical.

Note that the TDO signal is undefined for the first 10 clocks, since the output is usu-
ally tristated and the signal level depends on external components connected to TDO,
such as pull-up or pull-down.

Zoom-in

The next screenshot shows the first 6 clock cycles of the screenshot above. For the
first 5 clock cycles, TMS is high (Resulting in a TAP reset). TMS changes to low with
the falling edge of TCK. At this time the TDI signal is low. Your signhals should be
identical. Signal rise and fall times should be shorter than 100ns.

Bus/Signal

Time

[rek

[ms

o

oo

9.2.2 Troubleshooting

If your measurements of TCK, TMS and TDI (the signals output by J-Link / J-Trace)
differ from the results shown, disconnect your target hardware and test the output of
TCK, TMS and TDI without a connection to a target, just supplying voltage to J-
Link's/J-Trace’s JTAG connector: VCC at pin 1; GND at pin 4.
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9.3 Contacting support

Before contacting support, make sure you tried to solve your problem by following
the steps outlined in section General procedure on page 108. You may also try your
J-Link / J-Trace 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 / J-Trace.

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

A detailed description of the problem

J-Link/J-Trace serial number

Output of JLink.exe if available

Your findings of the signal analysis

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

J-Link / J-Trace is sold directly by SEGGER or as OEM-product by other vendors. We
can support only official SEGGER products.
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9.4

Q:

A:

Z0 =20

Z0 =20

Z0o

zQ

=ZQ

=ZQ

CHAPTER 9 Support and FAQs

Frequently Asked Questions

Which CPUs are supported?
J-Link / J-Trace should work with any ARM7 / ARM9 core. For a list of supported
cores, see section Supported ARM Cores on page 46.

What is the maximum JTAG speed supported by J-Link / J-Trace?
J-Link’s/J-Trace’s maximum supported JTAG speed is 12MHz.

What is the maximum download speed?

The maximum download speed is currently about 720 Kbytes/second when down-
loading into RAM; Communication with a RAM-image via DCC can be still faster.
However, the actual speed depends on various factors, such as JTAG, clock speed,
host CPU core etc.

Can I access individual ICE registers via J-Link / J-Trace?
Yes, you can access all individual ICE registers via J-Link / J-Trace.

I want to write my own application and use J-Link / J-Trace. Is this possible?
Yes. We offer a dedicated Software Developer Kit (SDK). See section J-Link Soft-
ware Developer Kit (SDK) on page 41 for further information.

Can I use J-Link / J-Trace to communicate with a running target via DCC?

Yes. The DLL includes functions to communicate via DCC. However, you can also
program DCC communication yourself by accessing the relevant ICE registers
through J-Link / J-Trace.

Can J-Link / J-Trace read back the status of the JTAG pins?

Yes, the status of all pins can be read. This includes the outputs of J-Link / J-Trace
as well as the supply voltage, which can be useful to detect hardware problems on
the target system.

J-Link / J-Trace is quite inexpensive. What is the advantage of some more expen-
sive JTAG probes?

Some of the more expensive JTAG probes offered by other manufacturers support
higher download speeds or an ethernet interface. The functionality is similar, there
is no real advantage of using more expensive probes. J-Link / J-Trace is a suitable
solution for the majority of development tasks as well as for production purposes.
Some features that are available for J-Link / J-Trace, such as a DLL, exposing the
full functionality of the emulator, flash download and flash breakpoints are not
available for most of these emulators.

Does J-Link support the Embedded Trace Macrocell (ETM)?
No. ETM requires another connection to the ARM chip and a CPU with built-in ETM.
Most current ARM7 / ARM9 chips do not have ETM built-in.

Does J-Link support the Embedded Trace Buffer (ETB)?

Yes. J-Link supports ETB. Most current ARM7 / ARM9 chips do not have ETB built-
in.

Why does J-Link / J-Trace - in contrast to most other JTAG emulators for ARM
cores - not require the user to specify a cache clean area?

J-Link / J-Trace handles cache cleaning directly through JTAG commands. Unlike
other emulators, it does not have to download code to the target system. This
makes setting up J-Link / J-Trace easier. Therefore, a cache clean area is not
required.
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Chapter 10

Glossary

This chapter describes important terms used throughout this manual.

J-Link / J-Trace User Guide © 1997 - 2007 SEGGER Microcontroller GmbH & Co. KG



114 CHAPTER 10 Glossary

Adaptive clocking

A technique in which a clock signal is sent out by J-Link / J-Trace. J-Link / J-Trace
waits for the returned clock before generating the next clock pulse. The technique
allows the J-Link / J-Trace interface unit to adapt to differing signal drive capabilities
and differing cable lengths.

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, signal 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 is referred to as dirty data. Only write-back
caches can have dirty data because a write-through cache writes data to the cache
and to main memory simultaneously. See also 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.

Embedded Trace Macrocell (ETM)

ETM is additional hardware provided by debuggable ARM processors to aid debugging
with trace functionality.

Embedded Trace Buffer (ETB)

ETB is a small, circular on-chip memory area where trace information is stored during
capture.

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

A 16-bit unit of information. Contents are taken as being an unsigned integer
unless otherwise stated.

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.
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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.
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. Obtaining memory coherency is
difficult 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.
RESET

Abbreviation of System Reset. The electronic signal which causes the target system
other than the TAP controller to be reset. This signal is also known as "nSRST"
"nSYSRST", "nRST", or "nRESET" 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.
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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 state. Often, therefore, also referred to as Processor Status
Register.

Also referred to as Current PSR (CPSR), to emphasize the distinction to 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.

Remapping
Changing the address of physical memory or devices after the application has started

executing. This is typically done to make RAM 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.

RTCK

Returned TCK. The signal which enables Adaptive Clocking.
RTOS

Real Time Operating System.

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/0 requests made in the application
code to the host system, rather than attempting to support the I/0 itself.

SWiI

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 is
running.

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 J-Link / J-Trace Interface Unit to the first TAP control-
ler.
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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 J-Link / J-Trace Inter-
face Unit.

Test Access Port (TAP)

The port used to access a device's TAP Controller. Comprises TCK, TMS, TDI, TDO,
and nTRST (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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Chapter 11

Literature and references

This chapter lists documents, which we think may be useful to gain deeper under-
standing of technical details.
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CHAPTER 11

Literature and references

Reference Title Comments
This document defines the ETM
Embedded Trace Macrocell™ standard, including signal protocol
[ETM] Architecture Specification, and physical interface.
ARM IHI 0014] It is publicly available from ARM
(www.arm.com).
This document describes ARM’s
RealView® ICE and RealView |realview ice emulator and require-
[RVI] Trace User Guide, ARM DUI ments on the target side.
0155C It is publicly available from ARM
(www.arm.com).

Table 11.1: Literature and Refernces
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