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ADuCM360 Development Systems Getting Started Tutorial

INTRODUCTION

The ADuCM360 is a fully integrated, 4 kSPS, 24-bit data
acquisition system that incorporates dual, high performance
multichannel sigma-delta (£-A) analog-to-digital converters
(ADC:s), a 32-bit ARM Cortex™-M3 processor, and Flash/EE
memory on a single chip.

The ADuCM360 is designed for direct interfacing to external
precision sensors in both wired and battery-powered appli-
cations. The ADuCM361 contains all the features of the
ADuCM360 except for the ADCO, which was removed.

Refer to the ADuCM360/ADuCM361 product page for future
updates.

Additional support for the ADuCM360/ADuCM361 is available
through the EngineerZone® website.
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GENERAL DESCRIPTION

The ADuCM360 development system allows evaluation of
ADuCM360 silicon. This getting started guide introduces the
support features and the tools supplied with the evaluation
kit. In addition, it shows and describes how to connect the
evaluation hardware.

This guide describes the software files that are included on
the DVD and FTP site, and how to download them. The FTP
site, should be opened in Windows® Explorer.

This guide works as a tutorial by providing a step-by-step
account of how to download evaluation versions of third-
party software tools. Instructions are provided on how to load
code examples that are supplied on the CD and on the FTP
site. These examples demonstrate simple operation of the
ADuCM360.

Working through this guide brings the user to the stage where
they can start to generate and download their own user code
for use in their own unique end-system requirements.
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Figure 1. ADuCM360 Mini-Board Connected to Analog Devices, Inc., J-Link OB Emulator

PLEASE SEE THE LAST PAGE FOR AN IMPORTANT
WARNING AND LEGAL TERMS AND CONDITIONS.
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DEVELOPMENT SYSTEM CONTENTS

The EVAL-ADuCM360QSPZ is an evaluation kit for the
ADuCM360 and ADuCM361. This kit features a mini-board
(EVAL-ADuCM360MKZ) and an Analog Devices J-Link OB
emulator (USB-SWD/UART-EMUZ) that connects to a PC
USB port via a USB cable. A comprehensive set of development
tools is included on the DVD.

10952-002

Figure 2. ADuCM360 Mini-Board Connected to J-Link OB Emulator
The development system contains the following:

e An ADuCM360 mini-board

e An Analog Devices J-Link OB emulator
e 1 USB cable

e ADVD.

EVALUATION BOARD

The EVAL-ADuCM360MKZ mini-board facilitates
performance evaluation of the device with a minimum of
external components. The board schematic is available after
installation of the software in the documentation folder.

By default, this is
\ADuCMxxxV1.3\Documentation\ADuCM360\Evaluation
Board\Eval-ADuCM360MKZ.

J-LINK OB EMULATOR

The J-Link OB emulator provides nonintrusive emulation via a
serial wire, and also provides supply and UART communication
with the ADuCM360 mini-board. Figure 3 shows a top view of
the emulator board. J2 connector plugs into the ADuCM360
mini board. The J2 connector pinout is shown in Figure 4.

Rev B

USB=SWD /UART=-EMUZ

ANALOG

D DEVICES

10952-003

Figure 3. Emulator Top View

MINIKIT BOARD CONNECTOR

10952-004

Figure 4. J2 Connector

For downloading and debugging, LK1, LK2, LK4, and LK6 must
be inserted. LK3 and LK5 are required to communicate via
UART. Required software for the J-Link OB is included in the
software installation.

Note that the J-Link OB emulator replaces the J-Link Lite and
related interface boards previously shipped with the ADuCM360
development system.

CONNECTING THE HARDWARE

Do not plug in the emulator and mini-board before the software
is installed. See the Software Installation section.

Rev.A |Page 3 0of 16
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SOFTWARE INSTALLATION

A DVD is included in the development system. The DVD
content is also available for download on the FTP site.

SOFTWARE CONTENT PROVIDED
Table 1 shows the tools provided on the DVD.

Table 1. Tools

Tools Functions

Keil pVision For compiling/debugging and code
development, a 32 kB limited version

IAR Embedded For compiling/debugging and code

Workbench development, a 32 kB limited version

Segger J-Link J-Link software and documentation pack

Software includes USB drivers for the emulator, J-Link
Commander, J-Mem, and so on

CM3WSD This utility accepts a hex file and allows it to

be downloaded via the USB interface to the
ADuUCM360 device on your evaluation board
Elves Elves.exe is an application that helps a

C programmer choose appropriate functions
from Analog Devices libraries and simplifies
deciding which values to place in the
function parameters.

SOFTWARE INSTALLATION INSTRUCTIONS

Perform the steps described in this section before plugging any
of the USB devices into the PC.

1.  Close all open applications.

2. Insert the development system DVD into your DVD drive.
Optionally, download the ADuCMxxxV 1.3 folder from
the FTP and save it to your machine using the same folder
structure as on the FTP site. To reduce the download time,
consider excluding either the IAR or Keil folders
depending on which development environment you chose
to use.

3.  Double-click on ADuCMxxxV1.3.exe and follow the on-
screen instructions. A menu displays installation options as
shown in Figure 5.

P ADuCMoodi1. 3 Setup: Installation Options g|§|g|

Check the components vou want ko install and uncheck the components
wou don't want to install, Click Mext bo continue,

ACLCH + Keil

Select the bype of install;
ADUCM3EN (required)

O, select the optional
components you wish o install: Keil uvision
[ 14R Embedded workbench

Seqger -Link Software

Space required: 3.0GE

Cancel < Back | Mesct = |

Figure 5. Installation Options

10952-005

You can choose to install Keil and/or IAR tools as part of
the installation, or at later stage by launching
e mdk470.exe to install this version of Keil uVision.

e EWARM-CD-6502.exe to install this version of the
IAR Embedded Workbench. The IAR Embedded
Workbench requires registering on the IAR website
to obtain a free license key.

The Segger J-link software is selected by default in the
installation menu. It is advised to leave it selected. This
automatically installs the J-Link serial port driver (keep
the default settings that appear in the next Segger messages
windows).

However, if you decide to unselect the Segger J-Link
Software install, and install it at a later stage, you will, at
that time, need to run the Setup_JLinkARM_V459d.exe
located under ADuCMxxxV1.3\Segger. Then, select
Install J-Link Serial Port Driver as shown in Figure 6.
Alternatively, you can run JLinkCDClnstaller_V1.2b.exe
located under ADuCMxxxV1.3\Segger.

#2 Choose options

Chooze optional components that should be installed:
.
o i o

Choose options for creating shortcuts

v Cieate enty in start menu
[~ Add shortcuts to desktop

< Back MNext » Cancel |

Figure 6. Installing Link Software

10952-006

Although the development system, the IAR Embedded
Workbench?®, and the Keil™ software can be installed onto any
hard drive and into any directory, for the purposes of simplicity,
this user guide assumes it is installed at the default location

of C:\ADuCMxxxV1.3, C:\Program Files and C:\keil. In
addition, the Keil tools are automatically installed under an
ARM directory and are fully compatible with uVision3 or tools
for 8051.

If you choose the IAR tools, these will be installed

by default into \Program Files\IAR Systems\Embedded
Workbench 6.5.
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PROGRAMS INSTALLED
The software described in this section has now been copied or
installed.

CM3WSD.exe

The folder \ADuCMxxxV1.3\Software Tools\CM3WSD
provides an executable called CM3WSD.exe. This software
accepts a hex file and allows it to be downloaded via the USB
interface to the ADuCM360 device on your evaluation board.
You may want to add a shortcut link for this executable to your
desktop.

elves.exe

The \ADuCMxxxV1.3\Software Tools\Elves folder contains
the elves.exe files. These files are useful tools that accompany
the software function libraries in
\ADuCMxxxV1.3\Code\ADuCM360\common. Again, no
installation is required here, but you may want to add a shortcut
link for this executable to your desktop.

Driver

The J-Link OB emulator requires a driver, which is installed
automatically when the Segger J-Link Software is selected (see
Step 3 of the Software Installation Instructions section). At this
point, check that the driver is installed correctly.

Plug in the emulator and check the device manager (see
Figure 7).

Check that it appears in the Windows Device Manager in both
the communications port and the USB controllers lists.

g Ele Action Wiew Window Help - EJ
* =20 “Ra
;{ Communications Part (COMZ) A

F ECP Printer Part (LFT1)
SHRATTTVET = echnology - S0L (COM3)

(7 Link CDC UART Port (COM7E
+ W Promessa
+ ’, Secure Digital host controllers
+- % Smart card readers
+-@, Sound, video and game controllers
- 1) System devices
= é Universal Serial Bus controllers
& Generic USE Hub

& Generic USE Hub
& Generic USE Hub
& Generic LISE Hub
& Inkel(R) ICHS Family USE Universal Host Contraller - 2034
& Inkel(R) ICHS Family USE Universal Host Contraller - 2935
& Intel(R) ICHS Family USE Universal Host Contraller - 2936
& Intel(R) TCHY Family USE Universal Host Contraller - 2937
& Intel(R) ICHA Family USE Universal Host Contraller - 2938
& Inkel(R) ICHY Famiky USE Universal Host Contraller - 2039

& Inkel(R) ICHI Family USB2 Enhanced Host Controller - 2934
S Intel(R) ICH9 Family UBBZBRkanced Host Cantroller - 283C
o BN ya

10952-007

Figure 7. Device Manager

The J-Link OB emulator drivers JLinkCDClnstaller_V1.2b.exe
can be installed from the ADuCMxxxV1.3\Segger folder, if
J-Link does not appear in the device manager as shown in
Figure 7.

Note that the drivers for J-Link Lite and interface boards
previously shipped in the ADuCM360 development system are
available online.
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KEIL pVISION4 INTEGRATED DEVELOPMENT ENVIRONMENT

INTRODUCTION

The pVision4 Integrated Development Environment (IDE)
integrates all the tools necessary to edit, assemble, and
debug code. The ADuCM360 development system supports
nonintrusive emulation limited to 32 kB code. This section
describes the project setup steps in order to download and
debug code on an ADuCM360 evaluation system. Analog
Devices recommends using the J-Link debugger driver.

QUICK START STEPS

From the Start menu, choose All Programs>Keil uVision4.
This loads the uVision4 IDE. The pVision4 executable is
located at C:\Keil\UV4\Uv4.exe.

1. To open one of the prepared Keil pVision example projects
in pVision, select Project>Open Project.

Project | Flash Debug Peripherals Tools SVCS  Window Help
Mew pVision Project..,

Mew Multi-Project Workspace..,

Open Project...

Close Project

Export 3
Manage 3

10952-008

Figure 8. Open an Example Project

2. Inthe folder
\ADuCMxxxV1.3\Code\ADuCM360\examples\
RTD_Demo, select the file RTD_Demo.uvproj. This
opens the RTD example project.

(W) C:AMDUCH3 60V .0\Codelexamples\RTD_Demo(RTD_Demo. uvproj - p¥isiond

File Edit WView Project Flash Debug Peripherals Tools SVCS  Window  Help
IEH@ s @ [y
Y Egpa— v &) &
Project o system_ADUCM360.h Texclib.c | [
= Ba Target 1 123 AdeRng (pADI_ADC1, ADC
=425 Startup_Code 124 AdcBuf (pADI_ADC1, ADCCE
startup_ADUCM3G0.s 135 AdePin(pADI_ ADCI, ADCCC
=5 Application 126 bSendResultToUART = O;
+ RTD_DEmD.E 127 AdeGo (pADI_ADCL, ADCHMDE
=425 common 128 usCounter = 0;
+] 129 while [ bSendResulcTal
+ 130 i
+ 131 AdeGo (pADI ADCI, ADCHIL
+ 132
+ 133 for {ucCounter = 0O;
+ 134 [ {
+ 155 IVAINL_AGND += ()
136 ¥
137
138 b3endResultToUART = [

Figure 9. RTD Example Project

10952-009

6.

To compile and build all files, select the Build All icon
I

Once the build has completed, the code shown in Figure 10
appears.

Build Output

assenbling startup_ ADuCM3Ie0.s...
compiling RTD Demo.c...
compiling UrtLib.e. ..

compiling AdeLib.
compiling ClkLib.
compiling DacLib.
compiling DioLib.
compiling IexcLib.o...

compiling WdtLib.e. ..

linking...

Program Size: Code=11012 RO-dats=556 RU-data=56 EI-data=1728
FrowELF: creating hex file...

"RTD_Dewo.axf™ - 0O Error(=), 0 Warningis).

Qoo oo

10952-010

Figure 10. Build Output

To download the code to the EVAL-ADuCM360MKZ
board and begin a debug session, connect the J-Link OB
emulator to the ADuCM360 mini-board and to your PC
using the provided USB cable.

In pVision, click the Start/Stop Debug session icon

@Q

or press Ctrl + F5 to start a debugging session.
Click OK when the window shown in Figure 11 appears.

p¥ision

a

EVALUATION MODE
Running with Code Size Limit: 32K

10952-011

Figure 11. Evaluation Mode

Begin debugging your source code.

30 e

~ | @oxononaaTa 2103
owocacadre aes Lon

QMOCACQ4TE FOOCFEQF BL.¥
105:  DARTINIT():

) vuvenn ) sdee ) ED Demas

4t stece st

95 ioc main (void)
o

28 Bigdea (pAPL_SFL, 0nd) 5
a8

00
w01
02
03

B 201 ||

10952-012

BAD ol

Figure 12. Debug Source Code
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EXTRA OPTIONAL DETAILS ON uVISION

This section provides a more detailed explanation of the setup
described in the Quick Start Steps section. Some users may
prefer to setup via the Quick Start Steps section.

Toolbars
Under the View menu, two toolbars are available.

e  File toolbar
e Build toolbar/Debug toolbar

The File toolbar is always available. The Build toolbar is active
only when the IDE is in edit/compile mode. The Debug toolbar
is active only in download/debug mode.

Starting a Project
1.  From the Project menu, select New pVision Project.

|Emject‘ Debug Flash Perpherals Tool SVCS Window Help

| New ¥ision Praject... |

New Project Workspace...
Import pVision1 Project. ..
QOpen Project...

Close Project

10952-013

Manage J

Figure 13. Project Menu

2. Create a new folder (ADIdemo). To do so, go to
C:\ADuCMxxxV1.3\Code\ADuCM360\examples\
ADIdemo and enter Demo as the project name. If asked to
Select a CPU Data Base File, select the Generic CPU Data
Base.

Select a CPU Data Base File

ak. | Cancel

10952-014

Figure 14. Select a CPU Data Base File
3. Select the ADuCM360 in the Generic CPU Data Base.

Select Device for Target ‘Target 1°... E‘

|

Vendor:  Analog Devices
Device:  ADUCM360

Toolset:  ARM
Database Desciplior:
£ ADuCsz! || [4AM CortexM3 32bit processor A
€1 ADuCER - Setial wire download and debug
£1 ADucoH - Internal watch crystal for wake-up timer
1 Apucsae - 16 MHz oscilltor with B-way programmable divider
£ ADuca Memory
£3 ADuCas2 - 128 KB FlashvEE Memary
€3 ADuCes3 = BRI
€3 ADuCB4S Analog 1/0
£ Apucas? - Ultra high precision, Multichannel, Dual 24-bit ADCs
- Single Ended and fully diferential inputs
- Indspendently Programmable ADC oulput rate (4Hz to 4KHz)
- Simutaneous S0Hz/E0Hz rejection
- Flesible input MU for input charnel sslection to both ADCs
R %] ADUCRF101 w - Primary and udiany (24-bit] ADC channel v
< >

10952-015

Figure 15. Select ADuCM360
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Select No to the question that appears (see Figure 16). This
indicates you are not automatically including the start-up
file startup_ADuCM360.s to your project.

\_‘.:/ Copy 'startup_ADUCM360,5' to Project Folder and Add File to Project #

=
(=]
10952-016

Figure 16. uVision Startup Question

Note that it is possible to change the compiler by selecting
the File Extensions, Books and Environment folder
extension.

ect  Flash Debug Peripherals Tools SYCS  Window  Help

35 Target1 v &Ky

dh File Extensions, Books and Environment...

Configure file extensions, books and
envirgnment

10952-017

Figure 17. File Extensions, Books and Environment

For this demo, select Use RealView under the
Folders/Extensions tab.

Components, Environment and Books X

Puojsct Compenerts Folders/Extensions | Books |

Development Toal Folders: Deefavlt File Extensions;
= C Source: |
Tool Base Folder: |C:AKeihARMY J Cox Source: [Fop
BN Bem Source: [ A
[ Obiect: ["obi
LB: Ubrary: [
Begfie: [ Document. [ R e

Select ARM Development Tools:
¥ UseRealview Realview Folder: [-\ARMCCAbint,

CMSIS Folder: |

RT=ARM Foider:
RLARM Foider:

I~ UseGCC GNU-Tool Prefiy

GNU-Tocl Folder: |

Cancel Help

Figure 18. Components, Environment and Books

10952-018

In the project window, right-click on Target1 and select
Option for Target1 to configure the settings for this
project. By default, pVision4 uses the RealView compiler.

e Select the Target tab.

e  Ensure the IROM1 and IRAM1 Start and Size fields
are filled as shown in Figure 19.

e Ensure that the Use MicroLIB option is enabled.
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. Connect the emulator to the ADuCM360 mini-board and
Device  Taigel | Qutput | Listing| User | C/Co+ | Asm | Linker | Debug | Utites | to your PC’s USB pOl‘t llSiIlg a USB cable.

Analog Devices ADUCM360

ptions for, Target “Target 1°

Code Generation

el ey [160 Note that an LED on the J-Link OB emulator blinks several

Tt | (E ]| e ee By times before staying on, indicating that the emulator is
SystemViewer Fil (5] Uss Micial| ) : i

- Py communicating correctly with the PC.

R s T —— Configuring the J-Link Debugger Driver

default  off-chip Start Size Startup default  oft-chip Start Size Nelnit

r Romt cr R r 1. Inthe project window, right-click on Target1 and select

T e |- e - Option for Targetl to configure the settings of this

r ROM3: o r RAM3: I . t

on-chip on-chip pro;ec .
B om0 R & o . [oeo pem ) )
A ———— e ————{ 2. Inthe Debug tab, select Use: and then select J-LINK/

J-Trace Cortex.

o
8
&
[ ok | 8
= Cocd | _ Dkats | e | g ¥ Options for Target "Target 1° X
Figure 19. Options for Target Device | Target| Dutput| Listing | User | C/Cer | Aom | Linker  Debug | Utiies |

" Use Simulator Settings

¥ Use: [J-UNK /J-Trace Cortex ~| setings |

. I Liit SpeedtoReatT ROl Ineiface D
7. Select the Linker tab and then select Use Memory Layout spesdtefiesting e B Covs Debugger
. [ Load Application atStatup ¥ Run to main() ¥ Load gfli”'ns [fg‘m i mainl)
from Target Dialog. ntaizaton i e LS
STLink D ]
= UL P toren Detige. ]
Options for Target ‘Target 1 3 Fstora Debug § ession Setings Frastors MLk Debunger
Devics | Terget| Dutput | Lising | User | C/Ces | Aom  Linker | Dobug | Uriies | ICl st e H ars:
¥ walch Windows & Performance Analpze!
W Use Memory Layot from Target Didlog ¥ Memary Display ¥ Memory Display
I~ Make R Sestions Poston Independent R/DBass [POOIID
' oD Sttt R Hom e RwBase [T CPUDLL Parameter: Driver DL Parameter
I Don't Search Standard Libraries ‘SAHMEM3DLL ‘ ‘SAHMEME DLL ‘
W Report 'might fail' Conditions as Enors el Wi
DislogDLL:  Parameer DislogDLL:  Parametar
‘DLM DLL -pEMEER ‘TLM DLL -pEMEBER
N
]
3
Seater | J
File [ =1 [ Concel | Detauts | Heln g
P Figure 22. Choose a Debugger
controls
Lirker [ device DLM ™0 ~shict ol TestT sal 3 3. Select Run to main().
control |-autoat —surmmary_stderr -info summanysizes ~map el ~callgraph ~symboke
v . A .
oty . 4.  Select Settings in Figure 22 and then configure as shown in
8
g .
g Figure 23.
oK. Cancel Defaults | Help é g
Figufe 20 Linker OptiOnS Cortex JLink/JTrace Target Driver Setup E‘
Debug | Trace | Flash Download |
8. In the Output tab, select Create HEX File. The hex file can P o Dovice
be used by the Windows Serial Downloader (CM3WSD). S | -~ IDCODE Device Harre
Device: ] SWD | @ 042BA01477  ARM CoreSight SW-DP J
Then, select OK. Hw: [ w100 di | w46z
Fw:  [ICink LieADI Rev.] compie
I “
Options for, Target Target 1 &‘ PSD\:’ ’%‘ o
- = ;S —
Device | Target Dutput | Listing | User | C/Ees | Asm | Linker | Debug| Uiies | Auta Cl ]
Select Folder for Objects, Mame of Enecutable; [ADIDEMO
Contect & Reset Optons Cache Options Dowrioad Options
(% Crgate Executable: MADIDEMO Connect: [Morma =] Reset: [ADIHak sfter Kemel = ||| [~ Cache Code ¥ Werify Code Download
o] I Creale Batch File % Heset ater Connect I~ Cache Memery | | W Dowrload ta Flash
L Inteiface TCRIR Wiso
[ Browse Information & USB  TCRAP Network Settings
Pddiess Port fauigr ) | Autodstect s o
€ Creste Library: \ADIDEM.LIB T Son | ‘ Mo
JLink Cmd
S “ra ||| ]
®
e
<
0K Cancel Help é
Figure 23. Target Driver Setup
g 5. Select OK.
I
b 1sgs .
ok Cooel | _odaie_| e | & 6. Under Utilities, select Use Target Driver for Flash

Figure 21. Output Tab Programming. Then, choose J-LINK/J-Trace Cortex and
select the option Update Target before Debugging.
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7.

W. Options for Target ‘Target 1*

Device | Terget | Output | Listing| User | C/Ce+| dsm | Linker | Debug  Utiilies

Configure Flash Menu Command

@ Use Target Driver for Flash Programming

J-LINK / J-Trace Cortex -

Settings | [ Update Target before Debugging

TONKZME
Irit File: | 5tcilaris | CDI

L=

HULink Debugger
Command| 5 abs LIDA Debuager

5TLink Debugger
CMSISDAP Debugge

Argumerts

o]

Cancel | Defauts |

Help

Figure 24. Continuing with Target Driver Setup

Select Settings to display the dialog box shown in

Figure 25.

jLinkfjTrace Cortex-# Target Driver Setup

Debug| Trace Flash Duwnluad}

Dawnload Funcion Fi&M for Algorthm

Lopp  © EmseFulChin ¥ Progriam

3 © DaeSeros R veiy Star: [(+20000000  Size: [0x0800

© DonotErase [ Reset and Run

Programming Algerithm

Description | Devics Type Devics Size_| Addvess Range [

Stat Size:
4dd

)

Add Flash Programming Algorithm

Description | Device Type | Device Size | ~
A2Fumebd 3 128kE Flash On-chip Flagh 128k
AZFweabd 3 25EKE Flash On-chip Flash 256k,
A2Fumebd 3 512kB Flash On-chip Flagh 12k
ADUCM330 96kE Flash [+1.2) On-chip Flash 96k
ADUCM3I1 128kE Flash [v1.0]  On-chip Flash 128k
ADUCM3A Data Flazh [+1.0) On-chip Flash Bl

k.

A 01
A4 292128 Flazh

1EM

Figure 25. J-Link/J-Trace Cortex Setup

Select Add to display the window shown in Figure 26.

Select the driver for the generic that you are evaluating.

For this example, use ADuCM360 128kB Flash and then

select Add.

ATSAM3N 128kE Flash On-chip Flash 128k
ATSAMIN 25EKE Flash On-chip Flash 25k
ATSAM3N B4KE Flash On-chip Flash Bk
ATSAMIN GPNYM bits On-chip Flash 18
ATSAM3S 128kE Flash On-chip Flash 128k
g ATSAM3S 286kE Flash On-chip Flash 206k,
b ATS54M35 512kE Flash On-chip Flash 512k h
Add Cancel | g
Figure 26. Add Flash Programming Algorithm
e 9.  Select OK when the window shown in Figure 27 appears.
Cortex JLink/JTrace Target Driver Setup E|
Debug| Trace Flash Domnload |
Download Function RaM for Algorithm
LORD " Erase Full Chip ¥ Program
“ @ Erase Sectors | Werify Start: | 0220000000 Size: |0x0800
" DonotErass |~ Resetand Run
Pragramming Algorithm
Description | Device Type | Devioe Sizs | Address Range [
ADUCM3E0 128KkE Flash On-chip Flash 128k 00a0ananH - 0001FFFFH
Start, | 0x00000000 Size: |0x00020000
Add Remove
% oK. Cancel Help %
Figure 27. Finishing Target Driver Setup
10. In the C/C++ tab, add the include path as shown in
Figure 28.
11. Select OK. All the options should be properly configured

Rev.A |Page90of 16

to compile, assemble, link, download, and debug using
J-Link Lite.



http://www.analog.com/ADuCM360?doc=ug-457.pdf
http://www.analog.com/ADuCM361?doc=ug-457.pdf

ADuCM360/ADuCM361

W. Options for Target ‘Target 1° E
Device | Target | Dutput | Lising | User  C/Ce+ | Aam | Lirker | Debua| Utities |

Preprocessor Symbols

Deine: |
Undefine: |

Language / Code Generation
™ Stict NG C Warnings

etimzsbor: [Level 0600 <] arspaciied -

I Optimize for Time I™ Plain Char is Signed -

[~ Spiit Load and Store Multiple I”" Read-Only Position Independent [ Mo Auta Includes

[~ One ELF Section per Function I~ Bead'write Position Independent

I~ Enum Gontainer always int

Include
Paths

[

Mis
Contiols

Compiler |- ~cpu Cotes3 -D__EVAL -D_ MICROLIE -g -0D —-apes=interwork 1.4 hinclude - -~
canbiol [CAKeVABHARMVRYET G 4 CiKeil454ARMACMSIS includs | C:AKe4B4ARM ncaDl o
stiing v

10952-028

oK e ‘ Defaults | Help
Figure 28. Options for Target Setup

Adding Project Files

All the files relative to the project are in the folder
\ADuCMxxxV1.3\Code\ADuCM360\examples\Adc.

Copy the file
\ADuCMxxxV1.3\Code\ADuCM360\examples\Adc
\ADCMeter.c into the new directory C:\ \ADuCMxxxV1.3\
Code\ADuCM360\examples\ADIdemo.

1. To add the files to the project, right-click on the Source
Group folder in the Project window and select Add Files
to Group.

Project [QE]

] ﬁ Target 1
il cource Grou

;;\ Options for Group 'Source Group 1'..,

¥ Rebuild all target files

£ Build target F7

Add Group...
Add Files to Group 'Source Group 1'...

Remove Group 'Source Group 1" and its Files
ﬁ Manage Components...

v | Show Include File Dependencies

10952-029

Figure 29. Adding Files to the Project

Note that under Project>Manage, the option
Components, Environment, Books can be used to rename
the target and add the file relative to your project.

Fiojedt | Flsh  Detwg Penpherals Tooks  SYCS  Window el
Hew yiision Praged. sAP Qe
Hiew MultPrajest Workspase
| Open Fropect. .
b cosemagen ) i e )
e o
Expart bj 4 Plae 3
Manage v b compo 3
g
S

Selret Bevice for Taraet Tecaet 1

Figure 30. Renaming the Target

2. Add all the files listed in Figure 31 from the directory
\ADuCMxxxV1.3\Code\ADuCM360\common. The
Startup file is located in the RealView folder.

et

= E Target 1

-5 Startup

startup_ADUCM360.5
-5 Application
+ ADCMeter.c

=45 Common
AdeLib,c
ClkLib.c
DioLib.c
LtLib,
WwedtLib.c
Daclib.c

+]--[{ - F--F-F

10952-031

Figure 31. Project Files

3.  Double-click on the file name (ADCMeter.c) in the
Project window to open the source file.

Assembling/Compiling Code

To compile/link ADCMeter.c, click on the (translate current
file) icon in the toolbar. The file should compile correctly and
the information shown in Figure 32 should appear in the Build
Output window. If there are errors in your source code, these
appear in the status window. To identify the line of code that
corresponds to the error, double-click on the error in the Build
Output window and an arrow highlights the line of code in
error.

Before the code can be downloaded to the ADuCM360,
the entire project must be built. This is done by clicking on the

(rebuild all target files) icon on the toolbar. It will also
create a demo.elf file used by the debugger.

Build Qutput

Rebuild target 'Target 1°'
aZgenbling startup_ ADuCHMiel.s...
compiling ADCMeter.c...
compiling AdeLib.c...
compiling ClkLib.c...
compiling DioLib.c...
cowpiling UrtLib.c...

=]

=]

compiling WdctLib.c...

cowpiling DacLib.c...

linking...

Program Size: Code=6l152 RO-data=256 RW-data=20 ZI-data=1092
FromELF: creating hex file...

10952-032

"ADIdemo.axf” - 0 Erroris), 0 Warning(s).

Figure 32. Build Output
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Downloading/Debugging Code

ADCMeter.c startup_ADUCM350.5

51
. 52 woid delay(long int):
Select Start/Stop Debug or press the icon to start 55 wolatile unsigned char bSendResultToUART = 0; // Tlag uset
. . . . 54 unsigned char szTemp[64] = "7: /¢ Used to store |
debugging (start/stop debug session). The debugger indicates 55 unsigned char ucTxBufferEmpry = 0; // Used o indic
. . . 56 wolatile long ulADCiResult = 0Op /7 Variable ti
that you are using an evaluation version. Select OK. B olarile unoigned emar usComRx - O:
58 wolatile unsigned char ucADCOERR = 0O
52 float fWoltage = 0.0: A4 ADC valus cor
60 float fVolts = 0.0;
61
62 int mwain (wvoid)
' EVALUATION MODE 83 [H(
] Running with Code Size Limit: 32K Posa unsigned char i = 0;
65 unsgigned char nLen = 0;
13
Q &7 pADI_WDT —>T3CON = 0O;
3 55 DioGen|piDI_GF1, 0x5) ; /¢ Set PL,
s = WAty {TICON_FRE DIV, T3CCN_IRQ EN, TICON FD_DIS): // Dt
- 70 //Disable clock to unused peripherals
Flgul’e 33 Star“ng Debugglng 71 ClkDis=s (CLKDIS_DISSPIUCLKI CLKDIS_DISSPIICLKI CLKDIS_DISII
: 72 Clkag(CLK_CDU,CLK_HF,CLKSYSDIV_DIVZEN_DIS,CLK_UCLKCG] B
. . 73 ClkSel (CLE_cCD6, CLE_CD7, CLE_CDO, CLE_CD7) ; // select
1. Close the dlsassembly wmdow. 74 AdeGo (pADI_ADC1, ADCMDE_ADCMD IDLE) : f# Place ADC1
I® 75 UARTINIT() ; /¢ Init Dart
2.  Go to the ADCMeter.c file. % DACINITY) : /i comfim
. . . . . 77 ADCITNITY) : /¢ Setup LDCL
3. Setabreakpoint on the instruction UARTInit(). This o AIEGo [3ADT, ADC1, ADCHDE,_ADGHD,_CONT) /) srare i 3
: . s e . 79 NVIC_EnableIRQ(ADCI_IRGH) // Enanle ADC1 and 1§
is done by right-clicking on the line of code and then o NI b 1o TR (TART TRGR] | g
selecting insert/remove breakpoint or by double-clicking Figure 34. ADCMeter.c File
to the left of the instruction. Notice that the breakpoint
is indicated by a large red dot to the left of the line in Press the run code button =t twice. The program measures
Figure 34. the input signal applied across AINO and AIN1, converts this to

a voltage, and sends this information in an ASCII string to the

UART - baud rate 9600-8-N-1.

To stop the code from running, press ) .

To stop debugging, press
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IAR EMBEDDED WORKBENCH IDE

The IAR Embedded Workbench IDE integrates all the tools
necessary to edit, assemble, and debug code. The ADuCM360
development system supports nonintrusive emulation limited
to 32 kB code. This section describes the project setup steps
in order to download and debug code on an ADuCM360
evaluation system. Analog Devices recommends using the
J-Link debugger driver.

STARTING IAR EMBEDDED WORKBENCH

From the Start menu, choose All Programs>IAR Systems>
IAR Embedded Workbench for ARM 6.50>IAR Embedded
Workbench. This loads the Embedded Workbench IDE.

QUICK START STEPS

Follow the steps in this section to get up and running with the
example code provided with the evaluation software.

These steps use the default driver and compiler settings.

1. To open the prepared IAR example projects using the
Embedded Workbench tools, select File>Open>
Workspace. Open the file ADuCM360.eww in the

directory \ADuCMxxxV1.3\Code\ADuCM360\examples.

< ADUCKM IGO0 - IAR Embedded Workbench IDE

FEN Edit  Wiews Project Tools  Window Help

ew

Save Workspace
Close Workspace

Figure 35. IAR Embedded Workbench

10952-035

2. The workspace opens and the individual projects are
launched as shown in Figure 36.

3.

Waorkspace
| PowerDown - Debug v
Files g B2 A
B B ADuCk3IB0
= & Adc- Debug v

H= (1 Application
1 ADCKeter.c
& (] common
[JStartup_Code
= (] Output
H=1 (G ADC_DhA - ADCD v
H= (1 Application
[E1 ADCO_Dbdd.c
L— [ ADC1_DMA.c
& (] common
[JStartup_Code
= (] Output
=1 & Blink - Debug v
H= (1 Application
L— [ Blink.c
& (] common
= (] Starup code
&1 &) CH0300 - Debug v
H= (1 Application
F— [ FlashErasetrite.c
— B TempCalc.c
L [ Thermocouple_to_DAC.c
& (] common
= (] Starup code
=1 &) DAC_DMA - Debug v
H= (1 Application
L— E1DAC_DMAC
& (] common
[JStartup_Code
=1 () Flash - FlashSign v
H= (1 Application
FlashSign.c
— [ Flashiite.c
& (] common
[JStartup_Code
= (] Output W

[ Overview Ads | ADC_DMa | Bink | choaoo| ¢ 5

10952-036

Figure 36. Individual Projects

To change the selected project, select the required project
from the drop-down list.

PowerDown - Debug W

Ado - Debug
ADC_Dka - ADCO
ADC DA - ADCA

CMO300 - Debug
DAC_ DA - Debug
Flazh - FlazshSign
Flazh - Flashtafrite

FlachPratacrt - FlachProtact
Figure 37. Changing Selected Projects

10952-037

Choosing, for example, the Blink project, toggles the LED
connected to P1.3 on the EVAL-ADuCM360MKZ board.
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4. To compile all files, select Project>Rebuild All files.

ADuCM360 - IAR Embedded Workbench IDE

File  Edit ‘Wiew REiE] Tools Window Help
O o= G AddEles.
; add Group...
Import File List...
Files Edit Configurations...
B [EADUCM:
—&1 & Adc-
= [ Ap Create Mew Project. ..
., Add Existing Project...
g ;f” Options... ALT+F7
¥ (=
CO0u  Mersion Cankrol System 3
—HE G ADC_ Make .
(14D
’ Rebuid Al
a0 T Clean
= ;?r Batch buid... F&
¥ (=
3 Qi
—H lﬁg‘:k Download and Debug CTRL+D
pl Debug without Downloading
3 cow
[+
g gt: Download 3
EJ CMNO3|  SFR Setup 8
_E :
!—%l [(JAp| Open Device File 3 %

Figure 38. Compiling All Files

5. If the build is successful, the information is displayed in the
Build details window.

Messages

7 file(s) deleted.

Updating build tree...

ClkLib.c DioLib.c IntLib.c RstLib.cYWdtLib.c Blink.c
startup_ADuCh3I60.5

Linking

Blink.out

nurnber of erro

Total number of wamnings: 0

Build | Find in Files | Debug Lag

=

10952-039

Figure 39. Build Details

6. To program the device and to begin debugging the source
code, select Project>Download and Debug.

ADUCM360 - IAR Embedded Workbench IDE

File Edit ‘Yiew B Tools  Window Help
0O = G AddEies..
r add Group...
Blink - Debug
Files Edit Configurations. ..
B [E] ADuCM:
& Ef Adc -
= [ Ap Create Mew Project. ..
. Add Existing Project...
CIeor  ontions... ALT+FT
[ 5tz
[0y ersion Conkrol Syskem 3
2 @ ADC Make F7
= Ap
’ Repuild Al
0 T dean
+ ol ’
Batch build... F&
CaGte =0
30w
e @[_B::Ek ad and Debug CTRL+D
p| Debug without Downloading
(cor
[
g gt: Download »
= @) CM03) SR Setup g
FaC14p  open Device File -

Figure 40. Begin Debugging

This launches the debugger.

Fle Edt Yew Project Debug Disassembly Jink Tooks Window Help

NEZHEe & ® il
D= 240820
m—“. RTD_tospl.c | ADS421.c Eﬂﬂ
Blink - Debug k-
Fles £l = #include <. .%commontClkLib. ks
E%DAUS’T_Sggbug v #include <..%commontIntLib. b
#include <. .\common\DioLib. ki
SAE?C*DMA" v #include <. . %comnmon'iWdtLib, b
EBlink -D... #include <..\common\DioLib, k>
= & CNo30-.. v
E DAC_DMA v void delay(long int);
= (P Flash-Fla..
[P FlashProte .
F12C- Master « B int main (void)
[ 12CDRA,_ v {
ED12COMA_S... WALCEy (T3CON_PRE_DIV1,T3CON_IRQ_EN,T3CON
& PowerDow.. v DiaoDen{pADT_GPL,0x3) ;
@P’W’M*DE v SeDisable clock to wmused peripherals
ERTD Dem... v ClkDis (CLEDIS_DISSPIOCLK|CLEDIS_DISSPILCI
& SPI- Debug v ClECEg(CLE_CDO,CLK _HF,CLESTSDIV_DIVZEN DI
B SPIDMA_.. v :
EEPDMA_. v ‘{""19 th
gg:gr”;_cg'" : DioTyl(pADT GP1,0x8); // Toggle Pi..
delay(0xA0000) & SF Delay routine
EUARTDM... « v

Figure 41. Debugger

7. To begin code execution, select the Go icon,

e
F—

nl.
You should now see the LED toggle on your EVAL-
ADuCM360MKZ board.
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ELVES

USING ELVES.EXE WITH nVISION4

Elves is a useful tool for generating simple C function libraries
to get started on evaluating any peripheral. All the user needs
to do is choose the required parameters for each function

and Elves generates the C source code that configures all the
appropriate ADuCM360 registers.

1. In the folder, C:\ADuCMxxxV1.3\Software Tools\Elves,
open the file Elves.exe to launch Elves.

Selact Libessy

(Choose Funchon

Sinree Cordey

Choose Parameben

e |

Helgr

FlaHel|  Sehp £

Figure 42. Launching Elves

10952-042

2. To add a library, click Add and go to the directory
C:\ADuCMxxxV1.3\Code\ADuCM360\common.

A list of header files is available. Add the header file(s) that
you wish to use.

Select Library Source

Look in: |D COMMman
18R [En|Dastibuh

Library |AdcLibh

Files of type: | Header[" h]

j Cancel

Figure 43. Select Source Library

10952-043

For example, if the AdcLib.h library is added, the user can
generate functions to control the ADC.

Selact | brary

She | Unist | add |
[=] CVADGCHRR R L 3\ C0RM DTG0 connamy AB<EA
Choxe Function

|int AdeBins (ADT_J

_Typabel *ploct, ot iBiasPia, ins il

ACndBue} |

& ) “prost, 1 ¥
ARt AdeDatSTaADT_ADCETER_Typelef *sPorc)

ire AdctiagiADT_ADC_Typebad “phore, ine ibiag)

ikt AdsDmaCor (it Than, imt iEnable)

it AdePLu (ADI_ADC_Typabet *pPore, int AZF, int LAP, iw iPLCly)
tre kdeCa{ADT_AD Dat tphere, ime iftare)

TpRare. ine iMaki. ine 19F)

at vpost, in: iidestas

1084 or ADECEE_PINS
1536 oF ADCCC_PINSEL_AINAL to switch bias current te AINLL,

L_ATHT co ch biss currens o ATHT

10952-044

£ 'Hq S.!,‘.! J Ext |

Figure 44. List of Functions

Take, for example, the function AdcBias, in the Choose
Function section as shown in Figure 44. The user
configures the parameters to meet their needs and each
parameter is explained in the Source Code section of the
window shown in Figure 45.

EE&

Select Library
Show Unlist Add
[~ €2\ ADUCHxxxV1 . 3\ 20ds’ ADuCH260Y conmon’ AdaLib_ b

Chease Eunctian

|int 2dcBias(ADI_ADC_TypeDet =pPorc, imt iBiasPin, int iBiasBoost, int iGndsw) el
Source Code
@parem iBiasPin - {ADC_BIAZ OFF, ADCCFG_PINSEL_ATNT, ADCCFG_PINSEL_ATN11} ~

- ADCOCFG.8-10
- O or ADC_BIAS OFF to switch off bias.
- 1024 or ADCCFG_PTNSEL_ATH? to switch bias current to ATN7.
- 1536 or ADCCFG_PTNSEL_ATHLL to switch bias current to ATHLL
@parawm iBiasBoost :{ADC_BIAS X1, ADCCFE EOOSTLE, ADCKCFC EODST30} 5
- ADCOCFG.12
- 0 or ADC_BIAS X1 for normal Vbias.
~ 4096 or ADCCFG_BODSTLS te boost Wbias by 15 times.
- 8192 or ADCCFG_BOOST30 te boost Wbias by 30 times.
@parau iGndSw : {ADC_GND_OFF| ADCCFG_GNDSWON| ADCCFG_GHDSWRESEN}

[ Choose Parameter
B pRort iBisFin BiasBoost iGindSw %
AdeBias [ [nADI_ADCD ] [ . [ADC_BIAS 1 | - [ADC_GND_oFF )
Help
Fl=Hep|  Setup Eat
Figure 45. Source Code
3. Once satisfied with the register settings, select Copy and
then paste this function into your source code in Keil or
IAR as shown in Figure 46.
18 @
1682 | Adclski (0, ADC_N_FDY, 1):
183 | AdoF it {0, Ox7d, Oxd, FLT_NORNAL) :
184 | AdcBng (0, ADC_REF_INT, ADC_G16, ADC_INT) :
185 | AdePan (0, AINZ, AINOD) ¢ g
188 &
187 |ADCOMDE | = Ox100; §
Figure 46. Copying and Pasting Source Code
4. Before using the Help option, click Setup and point to the

following file: C:\ADuCMxxxV 1.3\Software
Tools\Elves\help docs\Docs\Start_P.html.
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WINDOWS SERIAL DOWNLOADER

The Windows® Serial Downloader for Cortex-M3 based parts
(CM3WSD) is a Windows software program that allows a user
to serially download Intel Extended Hex files as created by
assembler/compilers to the ADuCM360 via the serial port.
The Intel Extended Hex file is downloaded into the on-chip
Flash/EE program memory via a selected PC serial port.

PREPARING FOR DOWNLOAD

1. Connect the ADuCM360 mini-board (EVAL-
ADuCM360MKZ) to the emulator board, and the emulator
board to the PC using a USB cable.

2. Ensure all the links are inserted on both boards.

3. Place the ADuCM360 into serial download mode using the
following sequence:
e Pull P2.2 low.
e  Pull the RESET pin low and then high (float).
e  P2.2 can be left floating once RESET is high.

DOWNLOADING USING CM3WSD

1. In the software tools \CM3WSD folder, open the file
CM3WSD.exe.

2. Select the file at C:\ADuCMxxxV1.3\Code
\examples\Adc\AdcExample.hex.

3. Inthe Serial Port drop-down menu, select the JLink
CDC UART Port and a baud rate of 38400.

4.  Select Start. The CM3WSD sends a reset command to
the ADuCM360. If the ADuCM360 is in serial download
mode, and the COM port between the PC and the mini-
board are setup correctly, then the CM3WSD should start
downloading the hex file and display a progress bar while
the file is downloading. Once the file has been successfully
downloaded, the monitor status box is updated with
Flashing Complete Click Reset to run program.

RUNNING THE DOWNLOADED FILE
Running Using the CM3WSD

Select Reset with P2.2 floating or pulled high. The monitor
status box updates with the message: Running.

Manual Run Option

Pull RESET low, then high (or float) on the mini-board (EVAL-
ADuCM360MKZ) to reset the ADuCM360, with P2.2 floating
or pulled high. The program starts running automatically.

% CM3WSD =]

File to download

Serial Part

|C. SADUCK s 1. IvcodebAD uCk 360hexamples AdehObj\adcE xample. hex

Browse..

Baudrate

= |

| Frogram
[~ Autorun I Autoflash

Monitor Status

| 38400 ~|

Click Start.

Connect test board to PC COM1 at 32400 Baud,

COM1 doesn't exist anymare. Please select anather COM port

R

Exit

10952-047

Figure 47. Preparing for Download

Rev.A | Page 15 of 16



http://www.analog.com/ADuCM360?doc=ug-457.pdf
http://www.analog.com/ADuCM361?doc=ug-457.pdf
http://www.analog.com/ADuCM360?doc=ug-457.pdf
http://www.analog.com/ADuCM360?doc=ug-457.pdf
http://www.analog.com/eval-aducm360?doc=an-457.pdf
http://www.analog.com/eval-aducm360?doc=an-457.pdf
http://www.analog.com/ADuCM360?doc=ug-457.pdf
http://www.analog.com/ADuCM360
http://www.analog.com/ADuCM360?doc=ug-457.pdf
http://www.analog.com/eval-aducm360?doc=an-457.pdf
http://www.analog.com/eval-aducm360?doc=an-457.pdf
http://www.analog.com/ADuCM360?doc=ug-457.pdf

ADuCM360/ADuCM361

NOTES

I2C refers to a communications protocol originally developed by Philips Semiconductors (now NXP Semiconductors).

ESD Caution
ESD (electrostatic discharge) sensitive device. Charged devices and circuit boards can discharge without detection. Although this product features patented or proprietary protection
m circuitry, damage may occur on devices subjected to high energy ESD. Therefore, proper ESD precautions should be taken to avoid performance degradation or loss of functionality.

Legal Terms and Conditions

By using the evaluation board discussed herein (together with any tools, components documentation or support materials, the “Evaluation Board”), you are agreeing to be bound by the terms and conditions set
forth below (“Agreement”) unless you have purchased the Evaluation Board, in which case the Analog Devices Standard Terms and Conditions of Sale shall govern. Do not use the Evaluation Board until you have
read and agreed to the Agreement. Your use of the Evaluation Board shall signify your acceptance of the Agreement. This Agreement is made by and between you (“Customer”) and Analog Devices, Inc. (“ADI"),
with its principal place of business at One Technology Way, Norwood, MA 02062, USA. Subject to the terms and conditions of the Agreement, ADI hereby grants to Customer a free, limited, personal, temporary,
non-exclusive, non-sublicensable, non-transferable license to use the Evaluation Board FOR EVALUATION PURPOSES ONLY. Customer understands and agrees that the Evaluation Board is provided for the sole and
exclusive purpose referenced above, and agrees not to use the Evaluation Board for any other purpose. Furthermore, the license granted is expressly made subject to the following additional limitations: Customer
shall not (i) rent, lease, display, sell, transfer, assign, sublicense, or distribute the Evaluation Board; and (i) permit any Third Party to access the Evaluation Board. As used herein, the term “Third Party” includes any
entity other than ADI, Customer, their employees, affiliates and in-house consultants. The Evaluation Board is NOT sold to Customer; all rights not expressly granted herein, including ownership of the Evaluation
Board, are reserved by ADI. CONFIDENTIALITY. This Agreement and the Evaluation Board shall all be considered the confidential and proprietary information of ADI. Customer may not disclose or transfer any
portion of the Evaluation Board to any other party for any reason. Upon discontinuation of use of the Evaluation Board or termination of this Agreement, Customer agrees to promptly return the Evaluation Board
to ADI. ADDITIONAL RESTRICTIONS. Customer may not disassemble, decompile or reverse engineer chips on the Evaluation Board. Customer shall inform ADI of any occurred damages or any modifications or
alterations it makes to the Evaluation Board, including but not limited to soldering or any other activity that affects the material content of the Evaluation Board. Modifications to the Evaluation Board must comply
with applicable law, including but not limited to the RoHS Directive. TERMINATION. ADI may terminate this Agreement at any time upon giving written notice to Customer. Customer agrees to return to ADI the
Evaluation Board at that time. LIMITATION OF LIABILITY. THE EVALUATION BOARD PROVIDED HEREUNDER IS PROVIDED “AS IS” AND ADI MAKES NO WARRANTIES OR REPRESENTATIONS OF ANY KIND WITH
RESPECT TO IT. ADI SPECIFICALLY DISCLAIMS ANY REPRESENTATIONS, ENDORSEMENTS, GUARANTEES, OR WARRANTIES, EXPRESS OR IMPLIED, RELATED TO THE EVALUATION BOARD INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTY OF MERCHANTABILITY, TITLE, FITNESS FOR A PARTICULAR PURPOSE OR NONINFRINGEMENT OF INTELLECTUAL PROPERTY RIGHTS. IN NO EVENT WILL ADI AND ITS
LICENSORS BE LIABLE FOR ANY INCIDENTAL, SPECIAL, INDIRECT, OR CONSEQUENTIAL DAMAGES RESULTING FROM CUSTOMER'S POSSESSION OR USE OF THE EVALUATION BOARD, INCLUDING BUT NOT LIMITED
TO LOST PROFITS, DELAY COSTS, LABOR COSTS OR LOSS OF GOODWILL. ADI'S TOTAL LIABILITY FROM ANY AND ALL CAUSES SHALL BE LIMITED TO THE AMOUNT OF ONE HUNDRED US DOLLARS ($100.00).
EXPORT. Customer agrees that it will not directly or indirectly export the Evaluation Board to another country, and that it will comply with all applicable United States federal laws and regulations relating to
exports. GOVERNING LAW.This Agreement shall be governed by and construed in accordance with the substantive laws of the Commonwealth of Massachusetts (excluding conflict of law rules). Any legal action
regarding this Agreement will be heard in the state or federal courts having jurisdiction in Suffolk County, Massachusetts, and Customer hereby submits to the personal jurisdiction and venue of such courts. The
United Nations Convention on Contracts for the International Sale of Goods shall not apply to this Agreement and is expressly disclaimed.
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