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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
(ADCs), 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 applications. The ADuCM361 contains
all the features of the ADuCM360 except that only ADCI is
available.

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 CD 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 a stage whereby
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 USB-SWD/UART Board and EVAL-ADUCM360MKZ Board
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BEFORE SOFTWARE INSTALLATION

MINI-KIT CONTENTS
The mini-kit contains the following:

e A mini-board (EVAL-ADUCM360MKZ) that facilitates
performance evaluation of the device with a minimum
of external components. The mini board schematic is
available after installation of the software in the document-
tation folder.

e An interface board (USB-SWD/UART) that connects to a
PC USB port via a USB cable

e  AJ-Link Lite debug/programming board

e 2 USB cables

e A CD that provides documentation and software. The
documentation and software is also available on the FTP
site which should be opened in Windows Explorer.

EVALUATION HARDWARE

The EVAL-ADuCM360QSPZ is an evaluation kit for the
ADuCM360 and ADuCM361. This kit features a mini-board
(EVAL-ADuCM360MKZ), an interface board (USB-
SWD/UART) that connects to a PC USB port via a USB cable,
and a J-Link Lite debug/programming board. A comprehensive
set of development tools is included on the CD.

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:
\ADuCM360V1.0\Documentation\Evaluation Board.

The USB-SWD/UART interface board interfaces a PC USB
port to the ADuCM360 mini-board, providing a power
supply, UART communication, and debugging capability.
The board schematic is also available on the CD in the
documentation folder.
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Figure 2. USB-SWD/UART Board
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Figure 4. USB-SWD/UART Board and EVAL-ADUCM360MKZ
and J-Link Lite Board

Required software for the USB-SWD/UART-CONVZ is
included in the software installation.

Assembling the Hardware

Do not plug in the mini-kit before the software is installed. See
the Software Installation section.
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SOFTWARE INSTALLATION

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

COPYING CONTENTS FROM CD OR THE FTP SITE

Before you begin, open the FTP site in Windows Explorer.
Then, follow Step 1 through Step 5.

1.
2.

Close all open applications.

Insert the development system CD into you CD ROM
drive and copy the entire folder (ADuCM360V1.0) into
your root directory. Optionally, download the entire
ADuCM360V1.0 folder from the FTP and save it to your
root directory.

Although you can install the development system, the IAR
Embedded Workbench®, and Keil™ software onto any hard
drive and into any directory you wish, for the purposes of
simplicity, this guide assumes that you have installed at the
default location of C:\ADuCM360V 1.0, 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.

To reduce the download time, consider excluding either
the IAR or Keil folders depending on which development
environment you chose to use.

If you chose the IAR tools, these will be installed by default
into \Program Files\IAR Systems\Embedded Workbench
6.4 Kickstart.

SUMMARY OF PROGRAMS TO BE INSTALLED
AFTER THE DOWNLOAD

Ensure that Step 1 to Step 5 are completed before plugging any
of the supplied hardware to your PC USB ports.

1.

J-Link driver for J-Link Lite programming debug device.
In the folder ADuCM360V1.0/Segger, you will find the
following executable: Setup_JLinkARM_V451g.exe. Run
this executable, to install the drivers for the J-Link Lite.

Drivers for USB-SWD/UART board. This board with the
evaluation kit allows communications to a PC USB port.
To install the drivers for this USB interface, run the
executable CDM20814_Setup.exe from the
\ADuCM360V1.0\Documentation\Evaluation
Board\USB-SWD_UART folder.

Install the development toolset. There are two options:
Keil’s pVision or IAR’s Embedded Workbench.

If you want to use Keil pVision4 for compiling/debugging
and code development, a 32-kB limited version is provided
in the \ADuCM360V1.0\Keil folder. Just run the
mdk454.exe to install this version of Keil uVision.
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If you want to use IAR’s Embedded Workbench for
compiling/ debugging and code development, a 32-kB
limited version is provided in the IAR folder on the FTP
site. Just run the EWARM-KS-CD-6402.exe to install this
version of the IAR Embedded Workbench.

CM3WSD. The folder \ADuCM360V1.0\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. No
installation is required here but, you may want to add a
shortcut link for this executable to your desktop.

Elves. In the \ADuCM360V1.0\Software Tools\Elves
folder you will find the elves.exe files. These files are useful
tools that accompany the software function libraries in
\ADuCM360V1.0\Code\common. Again, no installation
is required here, but you may want to add a shortcut link
for this executable to your desktop.

INTALLING THE J-LINK LITE DRIVER

Installing the J-Link Lite driver is a four-step process.

1.

Run the executable Setup_JLinkARM_V451g.exe located
in the \ADuCM360V1.0\Segger folder.

Follow the sequence of instructions that display until the
software is installed.

Once software installation is completed and closed down,
plug in J-Link Lite via the USB ports.

Check that it appears in the Windows Device Manager.

L Device Manager

File — Action View Help

HES 20 A8 =38

+ System devices ~
é Unlversal Serial Bus controllers
= Generic USE Hub
= Intel(R) ICHS Family USE Universal Host Controller - 2934
= Intel(R) ICHS Family USE Universal Host Contraller - 2935
= Intel(R) ICHS Family USE Universal Host Controller - 2936
= Intel(R) ICHS Family USE Universal Host Controller - 2937
= Intel(R) ICHS Family USE Universal Host Contraller - 2938
= Intel(R) ICHS Family USE Universal Host Contraller - 2933
InbeI(R) ICHS Family USE2 Enhanced Host Controller - 2334
o H& Family USB2 Enhanced Host Controller - 293C

= USE Root Hub
= LUSE Root Hub
= LUSE Root Hub
= LUSE Root Hub
= LUSE Root Hub
=+ USB Root Hub 4
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Figure 5. Device Manager
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INSTALLING THE USB-SWD/UART DRIVER
INSTALLATION

Installing the USB-SWD/UART driver is a four-step process.

1.

Run the executable CDM20814_Setup.exe from the
\ADuCM360V1.0\Documentation\Evaluation Board\
USB-SWD_UART folder.

A CMD window opens automatically to install the drivers
and should finish by displaying this message shown in
Figure 6.

ICUME-1\MLooney 2\ OCALS - 1\Temp\DPInst_Monx86.exe

t 05 detected
DOGUME™1 \MLoone y2\LOCALS "1 \Tenp \DPInstx86 .exe"
Installing driver

[FTDI CDM Driver Installation process completed.

10952-006

Figure 6. CMD Window

Once this has completed and closed down, plug in J-Link
Lite via the USB ports.

Check that it appears in the Windows Device Manager as
shown in Figure 7.

£, Device Manager

File Acton View Help
&g 2

&9 IEEE 1394 Bus host controllers

Z» Keyboards

"} Mice and other pointing devices

# Monitors
B8 Metwork adapters

B PCMCIA adapters
o Ports (COM &LPT)

# Intel(R) Active Management Technology - SOL (COMS)

+| %% Processors
+ ?) Secure Digital host controllers
+- & Smart card readers
+-8), Sound, video and game controllers

+ System devices
+ Universal Serial Bus controllers

7] [~
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Figure 7. USB Serial Port Displays

INSTALLING THE KEIL pVISION4
Installing the USB-SWD/UART driver is a seven-step process.

1.

3.

The Keil pVision4 installation is initiated by running the
mdk454.exe file from the \AADuCM360V1.0\Keil folder.
A message appears to confirm that the installs have been
selected.

Setup MDK-ARM V4,54 3
‘Welcome to Keil p¥ision Dz KE I E

Release 7/2012 Tools by ARM

This SETUP program installs:
MDK-ARM V¥4.54

This SETUP program may be used to update & previous product installation
However, you should make a backup copy before proceeding.

Itis recommended that you exit all Windaws programs befors continuing with SETUF:

Follow the instructions ta complts the product installation.

| Met>r | [ Cancel
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Figure 8. Confirmation Message
Select Next and follow the instructions displayed.

Note that versions V4.54 and earlier of Keil uVision need
additional files to support the ADuCM360. Your uVision
installation can be updated to support the ADuCM360 by
running the ADuCM360KeilUpdateForMDKv454.exe
from the \ADuCM360V1.0\Keil folder. In the next
window (see Figure 9), set the destination folder as the
folder where you have just installed Keil y(Vision.

Setup ADUCM360 Keil Update ¥1.01 X

ANALOG
DEVICES

Folder Selection

Select the folder where SETUP will install files.

SETUP will install p¥isiond in the fallowing folder.
Ta install to this folder, press 'Nest'. To install to a different folder, press ‘Browse' and select another

folder

Destination Folder

el Browse .

<< Back Next > I Cancel

10952-009

Figure 9. Folder Selection

When plugging in the J-Link Lite emulator for the first
time, the window shown in Figure 10 appears.
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Found New Hardware Wizard

Welcome to the Found New
Hardware Wizard
This wizard helps you install software for

J-Link

{*) ¥ your hardware came with an installation CD
2 or floppy disk. insert it now.
What do you wart the wizard to do?

(@ Install the software automatically (Recommended)
) Install from a list or specific location (Advanced)

Click Mext to continue.

Figure 10. Found New Hardware Wizard Welcome

10952010

4.  Select Install from a list or specific location and Next.
5.  Select Include this location in the search and enter the

path of the USB driver: C:\Program Files\SEGGER\

JLinkARM_V451g. Then, select Next.

6. In the Hardware Installation window, select Continue

Anyway.

Hardware Installation

AN

The software you are installing for this hardware:
J-Link driver

has not passed Windows Logo testing to verify its compatibility
with Windows XP. (Tell me why this testing is important )

Continuing your installation of this software may impair
or d bilize the: ct op: ion of your =y

either immediately or in the future. Microsoft strongly
recommends that you stop this installation now and
contact the hardware vendor for software that has
passed Windows Logo testing.

[ Cortinue Anyway ] l STOP Installation

Figure 11. Hardware Installation
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7. When the Found New Hardware Wizard window (see
Figure 12) appears, select Finish.

Found New Hardware Wizard

Completing the Found New
Hardware Wizard

The wizard has finished installing the software for:

g J-Link: driver

Click Finish to close the wizard

Figure 12. Found New Hardware Wizard Complete

INSTALLING THE IAR EMBEDDED WORKBENCH

The IAR Embedded Workbench is required for building the
supplied examples, and also to download and debug appli-
cations via the serial wire interface.

An evaluation version of the IAR Embedded Workbench is
included in the IAR folder on the FTP site.

The IAR Embedded Workbench is a complier/debugger toolset
that can be used for building the supplied IAR examples, and
also for downloading/debugging of applications via the serial

10952-012

wire interface.
To install the IAR Embedded Workbench

1. Copy the file EWARM-KS-CD-6402.exe from the FTP
folder to your PC and double-click on this file.

2. Follow the on-screen instructions. The JAR Embedded
Workbench requires registering on the IAR website to
obtain a free license key.
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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, Inc., recommends using the J-Link debugger driver.

QUICK START STEPS
Starting uVision4

From the Start menu, choose All Programs>Keil pVision4.

This loads the uVision4 IDE. The pVision4 executable is

located at C:\Keil\UV4\Uv4.exe.

1.

2.

Project

To open one of the prepared Keil pVision example projects

in uVision, select Project>Open Project.

Flash Debug Peripherals Tools SWCS  Window Help
Mew pVision Project...

Mew Multi-Project Workspace..,

Cpen Project...

Close Project
Export
Manage

Figure 13. Open an Example Project

In the folder \ADuCM360V1.0\Code\examples\

RTD_Demo, select the file RTD_Demo.uvproj. This

opens the RTD example project.

10952-013

(™| C:AADUCM3IB0Y 1. 0VCodelexamples\RTD_Demo‘RTD_Demo. uvproj - p¥isiond

File Edit View Project Flash Debug Peripherals Tools SVCS  Window Help
DS a4 0@ o =
@ \_‘I ?%‘I Target 1 - ,7;\ ﬁ
_ o [] system_ADUCM360.h Texclibe | [
= E Target 1 123 AdcRng (pADI_ADCI, ADC
=425 Startup_Code 124 AdoBuf (pADI ADC1, ADCCE
startup_ADUCM360 5 125 AdcPin(pADI_ADCI, ADCCC
=425 Application 1za biendResultToUART = 0O;
! RTD_Demo.c iz7 AdeGo (pADT ADC1, ADCMDE
=25 comrmon 1zs ucCounter = 0O;
+ UrtLib.c iz9 while [ h3endResultTol
+ Adelib.c 130 i
! ClLib.c 131 LdeGo (pADI ADC1, ADCHI
+ Daclib.c 132
] DioLib.c 133 for (ucCounter = 0; 1
-+ Texclib.c 134 [ {
+ ‘wdtLib.c 135 TVAINL_AGND += ({1
134 3
LET de
138 hSendResultToTART = C

Figure 14. RTD Example Project

6.

10952-014

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

Once the build has completed, the code shown in Figure 15
appears.

Build Output

a3sembling startup_ADuCM3ed.s...

cowmpiling RTD Demo.c...

compiling UrtLib.e. ..

compiling AdcLib.o

compiling ClkLib.c

cowpiling DacLib.c...

cowpiling DioLikb.c...

compiling IexcLib.c...

compiling WdtLikb.c...

linking...

Program Size: Code=11012 RO-data=556 Ri-data=56 II-data=17:Z&
FromELF: creating hex file...

"RTD Demo.axf" - 0 Erroris), 0 Warningis).

10952-015

Figure 15. Build Output

To download the code to the EVAL-ADUCM360MKZ
board and begin a debug session, connect the J-Link Lite
EVAL-ADUCM360MKZ and USB-SWD/UART boards
together, and then connect these boards to your PC.

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 16 appears.

%]

p¥ision

EvALUATION MODE

BAY

Running with Code Size Limit: 32K

Figure 16. Evaluation Mode

Begin debugging your source code.

LE R VR

.

AOx00a004E0
Y

FF Flase ADCL in fdie mode

L aacioenn (2 Addine (3

Figure 17. Debug Source Code

Rev. 0 | Page 7 of 20
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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  TFile toolbar
e  Build toolbar

The File toolbar is always available. The Build toolbar is active
only when the IDE is in edit/compile mode. When a debug
session is started, the debug toolbar appears. The debug toolbar
is active only in download/debug mode.

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

‘Eroject‘ Debug Flash Peripherals Tools SVCS Window Help

| New p¥ision Project... ‘

New Project Workspace. .,
Import pVision1 Project...
COpen Project. .

Close Project

10952-018

Manage J

Figure 18. Project Menu

2. Create a new folder (ADIdemo). To do so, go to
C:\ADuCM360V1.0\Code\examples\ADIdemo and enter
Demo as the project name. When asked to Select a CPU
Data Base File, select ADuCM360.

Select a CPU Data Base File

oK Cancel |

Figure 19. Select a CPU Data Base File
3. Select the ADuCM360 as the target device.

10952-019

Select Device for, Target ‘Target 1. El
U |

Vendor  Analog Devicss
Devics:  ADUCM380

Toolset:  ARM

Data base Deseription:

(=% fnalog Devices [ARM 32 bit Corter M3 Miciocontralier, 16 MHz, 128kB Flash, BkE SRAM,
o IPEET Nested Interrupt Conicller. Power 5aving Modes. SwD

Figure 20. Select Device for Target

10952-020
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4.

b

Select No to the question that appears (see Figure 21). This
indicates you are not automatically including the startup
file startup.s to your project.

:?() Copy ADUCM360 Startup Code ko Project Folder and Add File ko Praject #

=
tn
n
E|
=]
10952-021

Figure 21. 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
=Y [r. ]
¥ Target1 i
9_ b File Extensions, Books and Environment... g
Configure file extensions, books and 8
enviranment %
Figure 22. File Extensions, Books and Environment
For this demo, select the Use RealView Compiler, under
the Folders/Extensions tab.
Components, Environment and Books E|
Project Components  Folders/Bxtensions | Books |
Development Tool Folders Default File Extensions:
’_ C Source: ["¢
Tool Base Folder: [C-\Kei\ARM J Ce+ Source: ["con
Bi: | ||| Ao Soures: [fa e e
inc: | J Object: [Fobi
Lig: | J Liorery: [
Refile: | [=] Document: [[54: R ine
Select ARM Development Tools
W o e ResiVisw Folder: [BIN2T [=]
e GNU GNW-Tool-Prefi
" Compler
GHL-Teal Folder: | [l
Figure 23. Components, Environment and Books
Right-click on Target1 and select Option for Target1 to

configure the settings for this project. By default, pVision4
uses the RealView compiler.

o Select the Target tab.

e Add 0x00000000 into the R/O Base and 0x20000000
in to the R/W Base to indicate to the compiler the
Flash and RAM start addresses.

e  Ensure the IROM1 and IRAM1 Start and Size fields
are filled in correctly.

e  Ensure that the Use MicroLIB option is enabled.
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8.

9.

W. Options for Target "Target 1"
Devics Target | Output | Listing | User | C/Ce+ | dam | Linker | Debug | tites |

Analog Devices ADUCM360
Code Generation

wral (MHz] [16.0
Operating system: | None S

Systemiewer File | Sfr)

I~ Use Cross Module Optimization
v {se WicioliE: r

Read/Only Memory dreas Read/Wite Merory Areas
default  off-chip Start Size Startup default  off-chip Start Size Nolrit
I ROMI - R r
I ROM2 s T Ramz r
I ROM3 e [ r
an-chip on-chip
& moM: |00 0¢20000 I % IRa: [DA20000000 (2000 r
r IROM2: (o r IR&MZ: I
[ Cancel ‘ Diefauls ‘ Help

Figure 24. Options for Target

10. If you have an emulator, power up the evaluation board via
the USB connection and the interface board. Connect the

interface board to the J-Link Lite, and connect J-Link
to your PC’s USB port using a USB cable.

Note that an LED on the J-Link Lite emulator blinks
several times before staying on, indicating that the
emulator is communicating correctly with the PC.

Configuring the J-Link Debugger Driver

Select the Linker tab and then select Use Memory Layout

from Target Dialog.

Options for Target “Target 1°

Device| Target | Dutput| Listing | User | C/Ces | bom  Linker | Debug | Uities |

¥ Use Memory Layout from Target Dialog
[ Make R\ Sections Position Independent
I Make RO Sections Position Independent
I Don't Search Standard Libraries

R/0 Base:
R/ Base

I Feport might fail Condiions as Erars s e o

Seatter
File:

I

:

Misc:
conlrols

Linker
control
sting

~device DLM * o —strict -scatter "Test] st
-autoat -summany_stder ~infa summarysizes -map el ~calgraph ~spmboks

i Cancel | Defauts |

Help

Figure 25. Options for Target

In the Output tab, select Create HEX File. The hex file can

be used by the I’'C downloader.

Options for Target “Target 1°

Device | Taiget Output | Lising | User | C/Ces | #om | Linker | Debug | Utities |

Select Falder for Objects..

(¢ Create Executable: MADIDEMOD

¥ DebugInformation

W Brawse Information

" Cieate Library: \ADIDEMO.LIB

Mame of Executable: [ADIDEMO

I™ Create Batch File

&

oK. Cancel | Dafauits | Help
Figure 26. Output Tab

Lite

to
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1. Right-click on Targetl and select Option for Target1
configure the settings of this project.
. 2. Inthe Debug tab, select Use: and then select J-LINK/
8
8
g J-Trace Cortex.
g
W. Options for Target Target 1° 3
Device | Target | Dutput| Lising | User | C/Ces | Asm | Linker  Debug | Ut |
£ Use Simulator Setings | & Use: [-UNK /T race Carten <] selings |
I™ Limit Speed to Real-Time RDI Interface Driver ~
Alvera Blaster Cortex Debugger
W Load bpplication al Startwp ¥ Run to main() ¥ Load T OD) g man()
Initiglization File: [LGEEEN J-LINK 7 J-Trace Cortex
T-Link (D ted Version)
[ \ LN Ho Eovon Sebogoer ||
NULink Deb:
Fiestore Debug Session Settings Restorg SiLaL”S USA“DQEQELDW
W Breakpoints W Toolbox W Bn é%;gknfﬁlagg;l 3
F Walch Windaws & Performance Andyzer R e
W Memary Display W Memary Display
CPUDLL: Parameter: Driver DLL: Parameter:
[SARMCMI.DLL | [SARMEM3DLL |
Dialog DLL: Parameter: Dialog DLL: Parameter:
‘DLM DLL |pEMEEF( ‘TLM DLL |pEMEEF(
oK. Carcel | Defaulte \ Help
Figure 27. Choose a Debugger
3. Select Settings in Figure 27 and then configure as shown in
<
3 .
g Figure 28.
8
g
Cortex JLink/JTrace Target Driver Setup E
Debug | Trace | Flash Downioad |
J-Link / J-Trace Adapter St Device
70000832 - IDCODE Device MName
Device: MID&S SWD | @ 042BADT4T7  ARM CoreSight SW-DP J
Hw ¥8.00 di: | vas0
P/ J-Link ARM V8 compiled Jul
Fart b ax Clock:
Sw - 2MHz - (o
Auto Clk
Debug
Connect & Reset Options Cache Optiorss Dowrload Options
ECER 201 Halt after Kemel v Cache Code I Werity Code Downlaad
[¥ Fieset aiter Connect ¥ Cache Memory | | [ Download to Flash
Interface TCPAP Misc
& use © TCPAR Metwork Setiings
|P-Address Port futo: 0) Autodetect JLink Info
Scan .
4 ALink Cmd
Shate: ready
Cancel Help
Figure 28. Target Driver Setup
8
g8
&
g 4. Under Utilities, select Use Target Driver for Flash
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2ations. (ot farget TargeL | X Add Flash Programming Algorithm F§|
Device | Target | Output | Listing | User | C/C++ | Asm | Linker | Debug Utites | R
[ S — Lzl [_DeviceType | DeviceSze |4

[FLK /T Cotenv] Setivas | ¥ Update Targe bedors Dsbugging 2':“”3 =56kB F' ”'Ch 'a‘*h =56k
S o e | ADUCMzx 120kE Flash (v11)  Orechip Flash 126k
P 4294128 Flash Ext. Flash 16-bit 1EM
" L ATSAMIN 128kE Flash Or-chip Flash 128k
e ATSAMIN 256KE Flash Orvchip Flash 25EK,
Auguanerts| e e Dminer ATSAMIN B4kE Flash On-chip Flash B4k

- ATSAMIN GPMYM bits Drichip Flash 16
ATSAM33 128K Flash On-chip Flash 128k
ATS4M35 256kB Flash Drichip Flash 256k,
ATSAM33 512KE Flash On-chip Flash 512k

ATSHM35 G4kB Flazh Drichip Flash 64k,

ATSAMIS GPMYM bits On-chip Flash 16
< ATSOMI 128K Flash Drichip Flash 128k,
H ATSAM3U 128kB FlashBan..  Orechip Flash 128k

I3 Concel | Dot | Heb g ATSAMIU B4 Flash Dn-chip Flash B4k v
Figure 29. Continuing with Target Driver Setup i Cancel
5.  Select Settings to display the dialog box shown in
Figure 30. Figure 31. Add Flash Programming Algorithm
Luink{Irnce Coctex. Lorgst Divet Setup e 8. Select OK when the window shown in Figure 32 appears.

Dehugl Trace Flash Download

Download Function RéM for Algorithm jLink/jTrace Cortex-M Target Driver Setup E

LORD " Erase Full Chip W Program
“ @ Erase Sectors [V Verify Start: |0x20000000 Size: | 00800 Debug] Trace Flash Download 1
" DorotErase [~ Aesst and Aun

Download Function R for Algorithm
Programming Algarithm Lopn  © ErassFulChip ¥ Program
Description \ Device Type Device Size Addiess Range ‘i & Erase Sectors v Werily Start: | 0x20000000 Size: |0=0800

" DonotErase | Resetand Run

Programming Algorithm

Deescription ‘ Device Type Device Size. Address Aange
ADUCMz# 128KE Flash On-chip Flash 128k 00000000H - 0001 FFFFH

Start Size;
Add

Start: [0x00000000 Size: | 000020000

Edd T Fiemove

Figure 30. J-Link/J-Trace Cortex Setup
6. Select Add to display the window shown in Figure 31. = — e

7. Select the driver for the generic that you are evaluating.

For this example, use ADuCMxx 128kB Flash and then
select Add. 9. Select OK. All the options should be properly configured

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

10. Inthe C/C++ tab, add the include path as shown in
Figure 33.

Figure 32. Finishing Target Driver Setup
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¥ Optians for Target Target 1 & Note that under Project>Manage, the option
Device | Target| Output| Listng | User  C/C++ | asm | Linker | Diebug | Wtiies | Components, Environment, Books can be used to rename
REzEeea i the target and add the file relative to your project.
Define
Undefine: : Frogect | Flash  Debug  Peripherals  Tools SWCS  Window  Help

ajest

Language / Cade Generalion

[~ Shict ANSI C Warhings: [ commaer.
Optinization: [Level 0100+ | I Enum Container akways int unspeciieds v Dee Projest .
I~ Optirize for Time I~ Plain Char is Signed r tamant j §
I~ Split Laad and Stare Multiple ™ Read-Dnly Position Independent ™ NoAuto Includes a0l §
I™ One ELF Section per Function I~ EeadWite Fosiion Independent  Seieet Deviee for Tavael Tacaet 1 ]
Include r Figure 35. Renaming the Target
Paths
comee | 2. Add all the files listed in Figure 36 from the directory
oo [ SRR T | SR AB AN e AR SAASIA M eAdDl \ADuCM360V1.0\Code\common.
sting v
g Project %
I ‘ Defaults | Help 8
Figure 33. Options for Target Setup ~ 5 Startup Code
Adding Project Files &] startup_ADUCM3E0.5
. . . = Applicati
All the files relative to the project are in the folder ? p:;é;';ter .
\ADuCM360V1.0\Code\examples\Adc. '
=5 common
Copy the files +- ] WwdtLib.c
\ADuCM360V1.0\Code\examples\Adc \ADCMeter.c +- ] witLib.c
into the new directory +)-[#] AdeLib.c
< ;
C:\ADuCM360V1.0\Code\examples\ADIdemo. * % Elk]-l'_l?":'l':
+- | ] Daclib.c
1. To add the files to the project, right-click on the Source +|-- ] DiaLib.c
Group folder in the Project Workspace and select Add +|-[#] GptLib.c
Files to Group. +- [ #] T2cLib.c
Project Workspace x + 3 Texclib.c
- ﬁ g~ - + 3 [ntLib.c
- +- [ &] PemLib.c
! Options for Group 'Source Group 1' - 3 FestLib.
+- ] SpiLib.c
+-[#] UrtLib.c g

Figure 36. Project Files

Rebuild target
Build target F7 3. Double-click on the file name (ADCMeter.c) in the

Workspace window to open the source file.

Mew Group
| Add Files to Group 'Source Group 1"
A4 Manage Components

Remove Group "Source Group 1' and it's Files

10952-033

Indude Dependencies
Figure 34. Adding Files to the Project
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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 37 will appear

in the build output window. If there are errors in your source
code, these will appear in the status window. To identify the line
of code that corresponds to the error, double click on the error
in the Output window and an arrow will highlight the line of
code in error. Before the code can be downloaded to the
MicroConverter, 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 Output

Rebuild target 'Target 1'
assenbling startup_ ADucCHM360.=...
cowmpiling ADCHMeter.c...
compiling WdtLib.o...

compiling WutLib.
compiling AdeLib.
compiling ClkLib.
cowmpiling DacLib.
compiling DioLib.
compiling GptLib.
compiling IZcLib. ..
compiling IexcLib.c...
compiling IntLib.
compiling PumLib.
compiling RscLib.
cowmpiling SpiLib.
cowmpiling UrtLib.
linking. ..
Program Size: Code=5868 RO-data=Z56 Ri-datsa=20 ZI-data=1092Z
FromELF: creating hex file...

rhdocExample.,.axf” - 0 Erroris), 0 Warning(s) .

noRoneR

onoReo

10952-036

Figure 37. Build Output
Downloading/Debugging Code
Select Start/Stop Debug or press the icon to start

debugging (start/stop debug session). The debugger indicates
that you are using an evaluation version. Select OK.

L] EVALLUATION MODE
) Running with Code Size Limit: 32K

10952-037

Figure 38. Starting Debugging

Close the disassembly window. Go to the ADCMeter.c file. Set
a breakpoint on the instruction UARTInit(B9600). This is done
by right-clicking on the line of code and then selecting insert/
remove breakpoint or by double-clicking on the left of the
instruction. Notice that the breakpoint is indicated by a large
red dot to the left of the line in Figure 39.

\ (3] ApcMeterc 1| [2] nsthps | L] cportablh

035 int main (void)

096[-] ¢

097 | unsigned char i = 0;

098 | unsigned char nlLen = 0;

098 |

100 | GPOPUL = OxFF;

101 | TICON = 0O;

102 | CLKCONDO = 0Ox0;

103 | CLECON1 = 0x0;

104 |  ADCOMDE = Ox3:

105 | ExtIntEnable (Ox2,0x0) :

106 | UcIEXCCON = 0O;

107 | weIEXDAT = O;

108 | GPZOEN = Ox4:

109 | bSendResultToUART = 0O;
d a'l‘lﬂ | UARTInit (B9600) ;

11 | ucTestitep = 0;

112 /4 ADCOINIT(),

113 | ADCOBUFBYPINIT() :

114 |  ADCLINIT():

115 | STEPINIT():

116 | DACINIT():

17 WCIEXCCON = Ox6C:

18 |

19 | ucIEXDAT = I400uk;

120 | IEXCINIT (wucIEXCCON, ucIEXDAT):

121 | delay(150000) :

122i ADCOMDE |= Ox1;

123 | // ADCIMDE = 0x1.;

124 | INTSETEQ = Ox2ZEOQZ8;

125 | bSendResultToUART = 0O; 3
F ‘1"H'." NACnE ANCDAe = N E

Figure 39. ADCMeter.c File

Press the run code button =" twice. The program measures
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 e .

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 6.40 KickStart>
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 \ADuCM360V1.0\Code\examples.

#< ADUCM 360 - IAR Embedded Workbench IDE

GIEN Edit Yiew Project Tools Window  Help

Mew [

workspace. .,

Save Wworkspace
Close Workspace

Figure 40. IAR Embedded Workbench

10952-039

2. After a few seconds, the workspace opens and the
individual projects are launched as shown in Figure 41.

3.

Fig UL view Frujec. (NN (N [NIHL 0]

edd &
B x
|.ﬁ.dc-Debug V|
Files L
B [EADUCKM3ED
—=1 5] Adc - Debug v
H& (3 Application
|
& (1 comman
[ Startup_Code
L@ (7 Output
EJ Elink - Debug
& Pihd - Debug
EIRTD_Demo - Debug
& Timers - Debug

LU T 4

10952-040

Figure 41. Individual Projects

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

L ADUCKM360 - IAR Embedded Workbench IDE

File Edit “iew Project Tools ‘Window Help

DE U

Workspace

Blirk. - Debug w

Adc - Debug
Adc - Releasze

Blink - Debug

Blink - Releaze

Pk - Diebug

Pt - Releasze
RTD_Demo - Debug
RTD_Demo - Releaze
Timers - Debug
Timers - Releaze

10952-041

Figure 42. Changing Selected Projects

If, for example, the Blink project is chosen, this toggles the
LED connected to P1.3 on the EVAL-ADUCM360MKZ
board.

To compile all files, select Project>Rebuild all files.

Rev. 0| Page 13 of 20



http://www.analog.com/ADuCM360
http://www.analog.com/ADuCM360

ADuCM360/ADuCM361

DuCkM 360 - IAR Embedded Workbench, IDE
Filz Edit

Toals

File Edit

Wigw Window Help

Tools  Window  Help

ETE Project

D D"' m ﬁ Add Files. .. - :
add Group... O = ﬁ add Files., ..
—_— add Group...
(Birk -Debug_| Wt
Blink - Debug Edit: Configurations... |
Files Blink - Debug Edit Corfigurations. ..
3 [BlADUCHK? Filas
2 & Adc - Create Mew Project. .. = ADUCME
1] Ap  AddExisting Project... O Adc-|  Create Mew Project...
1 Options. .. AlEHET =1 (1 Ap  Add Existing Project. .
cof ap
[1Ste  Wersion Control System 3 3 ' Cptions. . BlE+FT
D_Ou‘ Make F7 [1Stg  Wersion Control System 4
=1 & Blink ]
1A Camnpile Ctrl+F7 [l
— p Rebuild &l _ Blink Make F7
o —=1 & Blin
2an
L1000 pteh buid... Fa P
[J5te Clean
Eﬁr\: g ;?' Batch build... Fa
(+] + (=
g ETD Davwnload and Debug ChrlH+D 3 0u
. Debug without Downloading
& Tirmet & P . —
&rTD nad and Debug Ctrl+D
g .7 Debug without Downloading
Download v g & Timer
Figure 43. Compiling All Files Download .
5. If the build is successful, the information is displayed in the —
Build details window. Open Device File '
| Overview ade | Bink | PwM | RTD_De ¢ » ” p Figure 45. Begin Debugging
= tessages This launches the debugger.
16 file(s] deleted.
Updatlng bwld free File Edit view Project Debug Disassembly J-lnk Tools Window Help
ClkLib.c Diolib.c IntLib.c Rstlib.c WydiLib.c Blink.c = = Eﬁ& SEL X
startup_ADUCH36D 5 T
Linking IR © | apcvister.c [T
R Blink - Dsbug ¥ #include <..\common‘DioLib.h>
Blink.out Filas o #include <..%\comuon\Udtlib, b
=] ADuCMSED #include <..%common'Diolib.h>
& Adc-Debug « . S
Total number of errors: 0 ﬂgldinkD— N void delayflong int):
H . EPwWM-De.. v
Total number of warnings: 0 [-@ @RTD_Dern.. v int main (void)
La@Timers-D... v

= {

= - T » [GeCPG [ TSCON_PRE_DTVL, TSCON_TRQ_EN,T3CON_FD_DTA]; // !

i Build |Find in Files | Debug Log DioOen (pADI_GP1, 0x8) ; /f Set B
//Disable clock to wmsed peripherals

ClkDis (CLEDIS_DISSPIOCLE|CLEDIS_DISSPILCLE|CLEDIS_DIZ:

10952-043

Qead ClkCEg(CLE_CDO,CLE_HF, CLESYSDIV_DIVZEN_DIS,CLE_UCLECG,
Figure 44. Build Details wate ()
6. To program the device and to begin debugging the source e
code, select Project>Download and Debug. Figure 46. Debugger
b
P
7. To begin code execution, select the Go icon, ar.
You should now see the LED toggle on your EVAL-
ADUCM360MKZ board.
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ELVES

USING ELVES.EXE WITH nVISION4

Select Libiawy
. L T Kl (R RS
Elves is a useful tool for generating simple C function libraries [ T RENIET T Eetarsommem AL
to get you started on evaluating any peripheral. All the user Chocs Furcin
) A . [ion Laziug ADI_AD0_Yyvabat —phore, i 1hat, 1oe 46ais, 1o ¥6ooe) ]
needs to do is choose the required parameters for each function snw hiaEias (ADT_A0S_Typalet *piore, ine Finthin, im iEissBoars, im Snd n

ans hdeBut (ADI_ADC_Typelwei *phorc, inc ifduiCiy, ins ibutCig)

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

Sat. AdcDmailDI_KBC_TypeDef *plost, ot
sat RdcFle (DI_ADC TypaDuf *post. ot 137, Sur SAF. int FMeCig)
dnt AdeGo(ADI_ADC TypeDel "phoct, int iftas

1. In the folder, C:\ADuCM360V1.0\Software Tools\Elves, ey N x
open the file Elves.exe to launch Elves. ‘ i

- 1§36 oF ADCCPC_PINSEL_AINLL Co sVitch bias cusrent To AINAL.

S Fives %] R
Select Liesty n oFon ] li‘;'_ SR PO,
e Adefing | [pan_ancn ] [AOCCON_ADCREF| | . [ADCNDE_PGA M v) - [ADCCON_ADCCODE
= Helo g
Chome Pl Fltioe| sono | | §
- — [
il Figure 49. List of Functions
Take, for example, the function AdcBias, in the Choose
Parameters section at the bottom of Figure 49. The user
configures the parameters to meet their needs and each
parameter is explained in the Source Code section of the
Chooan Parameton - . R .
N window shown in Figure 50.
I
g i tives EEE
] sao| =] g rorres B
K e PR
Figure 47. Launching Elves = RO T Eadercommar AdeiTe
2. To add alibrary, click Add and go to the directory T B T T e ]
C:\ADuCM360V1.0\Code\common. " e s dachans 0 A1 v pbece, s sbsasb, o Biasecs, o Ao
A list of header files is available. Add the header file(s) that i ﬁﬂ ’m:ﬁ‘:a o e v
you wish to use. Bl ras_or we putian ses ins

- 1024 ox ADCCF_PINSEL_AINT o switch bias cureest Go AINT.

= 1E36 ar ADCCPC_PINRTL_ATNLL tn suinen hias eurrent to ATHLL =
Select Library Source @

Choooe Parameters -

Look ir: |L'f) COMMon j - &5 Ed- “mnm%&gcn =l -Eﬁ?‘:’&'&_orr ﬂ.?w:‘[if'_“‘“&_m ;‘.‘“?_c,u[-_orr

[C)Realview [Z] 12cLib.k Helo . g

[l adctib b [Z] 1exeLibub | & g

[Z] clkLib.h [Z] IntLib.h - -

[Z) Dactib.h 2] RstLib.h Figure 50. Source Code

[Z] DmaLib.h [Z] spiLib.h . . . .

] Gpttib.h ) UrtLib.h 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 51.

Library |AdeLib.h

~ 181 B
Files of type: | Header(".h) ﬂ Cancel g 182 | AdcMski (0, ADC_M_RDY, 1) :
- 183 | AdeFlr (0, 0x7d, 0x0, FLT _NORMAL) ; o
Figure 48. Select Source Library ] PR g
186 8
. . . . 187 | ADCOMDE | = Ox100: Enable FGA -
For example, if the AdcLib.h library is added, the user can
generate functions to control the ADC. Figure 51. Copying and Pasting Source Code

4. Before using the Help option, click Setup and point to the
following file\folder: C:\ADuCM360V1.0\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 (COM1
to COM31).

PREPARING FOR DOWNLOAD

1. Connect the ADuCM360 mini-board (EVAL-
ADUCM360MKZ) to the interface board (USB-
SWD/UART).

2. Connect the interface board (USB-SWD/UART) to the PC
using a USB cable.

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

4. 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.

#7 CM3WSD

File to download

C:AADUCM3E0M0. 1 WA pplications S Ch 3w S DA 360 hex Browse...

Monitor Status

Done. Cycle board power. A~
Change optionz before downloading again.
Connect test board to PC COMS at 3600 Baud. Click Start.
Feady @@ 9600 baud n,8,1.
Prezs Download and pulse Feset on hardware.
ADUCM3BD 128 A3Y- Nreceived.
Erazing 12 pages of 512 bytes each.
Downloading ... BO0D bytes -

Figure 52. Preparing for Download

DOWNLOADING USING CM3WSD

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

10952-051

2. Select the file at C:\ADuCM360V1.0\Code
\examples\Adc\AdcExample.hex.

3. Select Configure.

4. In the Parts tab, select ADuCM360.

5. Inthe Comms tab, select the correct COM port and a baud
rate of 38400. Select OK.

6. 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 will be updated with
Flashing Complete Click Reset to run program.

Configure §|

Parts ICommsl Commands]

Select Part

Part [nformation

ROM Start 0=00000000
RO End 0=x0001FFFF
Kernel Start 000020000
Kemel End 0=000207FF

ak | Cancel |

Figure 53. Downloading Using CM2WSD
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.

10952-052

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.
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NOTES

I’C 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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