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Overview

1 Overview

This section provides an overview of the NET Micro Framework version 2.0 architecture, tools,
applications, and resources. Some of the information in this section is applicable to other versions of .Net
Micro Framework. The information in this section is adapted from the Microsoft Developers Network®

(MSDN) web site for use with Freescal e devices.

1.1 Architecture

The .NET Micro Framework architecture is optimized for small devices such as, but not limited to:

e Sensor networks

* Robotics

* GPSnavigation

* Wearable devices

e Medical instrumentation

e Industria automation devices

» Other small devices that require an efficient, low-resource-consuming Microsoft .NET client

The .NET Micro Framework is available for an increasing variety of hardware platforms. Its architecture
isextremely flexible and highly adaptable to new hardware platforms. Figure 1illustratesthe .NET Micro

Framework hardware and software architecture.

ﬁ“pf’;ﬁf"" User Applications & Libraries
ClassLibrary Libraries MNET WPF Camms
Layer
Exacution Typa Gzarbaga -
CLR Emngina Systam Callactor Inlerop
Runtime
Component PAL Tienars RAM 1o
Layer
HAL orvers - 0S8  Facilitles
Hardware Processor and Peripherals
p
Layer

Figure 1. .NET Micro Framework Architecture
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1.1.1 Hardware Layer

The hardware layer contains the user-sel ected microprocessor and other circuitry. The .NET Micro
Framework runs on agrowing number of i.MX hardware platforms. It is possible to port the .NET Micro
Framework to other i.MX chipsets. It isalso possible to run the .NET Micro Framework runtime on top of
operating systems, such as Microsoft Wi ndows®, but is almost excl usively used when ported directly to
the hardware.

1.1.2 Runtime Component Layer (RCL)

The RCL has three components:
* .NET Micro Framework common language runtime (CLR)
» Hardware abstraction layer (HAL)
» Platform abstraction layer (PAL)

1.1.2.1 Common Language Runtime

The .NET Micro Framework CLR is a subset of the NET Framework CLR, which is the run-time
environment provided by the .NET Framework. The .NET Micro Framework CLR provides robust
application support. It manages memory, thread execution, code execution, and other system services. The
CLR providesall of thesefeatures and servicesfrom avery small memory footprint. It occupies only about
390 Kbytes of memory when all of the functionality is used. This memory-usage estimate is for the
Microsoft implementation framework for existing i.MX platforms.

The CLR isfast and performs about 15,000 managed method calls per second at 27.6 MHz (these results
are based on the average method-call complexity developed for the Smart Personal Objects Technology
(SPOT) watch application). Managed applications for the CLR can be programmed and debugged using
the Microsoft Visual Studio® 2005 devel opment system.

NOTE

C# is currently the only programming language supported by the CLR.

Features of the .NET Micro Framework CLR include:

* Numeric types, class types, value types, arrays (one-dimensional only), delegates, events,
references, and weak references

»  Synchronization, threads, and timers

* Reflection

o Seridlization

» Garbage collection

» Exception handling

* Time classes, including DateTime and TimeSpan (using INT64 arithmetic)
* Time-sliced thread management

Exceptions to and extensions of the CLR include:
» Execution constraints that limit call durations and prevent failures
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» Strings represented internally as UTF-8 and exposed as Unicode
* No support for sparse or jagged multidimensional arrays

» A global, shared string table for well-known values (types, methods, and fields) that reduces RAM
and ROM and reduces the number of cross-references

* Novirtual tables for method resolution which saves RAM
* A WeakDelegate class to handle dangling references to delegates

» Support for extending the hardware chipset by programming its drivers directly in C#, using the
Managed Drivers Framework. Hardware devices compatible with industry communication
standards (such as GPIO, seria, SPI, or I2C) can be added to the chipset and used by a managed
C# application.

1.1.2.2 Hardware Abstraction Layer and Platform Abstraction Layer

The HAL and the PAL control the underlying system hardware. Both the HAL and the PAL are groups of
C++ functionscalled by the CLR. The PAL functions areindependent of the hardware and should not need
to be ported.

NOTE
Users must develop their own version of the HAL when porting to an
unsupported i.MX processor or porting to a new platform.

The bootstrap code is also associated with the HAL. The bootstrap codeinitializesthe low-level hardware
when the device is turned on and then starts the CLR to perform the higher-level initialization. The
bootstrap code performsits tasks through calls to the HAL and assembly-language routines. Other than
starting the CLR, the bootstrap code has no interaction with the code preceding it in the software
architecture.

1.1.3 Class Library Layer

The class library included with the NET Micro Framework is an object-oriented collection of reusable
typesthat can be used to devel op embedded applications. It includes C# libraries that provide support for
the following:

* Encryption
» Debug, graphics, and shell DLLs
* TheCLR API classlibrary and the CLR corelib
» Access for managed C# applications to extended chipsets that support specific communications
standards, such as GPIO, serial, SPI, or 12C.
NOTE

The .NET Micro Framework libraries are implemented in namespaces that
mirror the.NET Framework Base ClassLibraries(BCL) whenever possible,
otherwise they are placed in the .NET Micro Framework SPOT namespace.
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114 Application Layer

The top layer of the .NET Micro Framework contains the managed applications that are created for
devices. The types of applications developed depend entirely on the device hardware.

NOTE

C# is currently the only programming language supported for managed
applications.

1.2 Targeted Applications

The .NET Micro Framework istargeted for very small devices. The range of functionality in these devices
istypically constrained by some combination of cost, memory, processing capability, and power. The NET
Micro Framework has been usedin some of the smallest devices, including watches, GPS navigation
devices, and Windows® SideShow® -compatible displays.

Being targeted at the new, less expensive, and more power-efficient 32-bit processors, such as the
Freescale i.M X Family, enables the .NET Micro Framework platform to run on significantly reduced
resources. Additionally, it offers power management interfaces, thus maximizing the battery life of
devices. All of the NET Micro Framework functionality can be squeezed into a minimum of 256 K bytes
of Flash/ROM and executesin at least 512 Kbytes of RAM. Figure 2 illustrates the targeted Windows
markets.
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Figure 2. Targeted Markets for the Windows Operating Systems

To makethe .NET Micro Framework available with the smallest possible memory footprint, it is designed
to contain only those pieces of the .NET Framework that are most relevant to small devices. These include
the amajor subset of the BCL namespaces, among others: System.Collections, System.Diagnostics,
System.Globalization, System.lO, System.Reflection, System.Resour ces, System.Runtime, and
System.Threading.
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1.3 Tools

The addition of thei.MX development tools to the .NET Micro Framework results in a powerful set of
toolsfor developing and debugging applications. Two tools are especially useful: FlashL ite Client and
MFDeploy.

1.3.1 FlashLite Client

FlashLite Client captures debug output from the execution of the .NET Micro Framework on a device.
While this tool also provides additional functionality, the capture function is the most frequently used.
Debug output is produced by the .NET Micro Framework runtime, as well as by the execution of
Debug.Print(Strings) statements located in the C# application. Figure 3 illustrates the FlashLite Client
main screen.

FlashLite Client — ol =|
—Files
File | Base Address | Size | TimeStamp |
Reload | Bemaove | Remave All | | Browse. .. |
COM Port: | IESIEEHIZEE ~ Start = Flashlite [ \wait For Sync RebootfindStop | DeployMap |
a _
Speed:  |115200 - — " TinyBooter ™ Stop After Upload Erase Deployment |
Clear display Ping | CLR Capabili |

Figure 3. FlashLite Client Main Screen

1.3.2 MFDeploy

MFDeploy helps deploy, upgrade, or erase the firmware being developed for hardware. Two frequently
performed tasks are described in Section 1.3.2.1, “Ping the Device,” and Section 1.3.2.2, “Clear the
Deployment and Persistence Sectors.”
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Figure 4 illustrates the MFDeploy screen.
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Figure 4. MFDeploy Main Screen

1.3.2.1 Ping the Device

Ping the device to confirm the correct communication between the PC and the i.M X development board
through serial communication using these steps:

1. Run MFDeploy

2. Select the correct port

3. Click Pingto determineif the .NET Micro Framework isrunning and communicating through the
designated port

When using a COM port, failure can indicate that another process on the computer is using that port.

1.3.2.2 Clear the Deployment and Persistence Sectors

Perform this task to deploy .NET Micro Framework application with errors using these steps:
1. Run MFDeploy
2. Select the correct port
3. Click Eraseto clear al assemblies from the device

Development with Microsoft® .NET Micro Framework 2.0, Rev.0
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1.4 Help

To obtain help with .NET Micro Framework applications for Freescale devices:
» Search the Internet to review information available on this topic
« Usethe .NET Framework Help program, because .NET Framework and .NET Micro Framework
arevery similar (NET Framework contains additional advanced functionality)
The .NET Framework Help information searches can be configured to filter for .NET Micro Framework
with C# using these steps:
1. Open Visual Studio or Visual C#
2. Onthe Help menu, select Search
A dialog displays options for L anguage, Technology, and Content Type
3. Configure the options as follows:
Language: C#
Technology: .NET Micro Framework
Content Type: All

2 Create a GUI Using C#

This section provides a sample application for the .NET Micro Framework using Visual Studio 2005 C#
asthe Integrated Devel opment Environment (IDE). The sample information can be used as areferencefor
application development.

2.1 Hardware and Software Components

Table 1 identifies the software and hardware used in developing and testing the C# GUI example. If the
software/firmware listed in Table 1 isnot installed, download it from the recommended site and install it.

Table 1. Components

Component Description Location
i.MX Development Kit
i.MX Development Board' Hardware i.MX Development Kit Supplier
.NET Micro Framework 2.0 flashed in the board Firmware CD of contents
PC

Microsoft Visual Studio 2005 Software Microsoft Web site
Microsoft Visual C# Software Microsoft Web site
Microsoft .NET Micro Framework 2.0 Software Microsoft Web site
FlashLite Client Software CD of contents
MFDeploy Software Microsoft Web site
USB Driver for Board Software CD of contents

' For example the Tahoe-Il Development Kit provided by Device Solutions.

Development with Microsoft® .NET Micro Framework 2.0, Rev.0
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2.2 IDE Layout and Description

The IDE used for this example is the standard Microsoft Visual Sudio IDE. The IDE (Figure 5), provides
aset of tools using four window panes, to help write and modify the program code as well as detect and
correct program errors. Table 2 describes the IDE window panes.
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Figure 5. Visual Studio 2005 IDE
Table 2. IDE Tools
Location in i
Pane Figure 5 Description
Source Code Editor | Top Left Displays handwritten C# source code development activities. Provides
helpful development features, such as syntax highlighting,
class/method auto-completion (IntelliSense), and squiggly underline
error indication. Multiple source files can be opened simultaneously
and can be accessed from tabs above the editor.
Solution Explorer Top Right Lists the files in the current project. Double-clicking a source file (*.cs,
*xml ...) in the tree displays the code in the Source Code Editor.
Properties Bottom Right | Displays additional information about the selected file.
Errors/Warnings List | Bottom Left Displays errors and warnings as the compiler runs. Visual Studio runs
auto-compilation in the background as new code is typed without
requiring an explicit compile.
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2.3 Common IDE Tasks
Table 3 describes the commands for frequently used tasks.

Table 3. Common Tasks

Task Command
Build Solution Click Build > Build Solution, or press F6
Build and Deploy Solution Click Debug > Start Without Debugging, or press CTRL+F5

Build, Deploy, and Debug Solution |Click Debug > Start Debugging, or press F5

Add New File to Solution Right-click the project file in the Solution Explorer and click Add > New ltem

Add New Resource Double-click the Resources.resx file in the Solution Explorer to open the Resource
Editor in place of the Source Code Editor. Click Add Resource and select an option.

3 Develop an Application

This section provides the information needed to develop a.NET Micro Framework application, including
descriptions of the file contents.

3.1 Create the Solution, Project, or Application

To create a.NET Micro Framework C# solution, project, or application, use these steps:
1. Open Visual Studio or Visual C#
2. Click File> New > Project
The New Project window is displayed (Figure 6).

21

Project types: Templates:

- Business Intelligence Projects visual Studio installed templates
sual Basic

= §FClass Library £#Consale Application
Nindows ﬁDe‘-.-'ice Emulator
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sual 1=

- Visual C++

[H- Other Project Types

14 Search Online Templates. ..

I A project for creating .NET Micro Framework window applications

Mame: I MFWindowApplications
Location: I D:\Profiles\a2070 1My Documents\visual Studio 2005'Projects ﬂ Browse... |
Solution: |C|'eate new Solution j ¥ Create directory for solution

Solution Name:

MFWindowApplications

OK I Cancel

Figure 6. New Project Window
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In the Project types window, select Visual C# > Micro Framewor k
In the Templates window, select Window Application
For Name, enter a descriptive name for the project
Next to L ocation, select from the drop-down list or click Browse to select the location where the
project is saved
For Solution, select Create New Solution
Select Createdirectory for solution to create a new directory in which to place this solution

9. Click OK

The Solution Explorer pane lists the files that are added to the project.

The most important file in which the program islocated is pr ogr am cs. Thisfile contains the definition of
the Program class that must be of type Microsoft.SPOT.Application. The Program class contains the

Main() method, which is called when the application starts. Additional files provide codethat isrelated to
window creation and configuration for the button press interrupt handler.

o o bk w

o N

3.2 Include the Hardware-Specific Files

The hardware-specific files contain platform-specific information that is used in the managed code to
configure the serial ports, keyboard, GPIO, specific modules, and so on.

3.2.1 HardwareProvider Class

The HardwareProvider class provides access to information about pin assignments for serial
communications devices such as 1°C, UART, and SPI. The Har dwar eProvider classisimplemented in
one of the hardware-specific files provided by the board supplier. The file may be edited as needed.
Defining this class correctly for an application ensures that the standard serial classes of .NET Micro
Framework operates with the serial ports.

3.3 Add Ul Elements to the Application

The .NET Micro Framework includes alimited set of user interface (Ul) elements, with limited
functionality. These elements (Canvas, Text, Image, ListBox, Panel and StackPanel among others) can be
used in any .NET Micro Framework application.

To add Ul elements to an application, use these steps:

1. Ensurethat the Microsoft.SPOT.Presentation.Controlsnamespaceisreferenced at the beginning
of the program cs file, with the following instruction line:

using M crosoft. SPOT. Presentation. Controls

If thelineisnot included, add it.

The Microsoft.SPOT.Presentation.Controls namespace provides classes, delegates, and
enumerationsthat are used to create elements (known as controls) that enable auser to interact with
an application.

Development with Microsoft® .NET Micro Framework 2.0, Rev.0
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NOTE

If an error is displayed after the instruction line is added and compiled,
include areferenceto the M crosof t . SPOT. Ti nyCor e. dI |, a shown in the
Solution Explorer pane of the IDE, Figure 5.

2. Write code into the CreateWindow() method, which is created by default. Example 1 displays
the default code.

Example 1. Default Content of the CreateWindow() Method

publ i c W ndow Creat eW ndow()
{
/'l Create a wi ndow object and set its size to the
/'l size of the display.
mai nW ndow = new W ndow() ;
mai nW ndow. Hei ght = Systemetrics. ScreenHei ght;
mai NW ndow. Wdth = Systemvetrics. ScreenW dt h;
/] Create a single text control.
Text text new Text ();
t ext . Font Resour ces. Get Font ( Resour ces. Font Resources. smal | ) ;
text. Text Cont ent = Resources. Get Stri ng(Resources. StringResources. Stringl);
text.Horizontal Al i gnnent = M crosoft. SPOT. Present ati on. Hori zontal Al i gnnment . Cent er;
text.Vertical Alignment = M crosoft. SPOT. Presentation. Vertical Ali gnment. Center;

Inn o

/! Add the text control to the w ndow.
mai nW ndow. Child = text;

/] Connect the button handler to all of the buttons.

mai NW ndow. AddHandlI er (But t ons. Butt onUpEvent , new Butt onEvent Handl er (OnBut t onUp), f al se);
/1 Set the window visibility to visible.

mai NW ndow. Visibility = Visibility.Visible;

/!l Attach the button focus to the w ndow.
But t ons. Focus( mai nW ndow) ;

return mai nW ndow,

3. Tomodify this code, create the SackPanel element and assign to it the text element.
Add the following lines before the mai nw ndow. Chi I d = text; line:

St ackPanel panel = new StackPanel (Orientation.Vertical);
panel . Chil dren. Add(text);

4. Assign the panel element as the Child element of the mainWindow, instead of the text element.
Example 2 displays the updated CreateWindow() method.

Example 2. Updated Content of the CreateWindow() Method

public W ndow Creat eW ndow()
{

/Il Create a wi ndow object and set its size to the
/'l size of the display.
mai nW ndow = new W ndow() ;

Development with Microsoft® .NET Micro Framework 2.0, Rev.0
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mai nW ndow. Hei ght = Systemetrics. ScreenHei ght;
mai NW ndow. Wdth = Systemvetrics. ScreenW dt h;

/1 Create a single text control.

Text text new Text ();

t ext . Font Resour ces. Get Font ( Resour ces. Font Resources. smal | ) ;

text. Text Content = Resources. Get String(Resources. StringResources. Stringl);
text.Horizontal Alignnment = Mcrosoft. SPOT. Present ation. Hori zontal Al'i gnment . Cent er;
text.Vertical Alignment = M crosoft. SPOT. Presentation. Vertical Ali gnnent. Center;

/] Create the StackPanel control.
St ackPanel panel = new StackPanel (Orientation.Vertical);

/] Add the text to the StackPanel.
panel . Chil dren. Add(text);

/!l Add the StackPanel control to the w ndow.
mai nW ndow. Chi |l d = panel ;

/] Connect the button handler to all of the buttons.
mai nW ndow. AddHandl er (But t ons. Butt onUpEvent, new Butt onEvent Handl er (OnBut t onUp), fal se);

/] Set the window visibility to visible.
mai nW ndow. Visibility = Visibility. Visible;

/!l Attach the button focus to the w ndow.
But t ons. Focus( mai nW ndow) ;
return mai nW ndow,

3.3.1 Add Keyboard Events to the Application

This section describes how to add keyboard interaction to the application. When akey is pressed, the name
of the key is printed through a text element in the StackPanel. To add keyboard management, first ensure
that the hardware-specific namespaceisreferenced at the beginning of the pr ogr am cs file. Inthisexample,
theinstruction lineis:

FSL. SPOT. Har dwar e. BOARD;

NOTE
If anerror isdisplayed after thislineisadded and compiled, see Section 3.2,
“Include the Hardware-Specific Files.”
Write code into the pr ogram cs file, which is created by default:
1. Delete the gpi aBut t onl nput Provi der . cs file from the Solution Explorer pane of the IDE. This
example uses the GPI OButtonl nputProvider class from the hardware-specific files.

2. Add codeto the OnButtonUp() method, which is created by default. The OnButtonUp() method
adds keyboard events to the application. The goal isto identify the pressed button, then assign
custom text to a variable that is assigned to the StackPanel at the end of the function. The updated
method is shown in Example 3.

Development with Microsoft® .NET Micro Framework 2.0, Rev.0
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Example 3. Updated Content of the OnButtonUp() Method

private void OnButtonUp(object sender, ButtonEventArgs e)

{
/1 Print the button code to the Visual Studio output w ndow.
Debug. Print(e.Button. ToString());
/1 Define the tenporal Text variable with the name of the button pressed.
Text tenporal Text = new Text("Button");
t enpor al Text . Font = Resources. Get Font ( Resour ces. Font Resources. smal | );
t enpor al Text . Hori zont al Al i gnnment =M cr osof t . SPOT. Present ati on. Hori zont al Al i gnment . Cent er;
t enpor al Text. Verti cal Ali gnment =M crosoft. SPOT. Presentati on. Vertical Al i gnnent. Center;
swi tch(e.Button){
case Button. Sel ect:
t enpor al Text . Text Content += " Center";
br eak;
case Button. Down:
t enmpor al Text . Text Content += " Down";
br eak;
case Button. Up:
t enpor al Text . Text Content += " Up";
br eak;
case Button. Left:
t enpor al Text . Text Content += " Left";
br eak;
case Button. Ri ght:
t enpor al Text . Text Content += " Right";
br eak;
def aul t:
t enpor al Text. Text Content += " Not identified";
br eak;
}
/1 Add the tenporal Text to the StackPanel defined for the mai nWndow. Child
((StackPanel ) mai nW ndow. Chi | d). Chi | dr en. Add(t enpor al Text);
}

Now, each time the OnButtonUp() method executes due to a key press, the program updates the content
of the StackPanel in the window with the name of the key that is pressed.

Development with Microsoft® .NET Micro Framework 2.0, Rev.0
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3.3.2 Deploy and Run the Application
Thelast step isto deploy and run the application. First, the board must be connected to the PC using aUSB
cable. Next, configure the .NET Micro Framework application to work with the board using these steps:
1. Click Project > [Application Name] Properties...
The Source Code Editor is displayed (Figure 7).

I~IFWindowAppIicationtl]/Program.cs ] - x
Application
Configuration: IActi'-.-'e (Debug) j Platform: |Active {Any CPU) j
Build
-
Build Events T
Dleployment

Debug

Transport: =
Resources
Settings Device: Jjmxs_a7eroea2 =]
Reference Paths

Micro Framework

Figure 7. Micro Framework Deployment Configuration

Select the Micro Framework tab in the navigation panel

For Configuration, select the type of configuration to use

For Transport, select USB

For Device, accept the displayed Device number, which is the board identification

UoA W

The appllcatlon is ready to deploy.

4 Deployment Errors

This section describes the most frequently encountered issues related to developing and deploying .NET
Micro Framework applications.

4.1 USB Port is Busy with Other Application

In some cases, the development boards for .NET Micro Framework have only one USB device port. To
support debug logging and application deployment, the USB port is multiplexed between FlashLite Client
(Debug Logging) and Visual Studio 2005 (A pplication Deployment).

Development with Microsoft® .NET Micro Framework 2.0, Rev.0
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When FlashLite Client isin Start mode, the USB port is not available to Visua Studio. If deployment
problemsin Visua Studio are encountered, ensure that the FlashLite Client isin Stop mode.

4.2 USB Driver is Incorrectly Installed

Thiserror messageindicatesthat the USB driver for the board isnot correctly installed and the driver must
be reinstalled. The hardware must be correctly installed and ready to use.

Toreinstall the USB driver, use these steps:

1. Click Sart, point to Run, and enter devmgmt.msc, to run the Device Manager

2. Find and uninstall the element Micro Framework M XS Reference Design or similar term
3. Run the scan, by clicking Menu Action > Scan for har dwar e changes
4

. Inthe Found New Hardware Wizard, select the USB board driver recommended by thei.M X
development board manufacturer. Typically, the board driver islocated on the CD that is included
with the development kit.

4.3 USB Communication is Broken

The following failures indicate that the USB communication is not working:
* The device seems connected, but Visual Studio cannot deploy new applications
» FlashLite Client does not display debug information and it cannot ping the board
To restart the USB driver, use these steps:
1. Ensurethat FlashLite Client isin Stop mode
2. Unplug the mini-USB connector from the board and plug it back in
3. Restart the board

4.4 Application is Deployed with Errors

In Visual Studio 2005, the last deployment is interrupted or is completed with errors and any subsequent
try at re-deployment fails.

To clear the deployment and persistence sectors, use these steps:

1. Ensurethat FlashLite Client isin Stop mode
2. Follow the stepsin Section 1.3.2.2, “ Clear the Deployment and Persistence Sectors’
3. Try to deploy the application again
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