Altmel

APPLICATION NOTE

Atmel AVR32852: Building Custom Application using ASF
Example Projects

32-bit Atmel Microcontroller

Features

e Atmel® Studio 6
e ASF Wizard
® ASF example projects

e Custom Studio 6 project

Description

The Atmel Software Framework (ASF) is a collection of software support for Atmel
microcontroller peripherals. The ASF allows developers to quickly develop application
layer code without having to write code from scratch, to do platform initialization,
clock setup and other hardware support. It also makes re-usability of code between
different Atmel platforms trivial.

This application note shows how to create a custom application borrowing code from
different ASF example projects. It can also be seen that porting, reusing and re-
creating projects is easy and seamless between different Atmel platforms using ASF.

The target platform chosen for the development of the example custom application is
XMEGA®-B1 Xplained. This application involves PWM, RTC and LCD display
peripherals. The same application is then re-created on a SAM3S-EK board and
finally ported to a SAM4S-EK board.

It is recommended to read “Atmel AVR4030: Atmel Software Framework — Reference
Manual” and “Atmel AVR4029: Atmel Software Framework — Getting Started” before
using this application note.
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1. Hardware pre-requisites

Note:  The intent of this application note is only to demonstrate the basic approach of borrowing code from different ASF
example projects to build a custom application. The Atmel XMEGA-B1 Xplained board was chosen as it is the only
8-bit Atmel AVR® evaluation kit with an LCD screen at this time and the example project involves use of LCD. The
Atmel SAM3S and SAM4S microcontroller kits were chosen for no particular reason. The reader may use any
Atmel AVR or SAM microcontroller evaluation kit available and apply the concepts described with in this application
note. Also it is not a strict requirement to complete the entire example project. The reader may stop as and when
the concept has been understood.

The example project described in this application note uses the following hardware components:

Figure 1-1. XMEGA-B1 Xplained board.

HMEGA-81 X PLAINED

Figure 1-2. SAM3S-EK board.
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Figure 1-3. Atmel SAM4S-EK board.
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Figure 1-4. Atmel JTAGICE3 debugger.
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Figure 1-5. Atmel SAM-ICE debugger.

Atmel AVR32852: Building Custom Application using ASF Example Projects [APPLICATION NOTE]

Atmel



21

2.2

23

Software pre-requisites

The following software programs should be installed to follow this application note.

Atmel Studio 6.0

Download Atmel Studio 6 from the “Download” link on http://www.atmel.com/atmelstudio as shown in Figure 2-1 and
install. The Atmel ASF is included in Studio 6 and does not require a separate download.

Figure 2-1. Download Atmel Studio 6.0.

ATMEL
STUDIO

Two Architectures, One Studio
Integrating ARM® and AVR® Design

( DOWNLOAD NOW j

J-Link CDC USB driver

The J-Link CDC USB driver installer can also be downloaded from the http://www.segger.com website using the
following link: http://www.segger.com/download_jlink.html. Install the driver using the installer
“JLinkCDClnstaller_V1.2b.exe” shown in Figure 2-2.

Figure 2-2. Link to download installer for J-Link CDC Driver.

@E Installer for J-Link CDC USB driver 1.2b* [584 kb]

J-Link / SAM-ICE JTAG probe software and documentation pack

The J-link / SAM-ICE™ software shown in Figure 2-3 can be downloaded from the http://www.segger.com website
using the following link: http://www.segger.com/download_jlink.html.
1. Enter the serial number of the SAM-ICE debugger found at the back of the debugger, as shown in Figure 2-4
and Figure 2-5, to download the installer.
2. Execute the Setup JLinkARM_V446f.exe file and follow the instructions.

3. You will then be asked to update the JLinkIARM.dIl in the different applications installed on your laptop that
use it.

4. Select Atmel Studio 6 application, as shown in Figure 2-6 to update its dll and click OK.

Figure 2-3. Link to download J-Link Software and Documentation Pack.

@E Software and documentation pack for Windows V4.50j [10815 kb]
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Figure 2-4. Enter the Atmel SAM-ICE debugger serial number found at the back of the debugger.

Please enter the serial number of your emulator in the field below

[ Submit serial number

Figure 2-5. SAM-ICE debugger serial number.

SAM-ICE

80 12-17

s oS ZCE

ac ox

Mada in Germany

Figure 2-6. Update JLinklARM.dIl for Atmel Studio 6.

The following Jrd-party applications using JLinkARM.dll have been found:

Atmel Studio 6.0 [DLL W4, 44 in "C:AProgram Fileshdtmel'atmel Studio B.0Yavrdbg')

{ T Belect Al

Select None

Select the ones you would like to replace by thiz version.

The previous version will be renamed and kept in the same folder. allowing manual 'undo®.
In caze of doubt, do not replace existing DLL[=).

“'ou can always perform this operation at a later ime wvia start menu.

14R Embedded YWorkbench for ARM E.30 [DLL ¥4.44 in "'C:\Program Files\AR Systemsh\Embedded Workbench 6,30, E\ARMbin"']

Carncel
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3. Building custom application on Atmel XMEGA-B1 Xplained

An example of a custom application built using several ASF example projects is presented. The example application
involves LCD, RTC and PWM modules as shown in Figure 3-1. The RTC module is used to toggle LED1 every second.
The RTC count is also displayed on the LDC display. The PWM module is used to blink an LED connected to pin 1 of
header J4.

Figure 3-1. Custom Application on XMEGA-B1 Xplained.

Pin 1 of header J4 being controlled by PWM

3.1 LCD support

1. Open Atmel Studio 6 and click on New Example Project from ASF as shown in Figure 3-2. Alternately click on
File -> New -> “Example Project from ASF...".

2. In the New Example Project window, select AVR XMEGA, 8-bit for the Device Family and select “LCD
C42048A component glass Example — XMEGA-B1 Xplained” in the example list as shown in Figure 3-3.

3. Enter ASF_EXAMPLE_XMEGAB1 as project name. Create a new folder called XMEGAB1 in “My
Documents\Atmel Studio” and select that folder as your location to save your new project.

4. You may be asked to accept a license agreement. Click Finish.
Figure 3-2. Open new ASF example project.

Start Page

Get Started ~ Taols Help  Latest MNews

‘welcome  Tutorials  Links and Resources
Mew Example Priject From ASF.

Welcome to Atmel Studio
Get ko know Atmel Studio,

Akrmel Studio User Guide
Recent Projects —s 3 iGetting Started
Programming Dialog

(@] GETTING-STARTED - : FAQ
(@l GETTING-STARTED

Getting Started with Atmel Software Framework Example Projects

-

—

.Atmel AVR32852: Building Custom Application using ASF Example Projects [APPLICATION NOTE]

Atmel 32198A-AVR-10/2012 7



Figure 3-3. Open LCD example for XMEGA-B1 Xplained.

New Example Project from ASF

Location:

Solution:

Device:

ASF Wersior

All Projects

Praject Name:

Solution name:

v | Devics Fginily: | AVR XMEGA, 8-

Search for Exanpie Frojects

[E10)

LCD C420484 com-

B Inertial Sensor Demonstration - HMEGA-B1 Hplained ! ponent glass Ex
[ Irertisl Sensor Waks Event - XMEGA-A1 ¥plained ample - XMEGA-E1
Xplained

B Inertial Sensor Wake Event - SMEGA-AZEU Kplained

B Inertial Sensor Wake Event - SMEGA-B1 Xplained This exaraple illustrates how

B LCD 0420464 component glass Exsmpls - STKADN - ATxmegal 2681 the C420484 LCD glass com-
- ATxmegalzae3 ponent can be used. Using the

XMEG A LOD module, the ex-

= _ || axple writes characters, sstor

B LD ol ampiE= TaTZEE clear icons on the display.

B LCD contraller Example - STKA00 - ATxmegal 2603 [LCD C420484 component

s LCD contraller Example - XMEGA-BL Xplained glass Example - XVEGA-BL

Hplained - 4 Txmegal 28B1]

[ LED Chaser Example - STKE0D - ATxmegal 2841

B LED Chaser Example - STKS00 - ATxmega2SeA3U @ View Help

B LED Chisser Example - STKG00 - ATxmegad2A4

l LED Chaser Example - Xplain

[ Light and Proximity Data Visualizer - XMEGA-AL ¥plained

[ Light and Proximity Data Visualizer - ¥MEGA-AZEL plained

B Liaht and Proxinity Dats Visuslizer - XMEGA-B1 Xplsined

B Liaht and Proximity Ssnsor Waks Event - SMEGA-AT Hplsined

[ Light and Proximity Sensor Wake Event - SMEGA-A3EU Xplained

B iobr o it oo Wkin Cuinnk UMEC S B4 wnloinad ]

| caz048a_ExampLEL
|C:\Dutuments and Settings|swapna, gurumani{My Documents'Atmel Studio Erowse...

| C42048A_EXAMPLEL

ATxmegal 2861

3.1.1

1.
2.
3.

Atmel Studio 6 IDE

The development environment is split into three different areas as shown in Figure 3-4:

Atmel Studio Editor: Allows you to edit the source files.
Solution Explorer: Shows the project structure.

Output Window: Displays messages from the GCC compiler.

Locate the following header files in the solution explorer:

asf.h: Includes all the API header files required by ASF for the modules you use in your project. It is

automatically updated every time you add or remove drivers from your project. This file should not be edited

manually

conf_board.h: This file is mainly used for specific board configuration. The conf_board file will allow the

developer to define a conditional flag that enables or disables the GPIO to perform the required function in his

project

conf_clock.h: Includes all the definitions of the different clock configurations for the device (clock sources,
prescalers, etc.). This is the entry point to configure all the clocks used in the application

These header files can be found in src/ and src/config/ folders respectively. All the examples provided in the Atmel
Software Framework are structured in the same way and use the same main header files. Depending on the drivers

mounted in the project, other header files can be added (example: conf_usb.h when a USB port is used).

Altmel
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3.1.2

Figure 3-4. Atmel Studio 6 IDE.

ASF_EXAMPLE_XMEGAB! - AtmelStudio NEE
Fie EL View Vhssild Projed  Buid Debuy  Tuuk  Wwinds Hedy

fa-m - Sl @ )96 DA bbcen ][]t | AR FE GO fEE[E 2003 wE a6,
IEEE@"-‘E’ a (hi‘é:[i MG u ks SE(E% T T | Hex \i?',li A EE?;EIEIJE B m:[i G ATxmegaiZEBl T Ko tool ssleded -

cd_rd2tdEa sxampla.c <
] | AR =

1 Ef 8l Solution'AST_CXAMFLE_SMEGAD: ' (1 project)

2 4 \file e BE | ASF_EXRMPLE_XMEGAB1L

3| m (4] Dependencies .

4 | * \brief AVR XMEGA C428¢8A LCD component Example - =] Qutput Ales 2 SOluth n

5 ‘ || = e

6 | * Copyrignt (c) 2611 Atnel Corporation. A1 rights reserved. . B @ Explorer

7| 1. Atmel Studio 5 B mnen

8 ® “\asT_license stert . i - [E1 boards

91" Editor e [ smrvices

19 * Redistribution end use in source and binary forms, with or without ®- [c wHls

1 * medification, are permitted provided that the following conditions are met: 5 (3 wmeca

12 | G [ boards

13 | * 1. Redistributicns of source code must retoin the abowe copyright notice, = [ companents

14 ' this 1ist of corditions and the following disclaimzr. i E [E1 drivers

15 | ‘ [ [ ukils

16 | * 2. Redistributicns in binary form must reproduce tie shave copyright notice,

17 ' this list of corditions and the following disclaimer in the docunentation

18 g and/or other materials provided with the diszrisution.

1w | *

] " 3. The name of Atmel may not bz used tc endorse or promote products derlvad

L : trom this sottwere without specitic prior writtzn sermissicn. B

2 | - ) led_ct2048a _example.c

3 * 4. This software mzy only be radistributed and used in connection with an

R *  Atmel microcentroller product. | >
100% ~ o ﬂ‘.’}bolut\ontxp\ovar-
Output - Lx
Shew outpu: frem; @ las ==

3. Output Window
ERTENY = FindResuts .

Building and debugging the project

1. In order to build the project, hit F7 or click on the Build button:
2. Make sure the Xplained board is connected to your PC via the Atmel JTAGICE3 debugger. Also connect the
Xplained board to the PC via a micro-USB cable. Refer Figure 3-5.

3. Then download the program by clicking on the Start Debugging and break button: 'l
4. Atmel Studio will ask you to select the Debug Tool. Select JTAGICE3 debugger as shown in Figure 3-6.

5. Once programmed, start the code execution by clicking on the green arrow: b
The Xplained board will then display the LCD example as shown in Figure 3-7.

The LCD project is a base project to which support for other modules such as RTC and PWM will be added.

Figure 3-5. Connecting Xplained board to PC via JTAGICE3 debugger.

Atmel AVR32852: Building Custom Application using ASF Example Projects [APPLICATION NOTE]
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Figure 3-6. Select JTAGICE3 debugger.

Select Tool

Please choose one of the tools below to start debugging.

Tools and Simulators Status ATsmegal 2881 Support

b AVR Simulatar Conngcted Ve

3 (/302000031200 Connected

Figure 3-7. Atmel XMEGA-B1 - LCD example.

3.2 RTC Support

Import the RTC module using the ASF wizard. Click on ASF wizard icon: A

2. The ASF Wizard window is displayed with the list of the available drivers, service and components. On the
right side of the window the list of the drivers is already added in the project. On the left are all the drivers,
services or modules available.

3. Select the RTC — Real Time Counter driver from the list, click on “Add to Selection” to include it in the project
and click on Next as shown in Figure 3-8. The next window is the Summary of Operations. It gives a detailed
view of which files will be added in the project and where they will be located. Refer to Figure 3-9.

4. Find an RTC project for XMEGA-B1 Xplained from the list of ASF example projects just like we did for the LCD
project. Refer to Figure 3-10.

Atmel AVR32852: Building Custom Application using ASF Example Projects [APPLICATION NOTE]
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Figure 3-8. Adding RTC module using ASF wizard.

Atmel Software Framework Wizard- Edit project ASF_EXAMPLE_XMEGAB1

Select Drivers, Components, and Services

Available Modules

Yersion: 3.1.3

Selected Modules

| Tin

Sleap Controler driver

WM - Man Yolatile Memary

M1 Sensor Board

Sensors - Sensor Device Stack,

SP1 - Serial Peripheral Intetface
SPI - Setial Petipheral Intetface Master (Comman APL) service

driver

Sensors - ATAYRSBINZ Sensor Board component
Sensors - ATAYRSBINAL Sensor Board component
Sensors - ATAYRSBLP1 Sensor Board component
Sensars - ATAYRSBPR1 Sensor Board companent
Sensars - Debug Driver Libraries driver

service
driver
driver

standard [/O {stdio) Interface driver
standard serial 10 (stdio) driver
System Clock Control service
TWI - Two-wire Inkerface driver
TWI - Two-wire Inkerface (Comman APT) service
Unit test framework driver

Name Type
Memary Control Access Interface service A

Genetic board suppart (driver)

GPIO - General purpose Input/OUtpL (service)

Sleep manager (service)

LCD SODIMATEL YMCC42048AAAVDCL (component) Full_matriz0

IOPCRT - InputjOutput Fort Cantroller (driver)

LCD controller driver {driver)

PMIC - Progranmable Mult-level Interrunt Controller (driver)

TC - Timer Counter (driver)

T

Figure 3-9. Summary of operation by ASF wizard.

Atmel Software Framework Wizard- Edit project ASF_EXAMPLE XMEGAB1

Summary of operations for selected options

= g5 RTC - Real Time Counter g
Qj Import Framework file as 'srchasfxmegaldriversirbcirte, o
Qj Import Framework file as 'src)asfixmegaldriversireciree B
=] Import Framework file as 'srchconfighconf_rko. b,

Qj Add Folder .. fsrcfasFixmegafdriversrtc’ to include search path.

Figure 3-10. RTC example for XMEGA-A1 Xplained.

New Example Project from ASF

ASF Version |3.1.3 | Device Family: | AvR xMEGA, 8-bit

v | category: Al

v | search for xample Proects

All Profects

W Praziity Sersor Calioration - KMEGA-AL Hplained
[ Prosimity Senscr Calibration - XMEGA-A3EL Kplained
B Prosiity Sensor Calibration - XMEGA-G1 Xplained
. Proximity Sensor Gesture Recognition - XMEGA-A1 Xplained
. Proimity Sensor Gesture Recognition - XMEGA-BL Zplained
B Pt Example 1 - Dimming LEDs - XMEGA-A1 Kplained
s P¥M Example 2 - LED Fading - XMEGA-A1 Kplained
B QTouch method Example Application - ATAMEGAL28AL - QTE0D
[ RTC Exaniple - STKE00 - ATxmegad2D4
[ RTC Exaniple - STKGO - ATxmeqada4ca
*RTC 1 ¥plained
. RTC Example - #plain
[ RTC3Z Example - STKS00 - ATxmegaZSeAse
I Serial Standard 1/0 (stio) Example - KMEGA-A] Kplained
[ Similar API For Serial Interfaces | Example - Xplain

B Sirvilze ADT Frr SOT Mackar Mada ¢ Fvzmnla - Yrlsin

[

Yersion: 3.1.3

RTC Example -
! XMEGA-A1
Kplained

Use the XMEGA RIC
modle - initislization, wse the
LEDs to show the Lt two
digits from thes i binary
coded decimal (BCD) and then
reschedues the alum in 1
sscond. [RTC Eanple -
HMEGA-Al  Xplaied -
ATsurgal 2841]

@ View Help

Note:  Since there is no RTC project for XMEGA-B1 Xplained in the list of ASF examples, we can use the example for

3.2.2 Porting relevant code from the RTC example project

the Atmel XMEGA-A1 Xplained. Since the ASF function calls are identical, it is possible to use an example
project meant for another device of the same family.

Now that the RTC module has been imported to our solution by the ASF wizard, we can port required code from ASF
RTC example to the custom project we are building.

1. Include asf.h header file to your Icd_c42048a_example.c as shown below:

Atmel

Atmel AVR32852: Building Custom Application using ASF Example Projects [APPLICATION NOTE]
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Note:  We could add rtc.h instead of asf.h. However, every time we import a module using ASF wizard, the new
header files are added to asf.h. Therefore including asf.h to our main .c file automatically includes these
new header files.

lcd_c42048a_example.c 3 BN | ==0s uark.h conf_ush.h conf_clock.
@ asf.h - |¢ I |ﬂ Z:A\Documents and Settingsiswapna, gurumani'

82 *

a3 * “section contactinfe Contact Informaticon

a4 * Far further information, wvisit

a5 * gf href="http:/ wew.atmel.com/" >Atmel< /A \n

36 *f

87  #include <compiler.h:

88  #include <board.h>

39  #include <conf_example.h:

98 #include <pmic.h>

91 #include <sleepmgr.hz

92 #include <string.h:

93 #include <sysclk.h>

94 #include <gpic.h>

95 #include <c42848a.h>

96 #include "asf.h"| e ——

2. To make room on the LCD screen to print RTC count, comment out all the LCD-related code except for
initialization function calls in your main () function as shown below:

Note:  To comment a block of code, select the code and press CTRL K+ C.

board_init();

c42048a_init();

c42048a_set_contrast(60);
c42048a_blinkrate_init(LCD_BLINKRATE_1Hz_gc);

//// Alphanumeric

//c42048a_set_text(lcd_text);

//// Numeric

//c42048a_set _numeric_dec(1245);
/7

//// All pixels "on" blinking

//c42048a_set_blink_screen();

//c42048a_wait_int_period(16);

//c42048a_clear_blink_screen();
//

//// AVR icon blinking alone

//c42048a_blink_pixel(ICON_AVR);

//c42048a_wait_int_period(16);
//

//// AVR icon on

//c42048a_set_pixel(ICON_AVR);
//

//// USB icon blinking

//c42048a_blink_pixel(ICON_USB);

//// AM is not part of blinking icons

//// AM will be ON only

//c42048a_blink_pixel(ICON_AM);
//

//// Display a progress bar graph value

Atmel AVR32852: Building Custom Application using ASF Example Projects [APPLICATION NOTE]
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//for(i=1; i<256; i+=16) {
//c42048a_bar_graph((uint8_t)i);
//c42048a_wait_int_period(1);

/1}

//c42048a_wait_int_period(4);

//

//// Blink entire screen 8 times

//c42048a_set_blink_screen();

//c42048a_wait_int_period(16);

//
//// Unblink all the screen
//c42048a_clear_blink_screen();
/7

while(true) {
sleepmgr_enter_sleep();

}

3. Copy the relevant lines of code from the RTC example project to the main () function of your XMEGA-B1
example project as shown below:
rtc_init();
rtc_set_callback(alarm);
cpu_irqg_enable();
rtc_set_alarm_relative(0);

4. Copy the alarm function, the RTC callback function, from the RTC project to your XMEGA-B1 project. All we
are doing in the RTC callback function is print the RTC count on the LCD screen and toggle an LED. Therefore
remove the body of the alarm function, retaining only the rtc_set_alarm api as shown below:

static void alarm(uint32_t time)

{
/* Since the current time will give alarm when rolling over to
* next time unit, we just call with that one.
* This is safe to here since it's called from a time unit roll
* over.
*/
rtc_set_alarm(time);
}

5. Add code in the alarm function to print the RTC count on the LCD screen. The following lines of code may be
used:

static int sec;
static void alarm(uint32_t time)
{
unsigned char lcd_text[25];
sec++;

/* Since the current time will give alarm when rolling over to
* next time unit, we just call with that one.
* This is safe to here since it's called from a time unit roll
* over.
*/
rtc_set_alarm(time);
sprintf(lcd_text, "RTC:%d", sec);
c42048a_set_text(lcd_text);

Atmel AVR32852: Building Custom Application using ASF Example Projects [APPLICATION NOTE]
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Note:  The c42048a_set_text APl was derived from the original LCD code that was commented out. This way we can
borrow code from original ASF examples to perform the required action.

6. Add code in the alarm function to toggle LED1.
LED_Toggle(LED1);

Note:  Definitions for GPIO pins such as LED1 are found in the xmega_b1_xplained.h header file. This header file has

all the “board level” definitions.

7. Include stdio.h and led.h header files to Icd_c42048a_example.c as shown below:

led_c42048a_example.c % [IEMSSAICERS uart.h conf_ush.h conf_clack.h
{3 alarm o ‘3 I ¥ static vaid alarm{uint32_t time){...}

84 * For further information, visit

85 * <A href="http://vww.atmel . com/" >Atmel</A%. \n

6 Y

87  #include <compiler.h>
88  #include <board.h>

89  #include <conf_example.h>
98 #include <pmic.h>

91 #include <sleepmgr.h>
92  #include <string.h>
95 #include <sysclk.h>
94 #include <gpio.h>

95  #include <(426455J}
96  #include "asf.h"

97  #include "led.h"

98  #include <stdio.h>

8. Rebuild the project by clicking on Build -> “Rebuild Solution” and debug. Now the RTC count is displayed on
the LCD screen and the LED1 is being toggled every second.

3.3 PWM support
1. Import the PWM module using the ASF wizard as shown in Figure 3-11.

2. Find a PWM example project for 8-bit AVR XMEGA, from the list of ASF example projects, as shown in Figure

3-12.

Figure 3-11. Adding PWM module using ASF wizard.

Atmel Software Framework Wizard- Edit project ASF_EXAMPLE_XMEGAB1_1

Select Drivers, Components, and Services Wersion: 3.1.3
Available Modules Selected Modules
N . ~
Show: Search for mock ':_ Generic board support {driver) ]
GPIO - General purpose Inputfoutput {service)
Mame Type :
= & Sleep manager {service
LD - ST7S65R Controller component )l L " aer !
maxTouch companent N USE Device COC (Single Interface Device) (service)
Memary Control Access Interface SErViCE USB/CDC Standard 1O (stdio) {component)
: = LCD SODIMATEL YMCCH2048884YDCL {component) [ Ful_matrixD v
ensors - ATAVRSEINI 2ensor Board companen W IOPCRT - Input/Cutput Port Contraller {driver)
Sensors - ATAYRSEINZ Sensor Board component
Sensors - ATAYRSBINAL Sensor Board companent LD contraller driver (driver) ol
Sensars - ATAYRSELP1 Sensar Board component: PMIC - Programmable Mulbi-level Interrupt Controller (driver)
Sensors - ATAYRSEPR L Sensor Board component "
- N A = W RTC - Real Time Cronker (oviver b

L Add to selection =

PWM service using timer/counter f 0 \@l

Service for basic PWM use that includes AP For quick setup of a XMEGA timerfcounter as single slope PWM in normal or inkerrupt mode, For advanced P use with direct access ko register,
please use the XMEGA timerfcounter driver,
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Figure 3-12. PWM example for XMEGA.

| Device Family: | AVR #MEGA, S-bit ~ | ategory: |All

! Proximity Sensor Calibration - XMEGA-A3EL Xplained
! Proximity Sensar Calibration - ¥*MEGA-EL Xplained
! Proximity Sensar Gesture Recognition - XMEGA-A1 ¥plained

B Froximity Sensor Gesture Recognition - XMEGA-B1 #plained
| - PwM Example 1 - Dimming LEDs - XMEGA-A1 #plained ||

! Pyl Example 2 - LED Fading - XMEGA-A1 xplained

3.3.2 Porting relevant code from the PWM example project

Now that the PWM module has been imported to our solution by the ASF wizard, we can port required code from ASF
PWM example to the custom project we are building.
1.  We are going to blink only one LED. Therefore copy only one set of pwm_init () and pwm_start ()
function calls from the PWM example project. For example:
struct pwm_config pwm_cfg;

pwm_init(&pwm_cfg, PWM_TCE®, PWM_CH_A, 500); /* PEO */
pwm_start(&pwm_cfg, 97);
2. Reduce the frequency to 10 and the duty cycle to 5, in the above lines of code so it is easier to observe the
LED blink:
pwm_init(&pwm_cfg, PWM_TCE@, PWM_CH_A, 10); /* PE@ */
pwm_start(&pwm_cfg, 5);

3. Referring to the hardware user guide of the XMEGA-B1 Xplained board, we find that pin 1 of J4 is connected
to PEO which is the I/O pin connected to the PWM output. Refer to Table 3-1.

4. Rebuild the project by clicking on Build -> “Rebuild Solution” and debug.

5. If an LED is connected to pin 1 of header J4, it will be blinked by the PWM module at the rate set by the code.
Alternately, if a logic analyzer is connected to the pin 1 of header J4 the PWM waveform is seen.

Table 3-1.  J4 1/0 expansion header.

E-_ XMEGA pin | Shared with onboard functionality

OCOA 7im /OCOLA spiit Tim QTOUCH®0 (PEO)

2 OCOB 1im /OCOLB spiit Tim PE1 QTOUCH1 (PE1)
XCKO ysarT

3 OCOC 1im /OCOLC spiit Tim PE2 QTOUCH2 (PE2)
RXDO ysarT

4 OCOD 1im /OCOLD spiit Tim PE3 QTOUCHS (PE3)
TXDO usart

5 OCOA swap Tim /OCOHA spjit Tim PE4 Power LED (PE4)
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4. Building custom application on SAM3S-EK

We will now develop a sample application for the SAM3S-EK similar to the one developed for XMEGA. The RTC count
is displayed on the LDC display. The PWM module is used to blink an LED.

4.1 LCD support

1. Open Atmel Studio 6 and click on New Example Project from ASF. Alternately click on File -> New -> “Example
Project from ASF...".

2. In the New Example Project window, select SAM3, 32-bit for the Device Family and select “ILI9325 LCD
Controller Example — SAM3S-EK” in the example list as shown in Figure 4-1.

3. Enter ASF_EXAMPLE_SAMS3S as project name. Create a new folder called SAM3S in “My Documents\Atmel
Studio” and select that folder as your location to save your new project.

4. Accept the license agreement and click Finish.
To the LCD project we will add support for RTC and PWM modules just like we did for XMEGA.

Figure 4-1. LCD Example project for Atmel SAM3S-EK.

New Example Project from ASF

ASFVersion 2.1.3 | Devics Famly: {5aM3, 32+t o | categorys || Search for Evample rcpects &
. X s L2325 LCD Con-
Bl Projects ‘ [y Geting Started Applicaton - SAMANEK - h troller Exaniple -

[y GettingStarted Application - SAMISEK SAM3S-EK

[y Getting-Started Appication - SAM3S-EK2 i g o g

[y Getting-Started Application - SAM3L-EK pictwss and strings o the

iy Getting-Started Applcation - SAM3L-EK L9325 10D controller

[y HE3475 LCD Cantroler Example - SAMALHEK [IL19325 LCD Controller Ex-
HEB347A LCD Controler Example - SAM3X-EK sl o SEMIEEK

& ontraller Exanple - SAMI3K Seigan

By 1L19225 LCD Controller Example - SAMSN-EK

W View Help

> D Cantroller Example - SAMaS-EF.
[y MATRIX Example - SAM3N-EK
[y MATRIX Exarple - 5AM3S-EK
[y MATRIX Exanple - SAM3S-EKZ
[y MATRIZ Exampls - SAMAL-EK
[y MATRIX Example - SAM33-EK
[y Periphersl DMA Controller Example - SAMAN-EK
[y Periphersl DMA Controller Example - SAM35-EK
[y Periphersl DMA Controller Example - SAM3S-£K2

= smsser ] | o
Project Mame:  1L[9325_EXAMPLEZ ‘
Location: | CHiDocuments and Sektngslsapna.qurumanipty Documerts|Atmel Studo [ Browse... |
Solution; | Add to Solutian |

Solution name: || EXAM ]

Device: ATSAM3S4C

4.2 RTC support

1. Import the RTC module using the ASF wizard as shown in Figure 4-2.

2. Find an RTC project for Atmel SAM3S-EK from the list of ASF example projects just like you did for the LCD
project. Refer to Figure 4-3.
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Figure 4-2. Adding RTC module using ASF wizard.

Atmel Software Framework Wizard- Edit project IL19325_EXAMPLE1

Select Drivers, Components, and Services Yersion: 3.1.3

Available Modules Selected Modules

Show Sarch For mo -~ Generic board support (driver)
B Gliar >

System Clack Control {service)

Marne Type

# [ GPIO - General purpose InpukfOutput {service!
Memary Control Access Interface service -~ & - PP PLEOUERUE | d
PDIC - Peripheral DMA Contraoller driver N | Display - AAT31:4x Backlight Controller {component)
P4/ - Pulse Width Modulation :’?"Er Display - ILI9325 LCD Controller {compaonent)

SMIC - Static Memory Controller (driver)

d PIC - Parallel InputfOutput Controller {driver)

Sleep manager service
SPI - Serial Peripheral Interface driver PME - Power Management Controller (driver)
SPI - Serial Peripheral Interface Master (Carnmon APT) service UART - Univ, Async Rec/Trans (driver)
SSC - Synchronous Serial Controller driver
SUPC - Supply Controller driver
T - Timer Counter driver
TWI - Two-wire Interface driver
TWI - Two-Wire Interface {Common APT) service
Unit test framework driver N
USART - Serial interface service
USART - Uniw, Svn Async Rec/Trans driver
USE Device CDC (Composite Device) service
USE Device CDC (Single Interface Device) service
USE Device HID Genetic (Composite Device) service -

h

(e ) I

RTC - Real Time Clock ¢ 0 @ =

The Real-time Clock combines a complete time-of-day clock with alarm and a two-hundred-year Gregorian calendar, complemented by a programmable periodic interrupt.

Finish Cancel

Figure 4-3. RTC Example project for Atmel SAM3S-EK.

New Example Project from ASF
ASF Yersion Device Family: EF\MS, 32-bit v-] Category: | Al v

&l Projects

. UM SYNC Example - SAM3S-EK2
. UM SYNC Example - SAM3U-EK

W RTC Example - SAM35-EKZ2
[y RTC Example - SAM3U-EK
[y RTC Example - SAM3H-EK

4.21 Porting relevant code from the RTC example project
1. Comment out all the LCD-related code except for initialization function calls as shown below:

Note:  To comment a block of code, select the code and hit CTLR K+C.

sysclk_init();
board_init();

/* Enable peripheral clock */
pmc_enable_periph_clk(ID_SMC);

/* Configure SMC interface for Lcd */
smc_set_setup_timing(SMC,ILI9325_LCD_CS,SMC_SETUP_NWE_SETUP(2)

| SMC_SETUP_NCS _WR_SETUP(2)

| SMC_SETUP_NRD_SETUP(2)

| SMC_SETUP_NCS_RD_SETUP(2));
smc_set_pulse timing(SMC, ILI9325 LCD_CS , SMC_PULSE_NWE_PULSE(4)
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| SMC_PULSE_NCS_WR_PULSE(4)
| SMC_PULSE_NRD_PULSE(10)
| SMC_PULSE_NCS_RD_PULSE(10));
smc_set_cycle_timing(SMC, ILI9325 LCD_CS, SMC_CYCLE_NWE_CYCLE(10)
| SMC_CYCLE_NRD_CYCLE(22));
smc_set_mode(SMC, ILI9325_LCD_CS, SMC_MODE_READ_MODE
| SMC_MODE_WRITE_MODE
| SMC_MODE_DBW_8_BIT);

/* Initialize display parameter */

g 1119325 display opt.ul_width= ILI9325_ LCD_WIDTH;
g_11i9325_display_opt.ul_height = ILI9325_LCD_HEIGHT;
g 11i9325_display_opt.foreground_color= COLOR_BLACK;
g 1119325 _display_opt.background_color = COLOR_WHITE;

/* Switch off backlight */
aat31xx_disable_backlight();

/* Initialize LCD */
i1i9325_init(&g_i1i9325_display_opt);

/* Set backlight level */
aat31xx_set_backlight (AAT31XX_AVG_BACKLIGHT_LEVEL);

i1i9325_set_foreground_color(COLOR_WHITE);
i1i9325 draw_filled_rectangle(®, ©, ILI9325 LCD_WIDTH, ILI9325 LCD_HEIGHT);

/* Turn on LCD */
1119325 _display_on();

/* Draw text, image and basic shapes on the LCD */
//11i9325_set_foreground_color(COLOR_BLACK);
//11i9325_draw_string(10, 20, (uint8_t *)"ili9325 lcd example");
//11i9325_set_foreground_color(COLOR_RED);
//11i9325 draw_circle(60, 160, 40);
//11i9325_set_foreground_color (COLOR_GREEN);
//11i9325 draw_circle(120, 160, 490);
//1119325_set_foreground_color(COLOR_BLUE);
//11i9325 draw_circle(180, 160, 490);

//
//11i19325 set_foreground_color(COLOR_VIOLET);
//11i9325 draw_line(@, 0, 240, 320);

2. Copy the relevant lines of code from the RTC example project to the main() function in your SAM3S example
project as shown below:

/* Default RTC configuration, 24-hour mode */
rtc_set_hour_mode(RTC, 0);

/* Configure RTC interrupts */

NVIC_DisableIRQ(RTC_IRQn);
NVIC_ClearPendingIRQ(RTC_IRQn);
NVIC_SetPriority(RTC_IRQn, 9);

NVIC_EnableIRQ(RTC_IRQn);

rtc_enable_interrupt(RTC, RTC_IER_SECEN | RTC_IER_ALREN);

/* Refresh display once */
refresh_display();
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3. Copy the RTC_Handler function, the RTC callback function, from the RTC project to ili9325_example.c in your
ASF_EXAMPLE_SAM3S project. Since we are not doing any “alarm” related activity, just copy a portion of the
RTC_Handler function as shown below:

void RTC_Handler(void)

{
uint32_t ul_status = rtc_get_status(RTC);
static uint32_t dw_duty = @; /* PWM counter value */
/* Second increment interrupt */
if ((ul_status & RTC_SR_SEC) == RTC_SR_SEC) {
/* Disable RTC interrupt */
rtc_disable_interrupt(RTC, RTC_IDR_SECDIS);
refresh_display();
rtc_clear_status(RTC, RTC_SCCR_SECCLR);
rtc_enable_interrupt(RTC, RTC_IER_SECEN);
}
}

4. Copy the refresh_display function from the RTC project to ili9325_example.c in your ASF_EXAMPLE_SAM3S
project. This function gets the latest RTC information and prints it on the LCD screen. Since we are only
displaying the time information, we don’t need to copy the entire refresh_display function from the RTC project.
We only need the following portion of the project copied to our ASF_EXAMPLE_SAMS3S project:

static void refresh_display(void)

{
uint32_t ul_hour, ul_minute, ul_second;
unsigned char time_string[16];
/* Retrieve date and time */
rtc_get_time(RTC, &ul_hour, &ul _minute, &ul_second);
rtc_get_date(RTC, &ul_year, &ul _month, &ul_day, &ul_week);

/* Update current date and time */
sprintf(time_string, " Time: %02u:%02u:%02u ",
ul _hour, ul_minute, ul_second );

i1i9325_set_foreground_color(COLOR_WHITE);

i1i9325 draw_filled_rectangle(20, 180, 220, 210);
i1i9325_set_foreground_color(COLOR_DARKBLUE);
i1i9325_draw_string( 20, 180, (uint8_t *)time_string ) ;

Note:  The ili9325_ XXX function calls were derived from the original LCD code that was commented out. This way we
can borrow code from original ASF examples to perform the required action. Take a moment to understand
what we are doing here and why.

4.2.2 Building and debugging the project

2. Make sure the SAM3S board is connected to your PC via SAM-ICE debugger as shown in Figure 4-4.
3. Connect the power chord to the SAM3S board.

4. Then download the program by clicking on the Start Debugging and break button: il
5. Atmel Studio will ask you to select the Debug Tool. Select SAM-ICE debugger as shown in Figure 4-5.

Atmel AVR32852: Building Custom Application using ASF Example Projects [APPLICATION NOTE]

A t m eL 32198A-AVR-10/2012 1 9



6. Once programmed, start the code execution by clicking on the green arrow: s

Figure 4-4. Connecting the Atmel SAM3S-EK board to a PC via the Atmel SAM-ICE debugger.

Figure 4-5. Select SAM-ICE debugger.

Salect Tool

Please choose one of the toals below ta start debugging,

Tools and Simulators Status ATSAM3S4C Suppart

The RTC time is displayed on the LCD screen as shown in Figure 4-6.
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Figure 4-6. Atmel SAM-3S-EK board displaying RTC time.

Time: @9:@5:12

4.3 PWM support

1. Import the PWM module using the ASF wizard as shown in Figure 4-7.
2. Find a PWM example project for SAM3, 32-bit, from the list of ASF example projects.

Figure 4-7. PWM Example for SAM3S-EK.

New Example Project from ASE

ASE Version Device Family |5AM3, 32-hit ~ | [ategary:

All Projects [ 1 o e e e e
l Peripheral DMA Controller Example - SAM3X-EK

Cateqory l PMC Clock Switching Example - SAM3N-EK

Technology: l PMC Clock Switching Example - SAM35-EK

l PMC Clock Swikching Example - SAM3S-EKZ
l PMC Clock Swikching Example - SAM3J-EK
l PMZC Clock Switching Example - SAM35-EK
Pl Led Example - SAM3N-EL
* Pl Led Example - SAM33-EK

PYM Led Example - SAM35-EKZ2
l P'M Led Example - SAM3-EK
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4.3.2

1.

Porting relevant code from the PWM example project

Copy the relevant lines of code from the PWM example project to the main() function in your SAM3S example
project as shown below:

/* Enable PWM peripheral clock */
pmc_enable_periph_clk(ID_PWM);
/* Disable PWM channels for LEDs */
//pwm_channel_disable(PWM, PWM_CHANNEL_LED © | PWM_CHANNEL_LED 1);
pwm_channel_disable(PWM, PWM_CHANNEL_LED 1);
/* Set PWM clock A as PWM_FREQUENCY * PERIOD_VALUE (clock B is not used) */
pwm_clock_t clock_setting = {
.ul_clka = PWM_FREQUENCY * PERIOD_VALUE,
.ul_clkb = o,
.ul_mck = sysclk get _main_hz()
¥
pwm_init(PWM, &clock_setting);
/* Initialize PWM channel for LED® (period is center-aligned and output waveform starts

at a low level) */

2.

Atmel

pwm_channel_led.alignment = PWM_ALIGN_CENTER; /* Period is center-aligned */
pwm_channel _led.ul_prescaler = PWM_CMR_CPRE_CLKA; /* Use PWM clock A as source clock */
pwm_channel_led.ul_period = PERIOD_VALUE; /* Period value of output waveform */
pwm_channel_led.ul_duty = INIT_DUTY_VALUE; /* Duty cycle value of output waveform */
pwm_channel_led.channel = PWM_CHANNEL_LED_1;

pwm_channel_init(PWM, &pwm_channel_led);

/* Enable PWM channels for LEDs */

pwm_channel_enable(PWM, PWM_CHANNEL_LED 1);

pwm_on = true;

Reduce the frequency, period and duty cycle to a value that allow you to observe the LED blink:
/** PWM frequency in Hz */

//#define PWM_FREQUENCY 1000

#define PWM_FREQUENCY 50

/** Period value of PWM output waveform */
//#define PERIOD_VALUE 100

#define PERIOD_VALUE 20

/** Initial duty cycle value */
//#define INIT_DUTY_VALUE 25
#define INIT_DUTY_VALUE 5

Rebuild the project by clicking on Build -> “Rebuild Solution” and debug. The LED is blinked by the PWM
module as shown in Figure 4-8.
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Figure 4-8. LED controlled by PWM module.

mbest 1130151
| BOM Rev 003
| SAM3S-EK Rev.C

ZETe R
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5. Porting to Atmel SAM4S-EK

ASF makes it seamless and easy to port projects within the same family of microcontrollers with just copy and paste of

code.

A new, empty project from a blank template for SAM4S-EK board is created. By simply copying a few files from

the previous Atmel SAM3S-EK project the same application is re-created for SAM4S-EK board.

1.
2.

8.

Create a new, blank project for Atmel SAM4S-EK. Click on File -> New -> Project as shown in Figure 5-2.

Click on AtmelBoards and from the list select SAM4S-EK, provide a project name and suitable location and
click OK. Refer to Figure 5-3.

Add the required ASF modules to the new SAM4S-EK project using ASF wizard. Open the ASF wizard for the
ASF_EXAMPLE_SAMS3S project and the new SAM4S-EK project.

Compare the included modules in the SAM3S and SAMA4S projects.

Add all the modules that are included in the SAM3S project which are missing in the SAM4S project viz.
System Clock control, Component LCD display, PMC, PWM, SMC, RTC and UART modules.

Select Next and accept the license agreement and hit Finish. Now we have the entire software framework
ready for the SAM4S-EK project.

Simply copy and paste the “main.c” and “conf_board.h” files from the SAM3S-EK project to the SAM4S-EK
project.

Rebuild and debug the project on a SAM4S-EK project.

Figure 5-2. Create a new blank project.

ASF_EXAMPLE_SAM3S_1 - AtmelStudio

File | Edit View WAssistX Project Debug  Tools  Window Help

New Y] eroect... Ctrl+Shift+N
CpEm O Fle. Cerl+h 3
Add 4 F,EE] Example Project from ASF.., Chrl+5hift+E

Close
_:_T_'f Close Solution
Impork 3

[l Save ASF_ERAMPLE_SAM3S_1.atsin Chrl+s
Save ASF_EXAMPLE_SAM3S_L.atsin As...
o

Save Al Chrl+3Shift+35

Export Template. ..

O Page Setup...

=4 Print... Chrl+P
Recent Files 3
Recent Projects and Solutions 3
Exit Alt+F4

Altmel
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Figure 5-3.

New Project

Installed Templates

R

UserBoards
Assembler

Atmel Studio Solution

Mame:
Location:
Solution:

Solution name:

Create a new blank project for SAM4S-EK.

Sort byt | Default -

o]

2 Typer i+

This user application template cotains the
bare minimum of files needed to start a project
which wiorks with the ASF application buider
wizard, [User application template - SAM4S-EK
- ATSAM4S16C]

_E SAM3S-EKZ - ATSAMISDEC CicH+
E SAM3U-EK - ATSAMIU4E clc+
E SAM3X-EK - ATSAM3XEH ClC++
E SAM4S Kplained - ATSAMASIEC cic++
(E SAMAS-EK - ATSAMASIEC cicH++ ]
7! STKEOD - ATUC128D3 CicH+
STKEOO - ATxmegal 2541 CicH+
h STKEOO - ATxmegal2BA1U ClC++
h STKEOO - ATxmegaZS6A3 ClC++
n STKEOO - ATXMEgaZS6ATE cic++
Ba oo snmeneseacn) cicrs

~

| ASF_EXAMPLE_SAMAS

| C:iDocuments and Settingslswapna,gurumaniyily DocumentsiAtmel Studio

v [ erowse.. |

| create new solution

~|

| ASF_EXAMPLE_SAMAS

| [“lcreste directory for solution

The Atmel SAM4S-EK board is displaying the exact same application as the Atmel SAM3S-EK board.

Atmel
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6. Conclusion

The example project put together in this application note involved stitching together a number of peripherals and the
overall code complexity was non-trivial. However, 100% of the code was either generated to us by the ASF wizard or
was borrowed from several ASF example projects. Hence we were able to put together a complicated project rather
quickly without having to write a single line of original code. A user can thus concentrate on building his custom
application right away instead of having to code any low level initialization or adding any peripheral support. So this
makes it easy for even a non-Atmel user to quickly migrate to an Atmel platform. Also porting projects between different
microcontrollers of the same family is both seamless and trivial.
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