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Atmet TRAINING MANUAL

Getting Started with the SAM4L-EK Demo

AN-4553

Prerequisites

e Hardware Prerequisites
o Atmel® SAM4L-EK Evaluation Kit

e Software Prerequisites
e Atmel Studio 6.2
e Atmel Software Framework 3.17.0 or higher
e |atest J-Link/SAM-ICE™ Software and Documentation Pack
e Atmel SAM4L-EK Board Monitor firmware v1.3 or higher

e Estimated Completion Time: 45min

Introduction

The goal of this hands-on is to:

e Become familiar with the Atmel SAM4L-EK Evaluation Kit
e Run and test the SAM4L-EK Demo

e Compare the measured current consumption values with the datasheet
figures
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Icon Key ldentifiers

n INFO
TIPS

%¢ Topo
RESULT

n WARNING

a EXECUTE

Atmel

Delivers contextual information about a specific topic.

Highlights useful tips and techniques.

Highlights objectives to be completed.

Highlights the expected result of an assignment step.

Indicates important information.

Highlights actions to be executed out of the target when
necessary.

AN-4553 — TRAINING MANUAL: 42244B - 07/2014
Page 3 of 31



1.1

1.2

Atmel

Training Module Architecture

This training material can be retrieved through different Atmel deliveries:

e As an Atmel Studio Extension (.vsix file), which can be found on the Atmel Gallery web site
(http://gallery.atmel.com/) or using the Atmel Studio Extension manager

e As an Atmel Training Executable (.exe file) usually provided during Atmel Training sessions

Depending on the delivery type, the different resources needed to complete this training (hands-on
documentation, datasheets, application notes, software, and tools) will be found on different locations.

Atmel Studio Extension (.vsix)

Once the extension has been installed, you can open and create the different projects associated with the
training using the “New Example Project from ASF..."menu in Atmel Studio.

n INFO

The example projects installed through an extension are usually under “Atme1

Training > Atmel Corp. Extension Name”.

There are different projects which can be available depending on the extension:

e Hands-on Documentation: contains the documentation as required resources
e Hands-on Assignment: contains the initial project that may be required to start
e Hands-on Solution: contains the final application, which is a solution project for this hands-on

n INFO

Each time a reference is made to some resources in the following pages, the user
must refer to the Hands-on Documentation project folder.

Atmel Training Executable (.exe)

Depending on where the executable has been installed, you will find the following architecture which is
comprised of two main folders:

e AN-XXXX Hands-on: contains the initial project that may be required to start and a solution
e Resources: contains required resources (datasheets, software, and tools...)

SWCATMEL_TRAINING

Organize * Include in library «

Share with v 3> = 0l @

. Mame
0 Favorites ]

Bl Desktop
4 Downloads

. AN-X000(_Hands-on
. Resources
4# Dropbox

=1 Recent Places

n INFO

Unless a specific location is specified, each time a reference is made to some
resources in the following pages, the user must refer to this Resources folder.

AN-4553 — TRAINING MANUAL: 42244B - 07/2014
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2. Introduction to the Atmel SAM4L-EK

21 Atmel SAM4L-EK Description
Figure 2-1. ATSAM4L-EK Board Overview

J-Link OB USB connector(J1)

External power supply pins (5V)

ATSAMA4L USB connector Power Switch (USB or external)

(SW300)
(4309) pr—— Power LED
Board Monitor LEDs
RS485 pins
= Board Monitor Joystick

Board Monitor OLED Display

Xplained Sensor
Connectors (J4-J5)

Wireless module
connectors (J207)

RESET Push Button
Main segment LCD

Display (J207
play } User Push Button (PBO)

LED m—— Qtouch key

LDO inductor

= QTouch
Jumper —=F slider
;
Internal regulator mode
(LDO/BUCK) Jumper
Audio Jack
comecn ATSAMA4LC4
1 32kHz oscillator on top
I
== 12MHz oscillator on bottom side
n INFO The JTAG ICE interface is on-board. It has the exact same features as a standard J-

Link/SAM-ICE JTAG probe.
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2.2

23

Atmel

Powering the Board
The ATSAM4L-EK offers three interfaces to power the board:
e USB embedded debugger Segger J-Link OB (J1)

e USB ATSAM4LCA4C (J305)
e External 5V (DC) source connected to the J303 2-pin header

To select the USB or the external power supply, a mechanical switch is used (SW300).

The default kit configuration is using ATSAM4LC4C BUCK regulator configuration, where ATSAM4LCA4C is
powered at 3.3V (VDDIN, VDDIO, VDDANA).

WARNING For this hands-on, the power is supplied through the USB embedded debugger
Segger J-Link OB connector (J1). Take care to use it to get the measured values in
the correct range.

Atmel SAM4L-EK Board Monitor
The Board monitor is an on board tool which makes possible the chip current consumption real time tracing.
The Board Monitor features:

e 1x OLED display (128x64)

e 5xLEDs

e 1xjoystick

e 1x USART connected to the ATSAM4LC4C MCU

e 1x TWI connected to the ATSAM4LC4C MCU

n INFO The board monitor feature is implemented by an on board ATSAM3N4A MCU. The
SAM4LC4C sends commands to update the board monitor status through the UART.

The SAMA4L current consumption is directly displayed thanks to the on board OLED screen where the on
running specifications are also specified as:

e The Power Save mode: RUN, WAIT, RET, or BCKUP
e The Power Scaling mode: PS0 or PS1 (PS2 mode not supported for now)
e The CPU frequency: 12MHz in the Demo

e The Clock Source as described by the picture below: RC4M, the RC Oscillator 12MHz in the Demo

OLED Displa

Trace

Currentvalue

RUN PS1 12MHz RCAM
Power Save mode  Power Scaling mode | Clock source

CPU Frequency
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3.1

Atmel

Introduction to SAM4L Power Management Features

Low Power Techniques

The ATSAM4L4/L2 supports multiple power configurations to allow the user to optimize its power
consumption in different use cases. The Backup Power Manager (BPM) implements different solutions to
reduce the power consumption:

e The Power Save modes intended to reduce the logic activity and to adapt the power configuration.
See Section 3.1.1 Power Save Modes.

e The Power Scaling intended to scale the power configuration (voltage scaling of the regulator).
See Section 3.1.2 Power Scaling.

These two techniques can be combined together to reach the lowest consumption according to the
application performance requirement, as explained by the following picture:

POWER SCALING >
Max frequency = 36Mhz  Max frequency = 12Mhz Max frequency = 48Mhz
Normal Speed Flash ~ Nommal Speed Flash ~ High Speed Flash
RESET  Nominal Voitage Reduced Voitage Nominal Voltage
BPMPMCONPS=0  BPMPMCONPS=1  BPMPMCON.PS=2

RUN

CPU Clock OFF
4 sub-modes

WAIT

All Clocks OFF
SleepWalking

S3A0OW IAVS HIMOd

RETENTION

All Clocks OFF
Full chip retention

BACKUP

' Core Domain OFF
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3.1.1 Power Save Modes

At power-up or after a reset, the ATSAM4L4/L2 is in the RUNO mode. Only the necessary clocks are enabled
allowing software execution. The Power Manager (PM) can be used to adjust the clock frequencies and to
enable and disable the peripheral clocks. When the CPU is entering a Power Save Mode, the CPU stops
executing code. The user can choose between four Power Save Modes to optimize power consumption:

e SLEEP mode
The Cortex®-M4 core is stopped, optionally some clocks are stopped, and peripherals are kept
running if enabled by the user.

e WAIT mode
All clock sources are stopped; the core and all the peripherals are stopped except the modules
running with the 32kHz clock if enabled. This is the lowest power configuration where SleepWalking
is supported.

e RETENTION mode
Similar to the WAIT mode in terms of clock activity. This is the lowest power configuration where
the logic is retained.

e BACKUP mode
The Core domain is powered off, the Backup domain is kept powered. A wake up source exits the
system to the RUN mode from which the Power Save Mode was entered.

ﬂ INFO A reset source always exits the system from the Power Save Mode to the RUNO mode.
The configurations of the 1/O lines are maintained in all Power Save Modes. Refer to
the BPM chapter: “I/O lines pin muxing”.

%‘-— TIPS For more information, refer to the Atmel AT01777: SAM4L Schematic Checklist
document available on Atmel web site.

3.1.2 Power Scaling

The Power Scaling technique consists of adjusting the internal regulator output voltage (voltage scaling) to
reduce the power consumption. According to the requirements in terms of performance, operating modes,
and current consumption, the user can select the Power Scaling configuration that fits the best with its

application.
VIDDINI__I Voltage | ) vbpour PS=0' PS=1
Regulator | |=— 18V it
VDDOUT : —\—
0 1.2V ,
VDDCORE ) : rime
{1 Core Domain
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3.2 Internal Voltage Regulator Modes
The ATSAMA4L internal voltage regulator has two modes; switching or linear mode depending of
BUCK/LDOn pin value.
e When this pin is low, the regulator is in linear mode and VDDOUT must be connected to
VDDCORE externally
e When this pin is high, it behaves as a switching requlator and an inductor must be placed
between VDDOUT and VDDCORE
Internal regulator modes are chosen depending on the VDDIN application’s value as described in the on the
next page.
e |f the VDDIN range is 2.3V<VDDIN<3.6V, the switching mode is advised to have the optimal power
efficiency
e [f the VDDIN range is 1.68V<VDDIN<2.3V, the linear mode is advised
This voltage regulator configuration has to be set once for all when designing the schematic by using a pull up
or a pull down on the BUCK/LDO pin depending on the chosen mode.
The BUCK/LDO is sampled on power on reset and remains available for the application after reset.
Figure 3-1 shows the mandatory requirements for the power supply in the two modes.
Figure 3-1. Internal Voltage Regulator Configuration Choice versus VDDIN
VDDIN Voltage
168V 180V 200V 2.30v 3.60V
Switching Mode
{BUCK/LDON
(PA02) =1)
Linear Mode
{BUCK/LDON
(PA02) =0)
Fepumax
PowerScaling
Typical power
consumption in
RUN mode
Typical power
consumption in
RET mode
Note 1. The SAM4L boots in PS0 on RCSYS(115kHz), then the application must switch to
PS1 before running on higher frequency (<12MHz)
TIPS For more information, refer to the Atmel AT01777: SAM4L Schematic Checklist
document or on Atmel web site.
n INFO The SAM4L-EK board is configured in BUCK mode by default.
Atmel AN-4553 — TRAINING MANUAL: 42244B - 07/2014
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4, Assignment 1: Configure and Build the SAM4L-EK Low Power and QTouch
Demo Application

N
k—"’ TO DO Open the SAM4L Low Power and QTouch® Demo project from ASF.

e Open Atmel Studio and click on New Example Project...:

Start Page X

@ Mew Project...

[Bel Mew Example Project...

@ Open Project...

In the New Example Project window, select:

e Device Family: SAM4, 32-bit
e ASF latest version
e Kit section then SAM4L-EK as Kit

P —
MNew Example Project from ASF or Extensions L I

Device Family: | SANM, 32-bit v | Category: |AII v | Search for Examy

4 5] Atmel - Atmel Corp. (1122] [3170 ~

- (=] ATPL230AME [ 35)
Technology 2] SAMAC-EK ( 85)
(=] SAMACMP-DE [ 54)
(= SAMACMS-DE (54)
(=] SAMACP1GEME (54)
(= SAMYE-EK (1132)
(= SAMAE-XPRO [ 28)
Eﬂ SAMAL Xplained Pro [ 158)
A 1] SAMALS Xplained Pro (92)
4 (3] SAMAL-EK (99)
. ABDACE - Audio Bitstream DAC Exarnple - SAMAL-EK
| ACIFC Example - SAMAL-EK

Category

e Then select SAM4L Low Power and QTouch Demo - SAM4L-EK in the example list

Atmel AN-4553 — TRAINING MANUAL: 42244B - 07/2014
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e Fill-in New Project fields according to following use cases:

Atmel Training Executable Case

Name: Hands-On Assignment

Location: “AN-4553 SAMA4L-EK_Getting_Started_w_Demo\assignments”
(relative path in the ATMEL_TRAINING installation folder)

Solution name: Hands-On Assignment
Click OK

Atmel Extension Case (downloaded from Atmel Gallery or Studio Extension Manager)

¢ Name: Hands-On Assignment

e Location: existing Hands-on Documentation solution path

e Solution name: Hands-On Documentation

e Click OK

" bew Example Project from ASF or Extensions r I i

Device Famibys | SAMM, 32-bt = | I [N Serch for Example Project :
e Pty it : SAML Low Power and

9 GPIO Interrupt Example - SAMAL-EK - |_| QTomch  Demo -

4 HMATFRDB Exaeriple - SAMAL-EK SAAML-EK

i LCDCA Controller Expmple « SAMAL-EX SAMAL is muoning with either

B Perpheral DMA Controller Exarmple - SAMAL-EX LCD and QTouch Hbrary enabled

[ PICOUART Exarnple 1 - SAMAL-EK ot dn low pomer slep mode

= 22 with AES - SANML-EK [FAMHL Low Power mnd QTouck

—virs P OTouch AL Demo . SAMIL-EK

B SAMML Low Poswer and QToush Demo - SAMAL-EK ATEANALCAC)

4 Set of unit tects for ABDACE - Ausdio Bitstresm DAC Module - SAMIL-EK i Ie 1

4 Set of unit tests for AESA - Advanced Encryption Standard Module - SAMAL-EK E
19 Set of unit tests for Backup Power Manager driver - SAMAL-EK
4 Set of unit tests for HMATRIXE « H5E Bus Matric - SAMAL-EK

[ 5P1 Examiple - SARML-EK

9 TWISLANE examnple - SAMYL-EK

Set of unit tests for I5C - Irter-BC Sound Controller - SANAL-EK
Set of unit tests for PECOUART - Picopower UART - SANAL-EK
Similar AF] for Senial Imterfaces Example - SANL-EK

Sirnilar AF] for 5P Master Mode Example - SAMML-EK

TC Capture Waveform Exsmple - SAMEL-EX

Project Mame:  Hands-on Assignment

- SAMAL EY

e Accept the different license agreements and click on Finish

RESULT

Atmel

The SAM4L Low Power and QTouch Demo project is now copied and loaded, and
then Atmel Studio 6 Solution should appear.

AN-4553 — TRAINING MANUAL: 42244B - 07/2014
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n WARNING By default, each Studio project is configured to connect to the target using JTAG
interface. However, the SAM4L-EK board is designed to use the Serial Wire Debug
protocol (SWD) instead of standard JTAG. Thus, the project has to be correctly
configured to use the SWD interface in order to be able to program the chip.

l—l-l S
k—"’ TO DO Configure the project to use the SWD protocol instead of JTAG.

e From the solution explorer window, right click on the Hands-on Assignment project file and select

“Properties”
Solution Explorer B
5
| 5;utior1 'Hands-on Assignment1{1 project)
[ Deper £ Build
[Zd Outpy Rebuild
[» [« Librar Clean
> LIS | 2 Copy Full Path
[+] Collapse
Add 3
“o Add Library
Set as StartUp Project
Y AsFwizard
View Example Project Help J
“® CMSIS Update From Atmel...
ELE Export as example extension (vsix)
6!'5 Cut Ctrl+X
X Remove Drel
Rename F2
8, ASF Explorer Unload Project
Properties Properties
Atmel AN-4553 — TRAINING MANUAL: 42244B - 07/2014
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e Connect the SAM4L-EK to the computer using J-Link USB connector (J1)

e Now select:
e Tool tab
e Then, J-Link debugger/programmer
e Finally the Serial Wire Interface (SWD)

Hands-on Assignment™ > ISR Start Page

Build

Configuration: | M/A Platform: | M/A
Build Events
Toolchain Selected debugger/programmer

Device J-Link = 000480008967 -] Interface:

' Tool
SWD Clock

Advanced :| A4,00MHz

The dock frequency should not exceed target CPU speed * 10,

e Save the new project properties to apply them, by clicking on the save button: =

RESULT Your project is now configured to use the SWD interface to correctly program your
SAM4LC4 chip.

Atmel AN-4553 — TRAINING MANUAL: 42244B - 07/2014
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l—l]‘
TO DO Build, program, and run the SAM4L Low Power and QTouch Demo project.

e Check that your working project is the one that will be compiled by right clicking on it from the
Solution Explorer view and click on “Set as StartUp Project”

4 |/ LCDCA_Hands-On|
[24| Dependenci (%% Build

[=d Output File Rebuild
[ [=3] Libraries T
4 |7 src san
4 @ ASF Project Dependencies...
b [ad com Project Build Order...
!
> Esm '
[> [od third

4 B con PR
(1] fortf Set as Startlp Project
[n] fonf
[n] con =

[n] conf @ View ASF Example Project Help

h f
I8l confy g Update From Atmel...
- asth
|£1 main.c EE Export as example extension (.vsix)
i% Find and Replace @ & Cut Ctrl+X
e X Remove Del
Properties
Rename F2
LCDCA_Hands-On Proje
- Unload Project
=] i
T Properties

a

e In order to build the project, click on the Build button:

u WARNING Make sure the SAM4L-EK board is connected to your PC with a Micro-USB cable
through the J-Link connector (J1) and not the USB SAMA4L one.

e Then download the program in the internal flash of the SAMA4L by clicking on the Start Debugging

and break button: Wl

b

e Once programmed, start the code execution by clicking on the green arrow:

RESULT The SAM4L Low Power and QTouch Demo Project is being executed and you should
see the main LCD displays that the demo is running.

TIPS When the debug session is running, the Stop button " stops program execution
and exits the debug session. If you want to stop the program but keep the debug

session active, simply click on the Pause button ! :

Atmel AN-4553 — TRAINING MANUAL: 42244B - 07/2014
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5. Assignment 2: Play with the SAM4L-EK Low Power and QTouch Demo

The goal of this assignment is to let you play with the Demo and understand its different features.

Current consumption that will be measured and displayed on the OLED screen will be explained later in a
dedicated assignment.

The SAM4L Low Power and QTouch demo implements different features:

e Low Power:
e Display ATSAM4LC4C power consumption on the board monitor OLED display
e Use of the Power Saving Modes
e Use of the Power Scaling Modes (PS0 and PS1)

e Segment LCD Controller support:
e Display text and text scrolling
e Hardware automatic animations

e Hardware touch (QTouch) support:
e One capacitive button
e One slider

In this assignment, you will demonstrate most of them by playing with the demo application.

n WARNING SAMA4L-EK Board Monitor firmware version must be at least v1.3 or higher or wrong
info could be displayed on the OLED display. If the firmware is strictly lower than
v1.3, refer to the ATSAM4L-EK User Guide on the web to understand how to
reprogram its latest version.

Atmel AN-4553 — TRAINING MANUAL: 42244B - 07/2014
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Here is the sequential flow chart of the SAM4L-EK by running the Low Power and QTouch demonstration
application:

OLED Display

Atmel

Board monitor V1.2
SAMAL-EK

Power ON

sPower Supply ON
oStartup screen

+Wait few seconds to switch
into first Mode

O

BACKUP Mode

*Segment LCD OFF

*Board monitor measuring in
progress

*Push BPO to restart the
sequence from mode 1

RETENTION Mode

*Segment LCD OFF

sBoard monitor measuring
in progress

*Push BPO to switch into

Mode 6

WAIT Mode

*Segment LCD OFF

*Board monitor measuring
in progress

«Push BP0 to switch into

Mode 5

Startup RUN Mode _

*Segment LCD Scrolling ON

sBoard monitor measuring in
progress

* Wait few seconds to switch

into Mode 2 -

( RUN
RUN mode with all

features

e Segment LCD Scrolling OFF

*Board monitor measuring in
progress

*Switch from PS1 to PSO by
touching CS0

K-Push BPO to switch into Mode 3

L2

RUN mode with no
features

eSegment LCD OFF

*Board monitor measuring
in progress
«Push BP0 to switch into

Mode 4 -

Several modes are implemented in the SAM4L Low Power and QTouch Demo application:
e Mode 1: “startup, RUN mode” (after power-on reset)

e Mode 2: “RUN mode with all features”

e Mode 3: “RUN mode with no features”

e Mode 4: “WAIT mode”
e Mode 5: “RETENTION mode”
e Mode 6: “BACKUP mode”

In the following assignments you will switch between both of these modes in order to see the impact on the
consumption directly from the board monitor OLED display.

Atmel

AN-4553 — TRAINING MANUAL: 42244B - 07/2014
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5.1 Mode 1: “startup, RUN mode” (after power-on reset)

From this mode:

e ATSAMA4LCAC is in active mode (12MHz on RC4M) with segment LCD and QTouch enabled

e ATSAMA4LCAC displays on the segment LCD:
e A scrolling text message “SAM4L-EK Demo”
e Scrolling animation to show SAM4L is in active mode

e ATSAMA4LCA4C sends trough the USART its internal status to the board monitor (power save mode,
voltage scaling, CPU frequency and clock source)

e The board monitor displays on the OLED display the current power consumption, power save
mode, power scaling mode, CPU frequency, and clock source of ATSAM4LC4C

"o
k—"’ TO DO Execute the “startup RUN mode” (after power-on reset).

e If not already done, stop the debug session once the SAM4L is programmed by clicking on the stop

button 4 , to run the demo in standalone without the AS6 Debugger running

e Push the onboard RESET button:

» RESET Push Button

Atmel AN-4553 — TRAINING MANUAL: 42244B - 07/2014
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e Check the demo status from the Segment LCD and from the Board monitor OLED displays during

the “startup, RUN mode”. The scrolling on the main segment LCD display must be ON during few
seconds.

Segment LCD

OLED Displa

Animation is on Trace

SAM4L-EK Demo Scrolling ON

U Currentvalue

RUN PS1 12MHz RCAM

Power Save mode  Power Scaling mode | Clock source

CPU Frequency

ﬂ INFO The “startup, RUN mode” (after power-on reset) will run only during five seconds
before automatically switching to the “RUN mode with all features”. The main

difference between these two modes is the main segment LCD scrolling, which is ON
in the “startup RUN mode”.

Vv RESULT The demo application is running well on the SAM4L-EK board.

Atmel AN-4553 — TRAINING MANUAL: 42244B - 07/2014
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5.2 Mode 2: “RUN mode with all features”

From this mode:

e The ATSAM4LCA4C is in RUN mode. ATSAM4LCA4C displays the voltage scaling mode (PS1 or
PS0) on the segment LCD and its active mode (RUN)

e Using QTouch capacitive button CS0 will change voltage scaling configuration (PS1 or PS0)
e The QTouch slider position will be displayed (0 ... 255) if a QTouch slider event is detected

e The ATSAM4LCA4C sends its internal status trough USART to the board monitor (power save
mode, voltage scaling, CPU frequency, and clock source) each time it changes

e Using PBO button will disable QTouch and segment LCD, the demo move to Mode 3

s
E—"’ TO DO Demonstrate the “RUN mode with all features”.

e Wait a few seconds till the OLED screen displays “RUN” as soon as the mode switches to the
“‘RUN mode with all features™

OLED Display

md RUN

e Check the demo status from the Segment LCD and from the Board monitor OLED displays during
the “RUN mode with all features” The scrolling on the main segment LCD display must be OFF in

this mode:
Soqmeni L0 _

 EREEEER RN NN OLED Displa

Qtouch - Animation
Slider = 125 E Is on
Position
RUN  PS1
rrrrrrrrerrrrrml
RLUN P51 12MHz RCard
Atmel AN-4553 — TRAINING MANUAL: 42244B - 07/2014

Page 19 of 31



e Switch the power scaling mode from PS1 to PS0 by touching the QTouch capacitive button CS0
to change voltage scaling configuration:

| Capacitive QTouch
Button (CS0)

e Check the demo status from the Segment LCD and from the Board monitor OLED displays during
the “RUN mode with all features” The scrolling on the main segment LCD display must be OFF
and the power scaling segments should display “PS0” instead of “PS17”. A significant impact on the
consumption should be observed (this will be explained later in the next assignment):

OLED Displa

ment LCD
NERRERRAANANET

Qtouch 2% An'ima!ion
Slider > 125 ** son
Position
RUN  [Pso |

RUN [ PSO \ 120Hz RCAM

RESULT Your board is running well the “RUN mode with all features”.

Atmel AN-4553 — TRAINING MANUAL: 42244B - 07/2014
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5.3 Mode 3 “RUN mode with no features”

From this mode:

e The ATSAM4LCA4C in active mode (12MHz on RC4M) with power scaling mode PS1. QTouch and
Segment LCD are disabled

e The ATSAM4LCA4C is executing the Fibonacci algorithm

e Using PBO button will enter the WAIT Power Save Mode and move the demo to Mode 4

R
k—‘" TO DO Demonstrate the “RUN mode with no features™

e Push the User button PBO to enter in the Mode 3: “RUN mode with no features”

User Push Button (PBO)

e Check the demo status from the Segment LCD and from the Board monitor OLED displays during
the "RUN mode with no features” the segment LCD should be OFF in this mode:

egment LCD

Segm
[ IEEEENEEENE NN

OLED Dispia

l—LCD is off

RUN PS1 120z RC4M

RESULT  Your board is running well the “RUN mode with all features”.
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54 Mode 4: “WAIT mode”

From this mode:

e The ATSAM4LCA4C is in WAIT mode with power scaling mode PS1

e The ATSAM4LCA4C sends its new internal status through the USART to the board monitor (power
save mode, voltage scaling, CPU frequency and clock source). The Board monitors displays a
splash screen indicating the new Power Save Mode (WAIT here).

e Using PBO button will enter the RETENTION Power Save Mode and move the demo to Mode 5

s
TO DO Demonstrate the “WAIT mode™

e As done previously, Push the User button PBO to enter in the Mode 4: “WAIT mode”

e Check the demo status from the Segment LCD and from the Board monitor OLED displays during
the “WAIT mode” the segment LCD should be OFF in this mode and the consumption variation
slope must be observable once the word “WAIT” has been displayed on the OLED screen:

OLED Display

Segment LCD
Liiieriinringnl

j——LCD is off

AT PS1 MKy RCAM

RESULT Your board is running well the “WAIT mode”, and you can see the impact on the
consumption directly from the board monitor.
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5.5 Mode 5: “RETENTION mode”

From this mode:

e The ATSAM4LCA4C in RET mode with power scaling configuration PS1

e The ATSAM4LCA4C sends its new internal status through USART to the board monitor (power save
mode, voltage scaling, CPU frequency and clock source)

e Using PBO button will enter the BACK-UP Power Save Mode and move the demo to Mode 6

R
E—"’ TO DO Demonstrate the “RETENTION mode”:

e As done previously, Push the User button PBO to enter in the mode 5: “RETENTION mode”

e Check the demo status from the Segment LCD and from the Board monitor OLED displays during
the “RETENTION mode”™ the segment LCD should be OFF in this mode and the consumption
variation spike must be observable once the word “RET” has been displayed on the OLED screen.

WARNING The spike appearing is very brief, therefore, prepare pushing the BP0 and then keep
your eyes focused on the OLED screen to see the spike.

OLED Duplyy

Segment LCD RET
Lt

l4——LCD is off

rrrrrrrerrrre el

RESULT Your board is running well the “RETENTION mode”, and you can see the impact on
the consumption directly from the board monitor.
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5.6 Mode 6: “BACKUP mode”

From this mode:

e The ATSAM4LCA4C is in backup mode with power scaling mode PS1

e The ATSAM4LCA4C sends its new internal status through USART to the board monitor (power save
mode, voltage scaling, CPU frequency and clock source)

e Using PBO button will go back to mode 1 in “startup RUN mode”.

R
E—"’ TO DO Demonstrate the “BACKUP mode”’:

e As done previously, Push the User button PBO to enter in the mode 6: “BACKUP mode”:

e Check the demo status from the Segment LCD and from the Board monitor OLED displays during
the “BACKUP mode”; the segment LCD should be OFF in this mode and the consumption variation
spike must be observable once the word “BCKUP” has been displayed on the OLED screen:

OLED Display

L VT BCKUP

¢—LCD is off

BC<uP = 120 RCAM

RESULT Your board is running well the “BACKUP mode”, and you can see the impact on the
consumption directly from the board monitor.

RESULT You are familiar with the Low Power Demo application; you can now make
measurements to evaluate the SAM4L power management.
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6.1

Atmel

Assignment 3: Board Monitor Measurements Versus Datasheet Values in
Switching Mode (BUCK)

In this assignment, you will make a comparison between values measured on the board monitor during the
last assignments and the values specified in the datasheet in switching mode.

Find Power Consumption Values According to the SAM4L-EK Low Power and QTouch Demo
Application

e
TO DO Open the product datasheet:

e To make this assignment, you need the SAM4L product datasheet:

Atmel Training Executable Delivery Case

e Open it from the Resources\Datasheet folder
(folder located in the ATMEL_TRAINING installation folder).

Atmel Studio Extension Delivery Case

e Download it directly from the Atmel Web site:
http://www.atmel.com/images/atmel-42023-arm-microcontroller-atsam4l-low-power-
lcd_datasheet.pdf.

The device datasheet contains block diagrams of the peripherals and details about implementing firmware for
the device. It also contains the electrical characteristics of the device.

e Go to the “Electrical Characteristics” section and look for the “Power Consumption” sub-section

e Find the configuration table which is the closest to our application configuration described below

ﬂ INFO Application configuration:

e Power Scaling Mode 1

e VDDIN = 3.3V

e Oscillators
e OSCO (crystal oscillator) and OSC32K (32kHz crystal oscillator) stopped
e RCFAST Running at 12MHz

e Clocks
e RCFAST used as main clock source
e CPU, AHB clocks undivided
e APBC and APBD clocks divided by 4
e APBA and APBB bridges off
e The following peripheral clocks running
e PM, SCIF, AST, FLASHCALW, APBC and APBD bridges
e All other peripheral clocks stopped

e CPU is running on flash with 1 wait state

AN-4553 — TRAINING MANUAL: 42244B - 07/2014
Page 25 of 31


http://www.atmel.com/images/atmel-42023-arm-microcontroller-atsam4l-low-power-lcd_datasheet.pdf
http://www.atmel.com/images/atmel-42023-arm-microcontroller-atsam4l-low-power-lcd_datasheet.pdf

6.2 Perform Measurements using SAM4L-EK Board Monitor

e
k—‘" TO DO Fill in the consumption comparison table below.

o WARNING A power OFF/power ON sequence has to be performed in order to make the
measurements. Stop the debugger and use the SW300 switch to power the board.

ﬂ INFO RUN mode typical consumption is expressed in yA/MHz. The Power Saving Modes are
in A.

Power scaling mode 1 (PS1) Datasheet Values SAMAL-EK Demo V.alues
(from board monitor)

Regulator mode BUCK BUCK
RUN mode with all features N/A

RUN mode with no features (Fibonacci)
WAIT mode (OSC32K/AST running)
RETENTION Mode (OSC32K running)
BACKUP Mode (OSC32K running)

RESULT You can see that the measured values from the application’s board monitor are
coherent with datasheet values.

Atmel AN-4553 — TRAINING MANUAL: 42244B - 07/2014
Page 26 of 31



Assignment 4: Compare Power Consumption Values Between Switching and
Linear Modes

In this assignment you will make the same measurements as in the previous assignments.

But this time, the internal voltage regulator has to be configured in linear mode.

%% TopoO

Set your board according to the internal voltage regulator LDO mode configuration.
Switch off the board power supply

Put the LDO/BUCK jumper in the correct position

Close the LDO inductor jumper to short the inductor used for the switching mode (BUCK)

x
o

Internal regulator mode

(LDO/BUCK) Jumper
LDO inductor

Jumper

RESULT

Your board is now configured to run in LDO mode.

Atmel
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R
L—‘" TO DO Complete the consumption comparison table below

e Power On the board

e Report measured values for the BUCK mode and measure their equivalent for the linear mode:

Power scaling Mode 1 (PS1) SAMA4L-EK demo values

(from the board monitor)

Regulator mode LDO

BUCK

Run mode with all features

RUN mode with no features (Fibonacci)

WAIT mode (OSC32K/AST running)

RETENTION Mode (OSC32K running)

BACKUP Mode (OSC32K running)

RESULT You should higher values for the Linear mode for each RUN mode, but not for the low

power modes: WAIT, RETENTION and BACKUP.

This conclusion follows Figure 7-1 from SA4L datasheet: as VDDIN = 3.3V, the

Linear Mode is then recommended to get optimal power efficiency.

Figure 7-1. Efficient Power Strategy

VDDIN Voltage
1.68v 180V 2.00V 230V 3. 60V

Switching Mode
(BUCK/LDON
(PAD2) =1)

Linear Mode
(BUCK/LDON
(PAD2) =0)

Fepumax

PowerScaling

Typical power
consumption in
RUN mode
Typical power
consumption in
RET mode
Note 1. The SAM4L boots in PS0 on RCSYS(115kHz), then the application must switch to
PS1 before running on higher frequency (<12MHz)

Atmel AN-4553 — TRAINING MANUAL: 42244B - 07/2014

Page 28 of 31



Atmel

Conclusion
In this Hands-on, you have discovered the SAM4L main power management features.

You are now familiar with the SAM4L-EK evaluation Kit to design your own application starting from the
SAM4L-EK Low Power and QTouch demonstration application as a first example code supplied from the
Atmel Software Framework (ASF).

The board monitor has been introduced as a new design feature. Thanks to it, you performed a comparison
between values specified in the datasheet versus the ones provided by the board monitor measurements.

And finally, you performed a quick comparison between the two different modes of the internal voltage
regulator, linear versus switching mode.
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