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Migrating an Atmel Software Frameworks (ASF) Project
from ASFv3.3to ASFv4

INTRODUCTION

This application note provides an introductory look
into the migration of an Atmel Start ASFv3 project to
an ASFv4 project.

Due to ASFv4 optimizations for code density and
added flexibility, the two frameworks are mutually
exclusive. Which means an ASF v3.3 project cannot
be built upon by ASF v4.0. This will require a “ground
up” approach to project migration.

ASFv3

The ASF 3 architecture was developed with code-
size, performance and low power optimizations as
primary goals. Peripheral drivers and middleware
have been developed to provide a reduced design
cycle when using ASF-enabled projects.

The intention of ASF is to provide a rich set of proven
drivers and code modules developed by Atmel
experts to reduce customer design time. It simplifies
the usage of microcontrollers, providing an abstraction
to the hardware and high-value middleware.

ASF consists of source code modules and
applications demonstrating the use of these.

» Drivers is composed of adri ver. c and
dri ver. h file that provides low level register
interface functions to access a peripheral or device
specific feature. The services and components will
interface the drivers.

e Services is a module type which provides more
application oriented software such as a USB
classes, FAT file system, architecture optimized
DSP library, graphical library, etc.

« Components is a module type which provides
software drivers to access external hardware
components such as memory (e.g., Atmel
DataFlash®, SDRAM, SRAM, and NAND Flash),
displays, sensors, wireless, etc.

« Boards contains mapping of all digital and analog
peripheral to each I/O pin of Atmel's development
kits.

ASFv4

In Atmel Start, the drivers and software stacks are
provided as a part of the next iteration of Atmel
Software Framework (ASFv4). This version is built
from scratch and is a complete redesign and
implementation of the whole framework to resolve
issues reported by users and contributors of older
ASF versions and to better integrate with the Atmel
Start Web user interface. Still, it has been a goal to
keep ASFv4 feel familiar for experienced ASF users,
yet easy to get stated with for new users. Some
changes in ASFv4 have been necessary to meet the
requirements for this version, the most important
changes are listed in ASFv4 vs ASFv3 Benchmark of
the Atmel Start User Guide.

ASFv4 is tightly integrated into Atmel Start, which
means that the ASFv4 code can be much more
tailored to the user’s specification than before. For
instance, instead of using C preprocessor conditional
expressions to enabled/disable code blocks, disabled
code blocks can be removed entirely from the project
source which results in cleaner and easier to read
code. The integration into Atmel Start means that
software configuration is done in a much more user
friendly environment and the only configuration
information loaded on the device is the raw peripheral
register content which makes the firmware image
much more compact.

One important issue we have addressed is the
memory footprint and performance of ASF-based
code. Flash requirements for running ASFv3-based
code has been deemed too high by many users. This
has been addressed by using code generation and
changing the way peripherals are initialized.
Performance issues that has been reported is typically
high interrupt latency/slow code execution which has
been resolved by making the interrupt handlers
smaller and less complex.
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Migration

Unfortunately, there is not a way to directly migrate an
ASFv3 project to an ASFv4 project. With the new
Architecture and APIs, the only method of migration is
to rebuild the ASFv3 project from scratch with the
online Atmel Start tool (start.atmel.com). While this
may present a challenge now, future migrations will be
much easier between devices using an ASFv4 project
than a migration between devices using an ASFv3
project.

FIGURE 1:

STARTING THE EXAMPLE PROJECT

To step through the migration process, an example
project will be used from the ASF v3.3 example
project list. The example project used will be selected
for use with the SAMD21 Xplained Pro Evaluation Kit
board.

1. In Atmel Studio, load the ASFv3 Project by
selecting File > New > Example Project.

2. In the Device Family menu, select the
SAMD?21, as shown in Figure 1.

3. Click All Projects to display all Atmel Projects
and then select Quick Start for the SAM ADC
Driver (Callback) - SAM D21 Xplained Pro.

4. Click OK to create the project in the default
Studio workspace.

5. Compile and run the example project.

IMPORT ASFv3 EXAMPLE PROJECT

Mew Exampde Praject from ASF or Extensions

e

uick Start for the SAM ADC Driver (Callback) - 5AM D21 Xplained Pro
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6. Application Description

The example ADC program flowchart is shown in
Figure 2. The example application will start the ADC
to collect a set of samples and then wait forever once
the data collection is complete.

The application is very simple, but will need to be
broken into two steps for the migration. Step one,
outlined in red, will be to extract the needed
information from the System and ADC initialization in
ASFv3 for later use in Atmel Start. Step 2, outlined in
green, will be the functional verification of the API's
needed in the application and will be completed after
the Atmel Start project is imported into Atmel Studio.

7. Application Components.

The function of the Application will require an
understanding of the System (clock, etc.), as well as
the ADC peripheral. The red block of Figure 2
includes system drivers required for any project.
Some configuration will be required to ensure the
system can provide the necessary clocks and
configurations to the peripherals. The ADC is also
included in this block, and will require evaluation to
transfer the needed configuration for the application.

FIGURE 2:

EXAMPLE ADC PROGRAM
FLOWCHART

Systemn & ADC Init

L4
while(1);
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EXTRACT ASFv3 CONFIGURATION OF
SYSTEM AND ADC

1. Capture the Clock configuration

The system clock settings for ASFv3 can be located in
the conf _cl ocks. h file of the example project. From
here it can be seen the Main Clock (GCLK 0) is
sourced by the internal 8 MHz oscillator.

Figure 3 shows that GCLK_O is not prescaled and is
running the SAMD21 Core at 8 MHz. These settings
will be used in Atmel Start to configure the clock tree
of the ADC project. For the ADC peripheral in this
project, GCLK_O will be used as the clock source.
These values can also be found in the I/O window at
run-time under Generic Clock Generator (GCLK) and
System Control (SYSCTRL).

FIGURE 3:

SYSTEM CLOCK CONFIGURATION

2. Capture the Peripheral configuration.

Peripheral modules in ASFv3 use a configuration
structure to initialize the peripheral for the application.
ASFv3 contains default values that are written to the
peripheral for initialization. It is important to note the
peripheral configuration structures are populated at
run time. ASFv4 has taken a different approach and
handles all application configuration with preprocessor
macros.

In this example application the adc_confi g structure
is used to initialize the ADC in the
configure_adc() function. Using a Watch window
during the execution of the project, the initialization
parameters are captured in Figure 4. An effort has
been made in ASFv4 development to maintain the
configuration value naming convention. With that said,
the values in the middle column of Figure 4 will be
used to set up the ADC in Atmel Start.

The ADC register Figure 5 displays the register values
after initialization with ASFv3 and will be used to verify
ADC initialization with Atmel Start.

&

conf clocksh # X

conf clocksh ® X

DS00002474A-page 4
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FIGURE 4:

ASFv3 ADC CONFIGURATION PARAMETERS
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3. Capture the pin configuration. ATMEL START - SYSTEM INITIALIZATION
The example project chosen is only using one ADC 1. Create a new Atmel Start project by browsing
channel for the application. In this case, the pin to start.atmel.com and then click the Create
assignments are easy to find and are located in the New Project tab, as shown in Figure 6.
config_adc structure referenced earlier or the 2. In the Create New Projects window, under
configure_adc()  function. ~ASFv3 ~ example Results section, search for SAM D21 Xplained
projects using Atmel hardware, like the Xplained Pro, Pro and select SAM D21 Xplained Pro, and

may have this information where the hardware is

A - . ' then Click Create New Project, see Figure 7.
initialized in the syst em boar d_i ni t () function.

3. The New Project Dashboard will be displayed
as shown in Figure 8.

FIGURE 6: ATMEL START HOME PAGE

Atmel |START -

This tool will help you select and configure software

components and tailor your embedded application in
a usable and optimized manner.

FIGURE 7: ATMEL START CREATE NEW PROJECT
-ﬂ‘ltﬂ'IE'L STJ:'IHT Baturn To Front Page | Help An
CREATE NEW PROJECT
Sebect g £ BB Darfor e DNeFURg & Mo DIOFROL YU L% Bier CveDRS 2o D0arohs ey il SOV 00 Medl 20 S0 WALTY P DWATE NeQuirivments o) 35 ITHTiony SIDEs
T FLTIRS RESULTS
' HARDWARR ) I SAM D21 Xplained Pros | @}'-\.HJ {_:I hdwr SNl bErTH ':_-J S ofly Sind i
Architecuee [ | Hame Architetiure Packaps Pinu Flash SRAM
SAM D21 Npdsind Pro
T |
= MIDDLIWARE
Atrriel Dats Progsds I ] =
= BLE
= Cloud
Cryptn Authermicason Bets [
(-] o
Exfuernet PRl [ =
e
£} DENVIRS
AL o -
ADC [
Analeg G Fungtasn & CREATE NEW PROJECT ¥
Sem—
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FIGURE 8: DASHBOARD OF NEW PROJECT
Atmel | START arsampaiias # Rcturn To FrontPage | Help And Suppart
- {} wewcooe B savecosmsumanon | [ ewonreroEct
MY SOFTWARE COMPOMENTS )
D o €9 Add saftware companens -
o

SELECTED BOARD: CUSTOM BOARD

Yoru 3 Using & custom board. Predefined boards can be selected from the front page when you treate 3 new projec

SELECTED DEVICE: ATSAMDZ21)184

Please note, as in ASFv3, several system drivers are
included in every ASFv4 project. These drivers are
initially hidden in the Start setup. To see the
automatically included system drivers, click the Show
system drivers indicator. The four components
(SYSCTRL, DMAC, PM, and GCLK) will allow for
clock, bus, NVM, and DMA settings to be configured
in the Dashboard screen, as shown in Figure 9.

FIGURE 9: INCLUDED SYSTEM DRIVERS

)‘1.': I"I'IE'L START ATSAMDI 184 # Return To Front Page | Help And Support

{} wewcooe - B saveconncumamnon (% ewoarerogcr

DASHBOARD
og

K
7 i £ Add saftware component

MY FROJECT L}

GLLK | | SYSCTRL ] | Pi | | DisAC
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4. From the Dashboard tab, Click Add software
component to add Peripheral modules to the
project. The Add Software Components dialog
will display available drivers for the SAMD21,

as shown in Figure 10.

5. Click “+” to display all the Drivers, and then
select ADC by clicking the “+” symbol. The
ADC module will be displayed under the

Selected Components section.

6. Click Add Component(s) to add selected

components to the project.

FIGURE 10:

ATMEL START ADD SOFTWARE COMPONENTS

ADD SOFTWARE COMPOMNENTS

MName
+ &8 Middleware
0 Drivers
O ac Analog Comparator (AC). )
£} aDc Analog-to-digital corverter (ADC). i+
£} Analog Glue Function Mo description available (+)
£ can Mo description available s I
SELECTED COMPOMENTS
MName L i/ remioy REmoy
{3 A0C em® m

s crponenin J core|
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7. Configure the peripheral modules. Once the
ADC module is added, it will be displayed
under the My Project tab, as shown in

Figure 11.
FIGURE 11: CONFIGURE THE PERIPHERAL MODULE
Atmel | START amsamoziiza # Feturn To Front Page | Help And Suppart
| {} wewcooe B saveconricuranon (% econtproject
MY SOFTWARE COMPOMNENTS @
g é ﬂ Add software component - =
i o L
Hb
S GCLK I I EYLLTRL | | Pl I I DAL
&
8. Click the ADC_0 tab, and then use the
information collected from the adc_config
structure in the ASFv3 example project to
populate the configuration options, and then
enable PA06 (AIN/6) for the ADC input, as
shown in Figure 12,
FIGURE 12: CONFIGURE ADC PERIPHERAL (1 OF 2)
MY SOFTWARE COMPOMENTS &
g ADC_0 ®*
% Analog to degital comerter JADLC) in aaymahinonous mode Lesng intermupis
o
Eb GEMERAL COMPOMNENMT SETTINGS SIGMALS
Driver [ reavorreran agme | ame PADZ |:|
CLOCKS AN PAD3 |:|
AL |-L-¢|'-r- C Chock generasor O (8 MH2 | AINYE POOE I:l
AlNE PBOG | |
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FIGURE 13: CONFIGURE ADC PERIPHERAL (2 OF 2)
[
MY SOFTWARE COMPOMENTS (&3]
=] -
i BASEC COMFIGLIRATION ADVANCED CONPMVURATION Lrakie
;: Comersion resohution | | Bun i standiy I:I
g Reference Selection | B2 WDDAMNA fonly for VODARA > 2000 I Debug Ban I:I
E* Prescaler configuraton | Feriphe ock draded by 8 | Lef-Adjuszed Resul D
Frie Running Mode Refererce Buffer Offset I:l
Compentation Erubde
Delfereraial Mode I:l _
Digital Correcrion Logis Erabied I:‘
Parsitive M DU SHESCTN | ADL AING pia |
DHTEet Cormection Vil | D |
Wegatve Mu Input Selection: | Al o |
Gain Comection Valkue | 0 |
EWENT COMTROL Enais I_] 5ain Factor Sekection: | 1% |
Adpstng Risult / Divigion Copfficiant | 0 |
g bumbsr of Samphes 1o be Collected | 1 sample |
o Samphing Time Lergth | o |
E} Wirsdhirer Moraas Mods | MO W mode |
Windoe: Moo Lower Theeshold | 0 |
Window Monitor Upper Threshold [0 |
seurmber af gyt Channeh riuded
i E I
Porsithve Mux Setting Odfset [0 |
9. Configure the pinout. 10. Configure the clock tree.

When collecting the information from the ASFv3
project, the ADC will only use one pin in this
project and that is configured in the ADC config-
uration on the Dashboard. However, GPIO or
the naming of pins is done in the Pinmux Config-
urator, see Figure 14. By selecting the pin you
would like to modify in the Pinmux Configurator,
a user window will open near the bottom of the
screen to set the parameters.

FIGURE 14: ATMEL START - PIN MUX

The Clock Tree can be configured in two places
in the Start tool. The Dashboard, through the
System Driver modules, and the Clock Configu-
rator. The Clock Configurator provides a graphi-
cal representation of the clock tree and provides
the same configuration capabilities as the Dash-
board. The Clock Configurator will be used for
this example.

PINMUX CONFIGURATOR

a SAVE CONFIGURATION D EXPORT PROJECT

DS00002474A-page 10
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11. Export the project by clicking the Export Project
tab at the top right portion of the Atmel Start

screen to export the project, as shown in
Studio should be

Figure 15. Only Atmel

selected, as this is the only IDE intended on

using this exported project. The output from

Atmel Start will be a atzip file.

FIGURE 15:

ATMEL START - EXPORT PROJECT

Atmel | START

{ } WIEW CODE

EXPORT PROJECT

E SAVE COMFIGURATION

# Return To Front Page | Help And Supgsn
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VERIFICATION OF SYSTEM CONFIGURATION

1. From Atmel Studio, import the atzip file
exported from Atmel Start by selecting File >
Import > Atmel Start Project.

FIGURE 16: ATMEL START - IMPORT PROJECT

Atmel Start Importer

Import Atmel Start Project

Atrmel Start Project| atzip): L‘:".l_‘h.'!-:.'.'nln.q._r_::.‘._l.'.ar1Frr_!j-:_lc:f.".'l_..-'i.h".l'_:l;']_t.r.-'LRF_.n.L]E_ Example

SAMDZ1_START ADC Example

C:\imel Studio\ 7.0

SAMD2] START ADC Example

The parameters set in Start are conveniently
located in the Conf i g folder for the system ini-
tialization, at nel _start _pi ns. h for the pin
assignments, and driver_init.c/
driver_init.h for the peripheral initializa-
tions, see Figure 17.

- Confi g - contains register settings from Start
used for preprocessor device configuration

- atmel _start. c - Initializes MCU, drivers
and middleware

- atmel _start_pins. h-holds the MCU pin
assignments and naming from Start configu-
ration

- driver_init.c -contains initialization
functions for peripherals

- main.c-callsatnel _start_init() to
initialize the system

DS00002474A-page 12 © 2017 Microchip Technology Inc.
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FIGURE 17: ASFV4 FILE STRUCTURE

Solution Explorer

1_START_ADC

4 B SAMD21 START ADC ASYNC CALLBACK 2

ERRREN

2. Build and run the project.

As the new project will not contain any applica-
tion code, Start does output initialization code for
the defined peripherals in system.init().
Run the project and stop after the initialization
sequence to view the register settings in the 1/O
Window.

The 1/0 Window is available to open in Atmel
Studio by clicking the 1/0 icon.

© 2017 Microchip Technology Inc. DS00002474A-page 13
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3. Compare the register settings between ASFv3
and ASFv4 by opening the I/O window and
selecting the Analog-to-Digital Converter and
comparing the results to those collected from
ASFv3 (see Figure 18).

FIGURE 18: ASFv3 AND ASFv4 ADC REGISTER COMPARISON

ASFv3 ASFwd
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Two differences immediately become clear when the
above comparison is made. The location at which the
ADC interrupts are enabled and the calibration setting
of the ADC.

In ASFv3, the interrupts are enabled within the ADC
job function while ASFv4 enables interrupts at the
time the callback function is assigned.

Additionally, ASFv4 ADC driver does not import the
factory calibration settings for the ADC. This will have
to be done by the user. The calibration provides bias
and linearity settings for more precise ADC readings.
For additional information refer to the Section 9.3.2
“NVM Software Calibration Area Mapping” of the
SAM D21 Family Data Sheet (DS40001882). To
import the calibration into the ASFv4 project refer to
Appendix A: “Application Code Examples”.

DS00002474A-page 14 © 2017 Microchip Technology Inc.
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APPLICATION CONVERSION

1.

Application description.

The ADC will be started after initialization and
collect 128 12-bit samples and store the data in
a buffer. When the samples have been
collected, the ADC callback will be entered and
a flag set indicating completion of sampling.

Compare API.

The use of the ADC module does not require
any additional configuration other than that pro-
vided from the Start setup. ASFv3 is very similar
in that a set of defaults are provided, but
requires the developer to create the initialization
function and modify the defaults directly.

The example program uses
adc_read_buffer_job to fill a buffer with a
defined number of samples. This functionality
does not have a direct match in ASFv4. The
closest to adc_read_buffer_job in ASFv4
would be adc_async_start_conversion.
However, these two functions will produce very
different results. In ASFv3, the ADC
_adc_i nterrupt_handl er is configured to
complete a job and populate the assigned buffer
with the number of requested samples. The
ASFv4 ADC Handler is designed to take a more
general approach and requires the developer to
handle the additional sampling in the callback.
To match the functionality of ASFv3, the ADC
callback in ASFv4 will place ADC results into an
array and start the next ADC transaction.

Refer to Appendix A: “Application Code
Examples” for complete setup code.

Callback setup.

For a general application, the exanpl e folder in
the main project tree contains code that will set
up the peripherals enabled for the project. In this
case, the exanpl e folder contains everything
needed to enable the callback for the applica-
tion.

The ADC callback is set up similarly in ASFv3
and ASFv4. The difference is in the way the
ADC interrupt handler functions when an inter-
rupt is signaled. Search _adc_inter-
rupt _handler to view the differences
between ASFv3 and ASFv4. ASFv4 provides
less overhead and allows the developer to han-
dle special functionality in the callback.

Refer to Appendix A: “Application Code
Examples” for complete setup code.

Project Expansion

Add the Timer Control module to the ASFv3 Project,
as follows.

1.

FIGURE 19:

Application description.

The updated application will use the callback of
the ADC to update the duty cycle of a PWM
channel connected to a LED. The Duty Cycle
will be calculated using the value read from the
ADC. Additionally, rather than have a single job
collecting a block of ADC values, the ADC will
be started in a continuous loop to update the
duty cycle of the PWM channel every 100 ms.

EXPANDED PROJECT
FLOWCHART

‘System, ADC. TCC Ink

L]
|

| H" é | I

Delay_m=(100)

Application components.

To achieve the new functionality of the project,
the Delay services and the TCCO Driver mod-
ules will have to be added from the ASF Wizard.

Open the ASFv3 project and add the Timer
Control module.

In Atmel Studio, under Project, select the ASF
Wizard. Once the window is open, make sure
the project drop down menu is populated with
the Example project to be modified.

In the Available Modules menu, select the TC -
Timer Counter (driver), with the callback option
selected, and the Delay Services module. Apply
the added modules to the project by clicking
Apply located at the bottom of the window. Both
the TC driver and Delay Services will be
displayed in the Select Modules menu.

© 2017 Microchip Technology Inc.
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Once the TCC has been added to the project by
the ASF Wizard the t cc driver folder can be
found in the project, as shown in Figure 20 and
the appropriate header files are added to asf . h
for use in the application.

FIGURE 20: ADDED TCCO DRIVER

Solution Explones

1 ASE T CALLEACK

B samMD21 ASF ADC QUICK START CALLBACK

callbackc

DS00002474A-page 16 © 2017 Microchip Technology Inc.
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SET UP THE ASFv3 TIMER CONFIGURATION
1.

FIGURE 21:

Set up the Timer configuration.

Since the project is built on the Xplained Pro,
some definitions have been assigned to the on-
board LED for use as a PWM output. The
definitions are contained in the
sand21_xpl ai ned_pr o. h file of the project,
see Figure 21.

Create a configure_tcc function, as shown in
Figure 22, using the macros defined in
sand21_xpl ai ned_pro. h. Create an
instance of the t cc_nodul e structure called
t cc_i nst ance. Notice one of the first lines in

XPLAINED PRO DEFINITIONS

the confi gur e_t cc function is a function call
to get a set of values for configuration of a
default TCC module. ASFv3 contains a set of
default settings for each peripheral. These
defaults will be used as a basis for this project
and modified only where needed.

Capture the TCCO register settings.

Once the TCC module has been configured
compile and run the code in Atmel Studio. Cap-
ture the register settings as was done previously
for the ADC using the 1/0 window. These values
will be used to compare to the output from Atmel
Start.

FIGURE 22:

XPLAINED PRO DEFINITIONS

© 2017 Microchip Technology Inc.
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ATME

L START - ADD TIMER

1. Import the Atmel Start project by browsing to
the Atmel Start home page and select the
option to load an existing project. Then, browse

to

the downloaded atzip file and click Open

Selected File.

FIGURE 23: ATMEL START - LOAD PROJECT

Load existing project

@ OPEN SELECTED FILE Your latest project will always be stored in your web

browser, Use this option to pick up where you left off
Lise this option if you want to restore a locally saved
project. Browse and select either a project file (*.atzip) or
a configuration file (*.atstart,* json).

2. Add the peripheral module to the project by
clicking Add Software Components, and then
selecting the PWM component in the window.
Note that the PWM component is different from
the TCC component, even though both would
use the TCC module.

FIGURE 24: ATMEL START - ADD SOFTWARE COMPONENTS

ADD SOFTWARE COMPONENTS

Pulse-width modulation (PYWM) bo create an a ndnmmor
digitalty I::q.rcnntrdImF the amount of power trans to the
connected peripheral.

Serial Peripheral Interface (SP1), synchronous serial
y

SELECTED COMPONENTS

Add component(s)
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3. Configure the peripheral module by selecting
the newly added PWM_0 module and using the
values collected from the ASFv3 project to
configure, as shown in Figure25 and
Figure 26.

FIGURE 25: ATMEL START - PWM CONFIGURATION (1 OF 2)

MY SOFTWARE COMPONENTS @
PWM_O ®"
PYWAA Functionality using a TOC periphseral
GEMERAL COMPOMENT SETTINGS SIGMALS
rilands I TECT | W [ I |
CLOCKS Wi | = |
o | [= |
WO [ [ |
FIGURE 26: ATMEL START - PWM CONFIGURATION (2 OF 2)
MY SOFTWARE COMPOMEMNTS 0
BASEC SETTINGS PR WAVEFDRM CUTFUT SETTRNGS -
TO00 Prescaler | Dt ry B | TECR Wirveform Period Value (usy [ el ]
TC00 Paviod Valus [t | vooo wasorm Dury value 1k [ ot |

I 100 Wavefonm Channel Select: )

Run in standkey: D

TCD0 Prescaler and Counter
Synchronization Selection:

| Feload or reset counter on nest GOLK |

TCC0 Wareeform Generation Selection: | singie-iope Pwi |

OO0 At Lok

100 Caprurs Channal O Enable
1000 Capture Channsl 1 Enable
T Capture Channgl I Lnabile
OO0 Capture Channel 3 Enable

1000 Lock update:

|

00 Debug Running Mode:
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4. Configure the clock tree.

The initial version of this project had 8 MHz
going to the Generic Clock Generator 0
(GCLK_0). Make sure both ADC_0 and PWM_0
are supplied a clock signal by GCLK_0. If the
PWM_0 component is not sourced by GCLK_0,
click the settings icon on the component block
and set the TCC clock source to GCLK_0.

FIGURE 27: ATMEL START - TCCO CLOCK CONFIGURATOR

SOURCES

CLOCK CONFIGURATOR
2 OSCILLATORS
E () External crysta Dacillatar 0.4-32MH |
Fh O " " I
O xtam F1 :-..l:u- O
MM Intermal Dscillaber =
O
Lo L)
O 0
W L
=
&
] (] Fraciional Digical Phase O
{-D 75z Uhtra Low Power bnternal Oucillstor O
FOSTULFIZE)
Frequency: 32.768 kHz O

Ganaric clock genevator 0

(s 1)

Frequency. M8z

COMPONENTS (=

L

w1 T B Mk

ADC B MHE
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VERIFICATION OF SYSTEM CONFIGURATION
1.

FIGURE 28:

Compare the register settings between ASFv3
and ASFv4 by importing and building the
project as previously described.

Run the project until the TCCO peripheral has
been initialized and enabled. Figure 28
displays the initialization differences between
ASFv3 and ASFv4. From the comparison in
Figure 28, the initialization of the TCCO module
is configured in ASFv4.
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APPLICATION UPDATE
1. Application description.

To provide the input for the PWM Duty Cycle cal-
culation, only the algorithm in the ADC callback
needs to be implemented. The ADC is set up to
collect a single 12-bit sample, and then trigger
the callback. In the ADC callback, the ADC
RESULT register will be read directly and shifted
to provide an 8-hit value. This 8-bit value will be
written to the Duty Cycle of the PWM. The PWM
was configured to have an 8-bit period so the
Duty Cycle will scale appropriately.

2. Compare API.

The use of the TCCO module does not require
any additional configuration other than that pro-
vided from the Start setup. ASFv3 is very similar
in that a set of defaults are provided, but
requires the developer to create the initialization
function and modify the defaults directly.

ASFv4 has a more use case driven model
throughout the entire framework. This can be
seen from when the TCC component was added
in ASFv3 and a PWM component was added in
Start. The API for the PWM component in
ASFv4 displays this as well in
pwm set _par aneters. ASFv3 uses
tcc_set_conpare_val ue to achieve the
same function. The parameters passed in these
functions do not differ dramatically, but drilling
down into the functions a much thinner, use
case-driven approach is achieved in ASFv4.

3. Callback Setup.

The TCCO module in this project is not using a
callback, but the Duty Cycle is changed in the
ADC callback function.

CONCLUSION

ASFv4 is a new framework containing improvements
in code size and driver efficiency with an application
driven use case approach. While the architecture of
ASFv4 is different to that of ASFv3, naming
conventions and fundamental aspects pertaining to
the devices have remained.

There is not a canned solution to approach a
conversion from ASFv3 to ASFv4. The migration will
have to occur from the ground up. While this
document has only covered a couple of the functional
differences, a basic principal is provided to achieve a
functional migration.
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APPENDIX A:  APPLICATION CODE EXAMPLES

EXAMPLE 1: ASFv3 PROJECT EXPANSION - ADC AND PWM

#def i ne ADC_SAMPLES 1
uintl16_t adc_result_buffer[ ADC_SAMPLES];

struct adc_nodul e adc_i nst ance;
struct tcc_nodul e tcc_instance;

vol atil e bool adc_read_done = fal se;
voi d adc_conpl ete_cal | back(struct adc_nodul e *const nodul e)
uint32_t duty;
duty = (adc_result_buffer[0] >> 4) & OxFFFF;
J tcc_set _conpare_val ue(& cc_i nstance, (enumtcc_match_capture_channel ) ( CONF_PWV_CHANNEL) ,
}Ut y);
voi d confi gure_adc(void)
struct adc_config config_adc;
adc_get _config_defaul ts(&onfig_adc);
confi g_adc. cl ock_prescal er
config_adc.reference

config_adc. positive_input
config_adc.resol ution

= ADC_CLOCK_PRESCALER DI V8;
= ADC_REFERENCE_| NTVCCL;

= ADC_POCSI Tl VE_| NPUT_PI N18;
= ADC_RESCLUTI ON_12BI T;
adc_i nit(&adc_i nstance, ADC, &config_adc);

adc_enabl e( &dc_i nst ance) ;

}
static void configure_tcc(void)
struct tcc_config config_tcc;
tcc_get _config defaults(&config_tcc, LED O_PWWCTRL_MODULE) ;
config_tcc.counter.clock_prescal er = TCC_CLOCK _PRESCALER DI V8;
config_tcc.counter.period = OxFE;
config_tcc.conpare.wave_generati on = TCC WAVE_ GENERATI ON_SI NGLE_SLCPE_PWM
config_tcc. conpare. mat ch[ LED_ 0_PWWACTRL_CHANNEL] = Ox7F;
true;

LED 0_PWWACTRL_PI N;
LED_O_PWWACTRL_MUX;

config_tcc. pins. enabl e_wave_out _pi n[ LED_0_PWWCTRL_CUTPUT]
config_tcc. pins. wave_ out _pi n[ LED_0_PWWCTRL_OUTPUT]
config_tcc. pi ns. wave_out _pi n_nux[ LED_0_PWWCTRL_OQUTPUT]

tcc_init(&cc_instance, LED O_PWWMCTRL_MODULE, &config_tcc);

tcc_enabl e(& cc_i nstance) ;

}

voi d configure_adc_cal | backs(voi d)

adc_regi ster_cal | back(&adc_i nstance, adc_conpl ete_cal | back, ADC_CALLBACK READ BUFFER);
adc_enabl e_cal | back( &dc_i nst ance, ADC CALLBACK_READ BUFFER)

int nain(void)

systeminit();
delay_init();

configure_adc();
configure_adc_cal | backs();
configure_tcc();

system i nterrupt_enabl e_gl obal ();
while (1) {

adc_read_buffer_job(&dc_instance, adc_result_buffer, ADC _SAMPLES);
del ay_cycl es_ns(100);
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EXAMPLE 2: ASFv3 MIGRATION - ADC ONLY

voi d adc_conpl ete_cal | back(const struct adc_async_descriptor *const descr, const uint8_t
channel )

static uint8_t i = 0;
if (i < ADC_SAMPLES)
{

adc_result_buffer[i++] = ADC->RESULT. r eg;
adc_async_start _conversi on( &ADC_0) ;

el se

adc_read_done = true;

}
int nmain(void)
t system.init();
adc_async_regi ster_cal | back( &DC_0, 0, ADC_ASYNC CONVERT_CB, adc_conpl ete_cal | back);
adc_async_enabl e_channel (&ADC_0, 0);
adc_async_start _conversi on( &ADC_0) ;
whi l e (adc_read_done == fal se)
| /* Wait for asynchronous ADC reads to conplete */
whi | e(1)
{ asn("nop");
}

EXAMPLE 3: PROJECT EXPANSION - ADC AND PWM

#def i ne PWM_PERI OD 254
static uint32_t pwmduty;
static uintl1l6_t adc_val ue;

static void adc_cb(const struct adc_async_descriptor *const descr, const uint8_t channel)
adc_val ue = ADC- >RESULT. r eg;
pwm duty = (adc_val ue >> 4) & OxFF;
pwm set _par anet er s(&PWV 0, PWM PERI OD, pwm duty);

int main(void)

atnel _start_init();

adc_async_regi ster_cal | back( &DC_0, 0, ADC_ASYNC CONVERT_CB, adc_cbh);

ADC- >CALI B.reg = ADC_CALIB_BI AS_CAL((*(uint32_t *)ADC_FUSES BI ASCAL_ADDR >>
ADC_FUSES _BI ASCAL_Pos)) |

ADC CALI B LI NEARI TY_CAL((*(uint64_t *)ADC FUSES LI NEARI TY_O_ADDR >>
ADC_FUSES LI NEARI TY_O_Pos));

adc_async_enabl e_channel (&ADC_0, 0);
pwm_enabl e( &PVWM 0) ;

whi | e(1)
{

adc_async_start _conversi on( &ADC_0) ;
del ay_ns(100);
}
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