MICROCHIP AN2539

DALI 2.0 Slave Stack for tinyAVR® 1-Series
Microcontrollers

Features

+ |EC 62386-102 Compliant
* DALI 2 Slave Extended Commands
» DALI 2 Slave Stack Implemented on Microchip tinyAVR® 1-Series Microcontrollers

Introduction

Digital Addressable Lighting Interface (DALI ) is applied in lighting control systems. The DALI stack
follows the DALI standard edition 2.0 of IEC 62386-102 released in 2014. The LED module is
demonstrated as the device type defined in standard IEC62386-207.

This application note introduces the DALI stack for the Microchip tinyAVR 1-series microcontroller,
including:

»  Software Structure
»  Stack Functionalities
»  Stack API Routines
*  Demo System Setup
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Relevant Devices
This chapter lists the relevant devices for this document.

tinyAVR 1-Series
The figure below shows the tinyAVR 1-series devices, illustrating pin count variants and memory sizes:
»  Vertical migration can be done upwards without code modification, since these devices are pin

compatible and provide the same or even more features. Downward migration may require code
modification due to fewer available instances of some peripherals.

*  Horizontal migration to the left reduces the pin count, therefore, the available features.

Figure 1-1. tinyAVR® 1-Series Device Overview
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Devices with different Flash memory size typically also have different SRAM and EEPROM.

© 2017 Microchip Technology Inc. Application Note DS00002539A-page 3



AN2539

2. Recommended Reading

There are several released Microchip DALI solution documents. It is recommended to read these to get
an overall idea about the DALI system.

AT03922: DALI Slave with XMEGA® E - Software User Guide (42177) - This document describes
the DALI slave based on ATxmega32E5. It demonstrates the software architecture and its
application programming interface (API).

AT04022: DALI Slave with XMEGA E Hardware User Guide (42174) — This document introduces
DALI slave hardware design including DALI interface, LED driver based on the ATxmega32E5
device.

AT06409: DALI Master with ATxmega32E5 User Guide (42224) — This document demonstrates
DALI master reference design based on ATxmega32E5, with the DALI bus power supply
integrated. It shows the setup process of a DALI system, which is operated via PC software.
AT01244: DALI Slave Reference Design (42071) — This document describes the DALI slave
implementation based on a ATmega88PA device.

AT10828: DALI Slave Stack for SAM D20/D21 (42386) — This document shows the DALI slave
reference design for SAM D20/21 devices.

The above documents include hardware and software packages which can be downloaded from
www.microchip.com. They provide hardware design files, software source code, and PC tools.
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Software Structure

Opened with IAR Embedded Workbench®, the DALI2.0 SLAVE STACK example project tree view should
look like the screen-shot in the figure below. Refer to Get Source Code from Atmel | START for more
details.

Figure 3-1. DALI 2.0 Slave Project Tree
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Due to the code size limitation of the MCU, an Atmel Studio package is not created.

The content of the folders are:

e dali_slave:
Provides the DALI application and stack files.
» dali_bit, dali_bod, dali_eeprom and dali_timer
These folders contain the application files for the DALI stack.

—  dali_bit
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DALI bits are decoded and encoded here. EXTINT (External Interrupt) peripheral is
used for decoding.

— dali_bod
When power-down is detected, DALI slave will shut down PWM and LED to save power
before Reset. The BOD interrupt deals with this detection.

— dali_eeprom
When the update flag rises for persistent memory, the EEPROM will update its
corresponding contents. A backup page is utilized to avoid incomplete data copy during
the system power-down. When the system powers on, the variables will be loaded from
EEPROM to SRAM.

— dali_timer
System timers are provided here. They are used for DALI bit, frame, and fade timing,
PWM and random address seeds.

+ dali_stack
The DALI stack is located in this folder.

+ dali_frame
Provides the DALI frame process files.

« dali_cmd
Provides the DALI command implementation files.

+ dali_hal
Hardware abstraction layer, including a complete set of APIs for using hardware
resources by DALI stack that is convenient for rapid design-in and smooth integration
with varied peripherals.
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Stack Functions

For the DALI stack, the process and the flowchart are the same as in the AT03922: DALI Slave with
XMEGA E - Software User's Guide (42177). Refer to chapters "Service" and "Service Layer API
Introduction™ in the AT03922 document for details.
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5. Stack API

The input and output of the stack act through functions defined in dali_hal.h.

¢ dali hal enable forward disable backward( )

This function is used after the DALI slave has finished sending a backward frame. This will re-
enable the DALI external input detection and disable the DALI detection timer. The detection timer
will be enabled when the DALI Start bit is detected.

dali hal disable forward enable backward( )
This function is used before the DALI slave starts to send a backward frame. This will disable DALI

input detection and enable the slave sending timer. It is necessary to disable the input detection
because the backward frame signal can route back to the DALI input.

dali hal get dali input level( )

This function detects the DALI interface input voltage level used to check the interface failure state.

dali hal update pwm output( )

This function is used to update the PWM output for LED light dimming.

dali hal get seed0 value( ), dali hal get seedl value( )
These two functions generate random address seeds for auto-address allocation. Two different
clock sources are used to get a 32-bit random value.

dali hal save persistent variables( )
This function is called when the “SAVE PERSISTENT VARIABLES” command is executed. It
should update variables in the EEPROM immediately.

dali hal identify device ( )

This function executes the identification by flashing, sound, or other visual or audible means after
receiving the “IDENTIFY DEVICE” command.

When the stack variables need executing outside, the below functions offer channels for outside functions
to get or set them. These functions are listed in file dali_top.h.

/**
* \brief Set the DALI bytes (address and data) to stack after DALI frame decoding.
*/

void dali set addr to stack(uint8 t address);

void dali set data to stack(uint8 t data);

/**
* \brief Set the DALI bytes received flag to stack after decoding.
*/

void dali set received flag to stack(bool flag);

/**
* \brief Set current DALI byte sent status to stack when encoding.
*/

void dali set sent status_to_stack(uint8 t status);

/‘k‘k
* \brief Get the DALI byte sent status from stack to start encoding.
*/

uint8 t dali get sent status from stack(void);

/**
* \brief Get the DALI sent byte from stack when encoding.

© 2017 Microchip Technology Inc. Application Note DS00002539A-page 8
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*/
uint8 t dali get sent data from stack(void);

/**
* \brief Get the EEPROM update flag address from stack.
*/

uint8 t *dali get update flag addr from stack(void);

/**
* \brief Get the data address and size from stack for EEPROM write.
*/

uint8 t *dali get data addr from stack(void);

uint8 t dali get data size from stack(void);

/**
* \brief Set the control gear failure status to stack.
=/

void dali set gear failure status to stack(bool failure status);

/*k*k
* \brief Set the lamp failure status to stack.
*/

void dali set lamp failure status_ to stack(bool failure status);

The above two functions should be implemented in the application layer according to the dedicated
detection methods by the designer.

© 2017 Microchip Technology Inc. Application Note DS00002539A-page 9
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Demo System Setup

A typical DALI system contains DALI master, DALI slave, and DALI power. To set up this DALI demo
system on an ATtiny817 DALI demo board, see the diagram below.

Figure 6-1. DALI Demo System

DALI SLAVE
ATtiny817 DALI
Dema Board
DALl Master Kit
DALI DALIBUS ATtiny817 DAL
Powe Demo Board
DALI Slave Kit

DALI Master Integrating DALI Power

Refer to the DALI master document AT06409: DALI Master with ATxmega32ES5 User Guide (42224) for
details. The PC software communicates with the DALI master to operate a DALI slave.

DALI Slave

The following figure shows the MCU fuse settings. BOD is enabled with threshold level 3.94V. A 16MHz
internal oscillator is selected as the MCU main clock source. The Compare B output is enabled for LED
dimming. The PA5 multiplexing TCDOUTB function connects with the on-board LED as lighting demo in
this application.

Figure 6-2. Fuse Settings

Fuse Name Value
(¥) ACTIVE Enableds>
@l 394V v |

B SAMPLFREQ 1kHz sampling frequency =

¥) CMPBEN v
Pins PB3 and PB4 are used for DALI decoding/encoding in file dali_bit.c. EEPROM data memory in the

ATtiny817 device is required to store DALI parameters. There are a total four pages in ATtiny817, the
lower three pages store parameters and the last one acts as backup.
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DALI Slave Edition 2 Extended and Removed Commands

The following tables show extended and removed commands compared with edition 1.

Table 7-1. DALI Slave Edition 2 Extended Commands

GO TO LAST ACTIVE LEVEL

SAVE PERSISTENT VARIABLES

SET OPERATIONG MODE(DTRO)

RESET MEMORY BANK(DTRO)
IDENTIFY DEVICE

SET EXTENDED FADE TIME(DTRO)
QUERY OPERATION MODE

QUERY LIGNT SOURCE TYPE

QUERY MANUFACTURER SPECIFIC MODE
QUERY NEXT DEVICE TYPE

QUERY EXTENDED FADE TIME

QUERY CONTROL GEAR FAILURE

PING

WRITE MEMORY LOCATION - NO REPLY

0x0A
0x22
0x23
0x24
0x25
0x30
0x9D
O0x9F
0xA6
OxA7
0xA8
OxAA
O0xAD
0xC9

Table 7-2. DALI Slave Edition 2 Removed Command

PHYSICAL SELECTION

0xBD

© 2017 Microchip Technology Inc.
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Get Source Code from Atmel | START

The example code is available through Atmel | START, which is a web-based tool that enables
configuration of application code through a Graphical User Interface (GUI). The code can be downloaded
for both Atmel Studio 7.0 and IAR Embedded Workbench® via the direct example code-link(s) below, or
the BROWSE EXAMPLES button on the Atmel | START front page.

Atmel | START web page: http://start.atmel.com/
Example Code

AVR42793 DALI2.0 SLAVE STACK (IAR Embedded Workbench ONLY)

*  http://start.atmel.com/#example/Atmel%3Aavr42793_dali2_slave%3A0.0.1%3A%3AApplication
%3AAVRA42793_DALI2_Slave_Stack%3A

Press User guide in Atmel | START for details and information about example projects. The User guide
button can be found in the example browser, and by clicking the project name in the dashboard view
within the Atmel | START project configurator.

Atmel Studio

Download the code as an .atzip file for Atmel Studio from the example browser in Atmel | START, by
clicking DOWNLOAD SELECTED EXAMPLE. To download the file from within Atmel | START, click
EXPORT PROJECT followed by DOWNLOAD PACK.

Double-click the downloaded .atzip file and the project will be imported to Atmel Studio 7.0.
IAR Embedded Workbench

For information on how to import the project in IAR Embedded Workbench, open the Atmel | START User
guide, select Using Atmel Start Output in External Tools, and IAR Embedded Workbench. A link to the
Atmel | START user guide can be found by clicking About from the Atmel | START front page or Help And
Support within the project configurator, both located in the upper right corner of the page.

© 2017 Microchip Technology Inc. Application Note DS00002539A-page 12
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9. Revision History
A 10/2017
42793A 10/2016

+  Converted to Microchip format. Replaced
Atmel document number 42793 Rev. A with
Microchip DS00002539 Rev. A.

* Added "Relevant Devices" and "Get source
code from Atmel START" from [COMMON]

» Changed tiny817 references to tinyAVR 1-
series where relevant

*  Added publication variables resource with
direct example code links in Atmel|START

Initial document release

© 2017 Microchip Technology Inc.

Application Note DS00002539A-page 13



AN2539

The Microchip Web Site

Microchip provides online support via our web site at http://www.microchip.com/. This web site is used as
a means to make files and information easily available to customers. Accessible by using your favorite
Internet browser, the web site contains the following information:

*  Product Support — Data sheets and errata, application notes and sample programs, design
resources, user’s guides and hardware support documents, latest software releases and archived
software

* General Technical Support — Frequently Asked Questions (FAQ), technical support requests,
online discussion groups, Microchip consultant program member listing

* Business of Microchip — Product selector and ordering guides, latest Microchip press releases,
listing of seminars and events, listings of Microchip sales offices, distributors and factory
representatives

Customer Change Notification Service

Microchip’s customer notification service helps keep customers current on Microchip products.
Subscribers will receive e-mail notification whenever there are changes, updates, revisions or errata
related to a specified product family or development tool of interest.

To register, access the Microchip web site at http://www.microchip.com/. Under “Support”, click on
“Customer Change Notification” and follow the registration instructions.

Customer Support

Users of Microchip products can receive assistance through several channels:

*  Distributor or Representative

* Local Sales Office

»  Field Application Engineer (FAE)
*  Technical Support

Customers should contact their distributor, representative or Field Application Engineer (FAE) for support.
Local sales offices are also available to help customers. A listing of sales offices and locations is included
in the back of this document.

Technical support is available through the web site at: http://www.microchip.com/support

Microchip Devices Code Protection Feature

Note the following details of the code protection feature on Microchip devices:

*  Microchip products meet the specification contained in their particular Microchip Data Sheet.

*  Microchip believes that its family of products is one of the most secure families of its kind on the
market today, when used in the intended manner and under normal conditions.

*  There are dishonest and possibly illegal methods used to breach the code protection feature. All of
these methods, to our knowledge, require using the Microchip products in a manner outside the
operating specifications contained in Microchip’s Data Sheets. Most likely, the person doing so is
engaged in theft of intellectual property.

*  Microchip is willing to work with the customer who is concerned about the integrity of their code.

© 2017 Microchip Technology Inc. Application Note DS00002539A-page 14
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* Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their
code. Code protection does not mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the
code protection features of our products. Attempts to break Microchip’s code protection feature may be a
violation of the Digital Millennium Copyright Act. If such acts allow unauthorized access to your software
or other copyrighted work, you may have a right to sue for relief under that Act.

Legal Notice

Information contained in this publication regarding device applications and the like is provided only for
your convenience and may be superseded by updates. It is your responsibility to ensure that your
application meets with your specifications. MICROCHIP MAKES NO REPRESENTATIONS OR
WARRANTIES OF ANY KIND WHETHER EXPRESS OR IMPLIED, WRITTEN OR ORAL, STATUTORY
OR OTHERWISE, RELATED TO THE INFORMATION, INCLUDING BUT NOT LIMITED TO ITS
CONDITION, QUALITY, PERFORMANCE, MERCHANTABILITY OR FITNESS FOR PURPOSE.
Microchip disclaims all liability arising from this information and its use. Use of Microchip devices in life
support and/or safety applications is entirely at the buyer’s risk, and the buyer agrees to defend,
indemnify and hold harmless Microchip from any and all damages, claims, suits, or expenses resulting
from such use. No licenses are conveyed, implicitly or otherwise, under any Microchip intellectual
property rights unless otherwise stated.

Trademarks

The Microchip name and logo, the Microchip logo, AnyRate, AVR, AVR logo, AVR Freaks, BeaconThings,
BitCloud, CryptoMemory, CryptoRF, dsPIC, FlashFlex, flexPWR, Heldo, JukeBlox, KeeLoq, KeelLoq logo,
Kleer, LANCheck, LINK MD, maXStylus, maXTouch, MediaLB, megaAVR, MOST, MOST logo, MPLAB,
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dsPICDEM, dsPICDEM.net, Dynamic Average Matching, DAM, ECAN, EtherGREEN, In-Circuit Serial
Programming, ICSP, Inter-Chip Connectivity, JitterBlocker, KleerNet, KleerNet logo, Mindi, MiWi,
motorBench, MPASM, MPF, MPLAB Certified logo, MPLIB, MPLINK, MultiTRAK, NetDetach, Omniscient
Code Generation, PICDEM, PICDEM.net, PICkit, PICtail, PureSilicon, QMatrix, RightTouch logo, REAL
ICE, Ripple Blocker, SAM-ICE, Serial Quad I/O, SMART-I.S., SQI, SuperSwitcher, SuperSwitcher Il, Total
Endurance, TSHARC, USBCheck, VariSense, ViewSpan, WiperLock, Wireless DNA, and ZENA are
trademarks of Microchip Technology Incorporated in the U.S.A. and other countries.
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ISBN: 978-1-5224-2233-4

Quality Management System Certified by DNV

ISO/TS 16949

Microchip received ISO/TS-16949:2009 certification for its worldwide headquarters, design and wafer
fabrication facilities in Chandler and Tempe, Arizona; Gresham, Oregon and design centers in California
and India. The Company’s quality system processes and procedures are for its PIC® MCUs and dsPIC®
DSCs, KEELOQ® code hopping devices, Serial EEPROMSs, microperipherals, nonvolatile memory and
analog products. In addition, Microchip’s quality system for the design and manufacture of development
systems is ISO 9001:2000 certified.
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Korea - Daegu

Tel: 82-53-744-4301
Fax: 82-53-744-4302
Korea - Seoul

Tel: 82-2-554-7200
Fax: 82-2-558-5932 or
82-2-558-5934
Malaysia - Kuala Lumpur
Tel: 60-3-6201-9857
Fax: 60-3-6201-9859
Malaysia - Penang
Tel: 60-4-227-8870
Fax: 60-4-227-4068
Philippines - Manila
Tel: 63-2-634-9065
Fax: 63-2-634-9069
Singapore

Tel: 65-6334-8870
Fax: 65-6334-8850
Taiwan - Hsin Chu
Tel: 886-3-5778-366
Fax: 886-3-5770-955
Taiwan - Kaohsiung
Tel: 886-7-213-7830
Taiwan - Taipei

Tel: 886-2-2508-8600
Fax: 886-2-2508-0102
Thailand - Bangkok
Tel: 66-2-694-1351
Fax: 66-2-694-1350

Austria - Wels

Tel: 43-7242-2244-39
Fax: 43-7242-2244-393
Denmark - Copenhagen
Tel: 45-4450-2828
Fax: 45-4485-2829
Finland - Espoo

Tel: 358-9-4520-820
France - Paris

Tel: 33-1-69-53-63-20
Fax: 33-1-69-30-90-79
France - Saint Cloud
Tel: 33-1-30-60-70-00
Germany - Garching
Tel: 49-8931-9700
Germany - Haan

Tel: 49-2129-3766400
Germany - Heilbronn
Tel: 49-7131-67-3636
Germany - Karlsruhe
Tel: 49-721-625370
Germany - Munich
Tel: 49-89-627-144-0
Fax: 49-89-627-144-44
Germany - Rosenheim
Tel: 49-8031-354-560
Israel - Ra’anana

Tel: 972-9-744-7705
Italy - Milan

Tel: 39-0331-742611
Fax: 39-0331-466781
Italy - Padova

Tel: 39-049-7625286
Netherlands - Drunen
Tel: 31-416-690399
Fax: 31-416-690340
Norway - Trondheim
Tel: 47-7289-7561
Poland - Warsaw

Tel: 48-22-3325737
Romania - Bucharest
Tel: 40-21-407-87-50
Spain - Madrid

Tel: 34-91-708-08-90
Fax: 34-91-708-08-91
Sweden - Gothenberg
Tel: 46-31-704-60-40
Sweden - Stockholm
Tel: 46-8-5090-4654
UK - Wokingham

Tel: 44-118-921-5800
Fax: 44-118-921-5820
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