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Section 1. General Description

1.1 Contents

1.2 Introduction. . . .. ... ... 19
1.3 DesignOverview. . . ... e 19
14 Introduction to DALI . . ... .. . .. . . 20

1.2 Introduction

This document defines the reference design for a low-cost DALLI (Digital
Addressable Lighting Interface). It shows how to use the Motorola
MC68HC908KX8/KX2 in a master-slave configuration where the units
are communicating with a simple protocol. The communication protocol,
the hardware, and the software are described in this document and
although the application is intended for illumination control, the structure
is also applicable for similar purposes.

1.3 Design Overview

The design is divided into two separate units a DALI master unit and a
DALI slave unit. The DALI slave unit can set the luminosity of a
connected lamp. The desired brightness level is set by the DALI master
unit, which has a simple human interface consisting of a four-digit liquid
crystal display (LCD), two shaft encoders, and a push button. The DALI
master unit sends the wanted values to the connected DALI slave units.
The communication is based around the DALI standard, which is an
asynchronous, half-duplex, serial protocol over a two-wire differential
bus. See Figure 1-1.
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Figure 1-1. The DALI Bus System

The software is re-programmable by using the built-in monitor mode
interface. Both the DALI master unit and the DALI slave unit can be
controlled through an RS232 interface.

A DALI demonstration board consisting of a DALI master unit and four
DALI slave units is obtainable through Motorola.

1.4 Introduction to DALI

The lighting industry has developed a new standard for communication
with electronic ballast (ECG). It is an interface standard for
communication between a controller and the ECGs. This standard goes
by the name of DALI (Digital Addressable Lighting Interface) and it will
be included as an appendix to ECG standard IEC 929.

DALI is designed for the use of standard components and for simple
wiring which means low costs.

Fields of application may be:
« Day lighting and night lighting

« Different lighting for varying activities in multi-purpose rooms such
as hotels, conference rooms, etc.

* Possibilities of dimming the lights and increasing the lighting
according to requirements

DRM004 — Rev. 3.0 Digitally Addressable Lighting Interface (DALI) Unit
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General Description
Introduction to DALI

* Properly adjusted light settings depending on the direction of the
daylight (e.qg., in the morning, at noon, in the afternoon)

* Energy savings

The DALI installation is based on the master-slave principle:
e The user operates the system through the controller (master).

e The controller sends messages to all the ECGs (slaves)
containing an address and a command.

* The address determines whether the ECG should listen.

« Each ECG is digitally addressed and therefore is insensitive to
electromagnetic noise (compare with an analogue 1-10-volt
system).

For instance, the command could be current brightness value or lamp on
or lamp off. Lighting values and group assignment will be stored in the
ECGs.

The ECGs may be assigned up to sixteen freely definable groups and
each group can store up to sixteen different lighting values for the
lighting scenes. Each ECG can be assigned to more than one group.
There may be up to 64 ECGs per each controller.

Digitally Addressable Lighting Interface (DALI) Unit DRMO004 — Rev. 3.0
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2.1 Contents
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Section 2. DALI Demonstration Board

Introduction. .. ... . 23
Contentsofthe System .............. ... . ... ... .... 24
System OVEeIVIEW . . . ... e 24
SystemiInstallation . ........... ... .. ... .. ... . . . ... 25
System Operation. . . ... 25
Examples . ... e 26

This section describes how to connect and use a DALI (Digital
Addressable Lighting Interface) demonstration board. A DALI
demonstration board can be obtained through Motorola. It is always
delivered with the software already loaded so only a power supply and
four lamps have to be connected to get the system started.

NOTE: Itisnecessary to read this section to get an understanding of the system
even if you do not have a demonstration board.
Digitally Addressable Lighting Interface (DALI) Unit DRM004 — Rev. 3.0
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DALI Demonstration Board

2.3 Contents of the System

Five printed circuit cards and the cables connecting them are mounted
on the DALI demonstration board.

The system also consists of:

* One 4-wire cable for communication with a PC, see Section 6. PC
Software

* One 6-wire cable for replacing the software, see 3.6 Upgrading
the Software (Master) and 5.6 Upgrading the Software (Slave)

* CD-ROM containing all software and documentation

2.4 System Overview

DRMO004 — Rev. 3.0

The DALI demonstration board consists of a DALI master unit and four
DALI slave units. They are connected through a 2-wire DALI network.
The master unit controls all the slave units and each slave unit can
control a lamp. See Figure 2-1.

<«—— SLAVE UNITS

/

Figure 2-1. The DALI Demonstration Board

Digitally Addressable Lighting Interface (DALI) Unit
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DALI Demonstration Board
System Installation

2.5 System Installation

The system has to be powered from an external source. The
requirement for this supply is 12 V (10-14 V) DC. The power
consumption is dependent on the number and size of the connected
lamps. The master and slave boards without the lamps connected
consume less then 500 mA.

Use any 12-V lamps with a power consumption equal to or less than
10 W. A 12-V/10-W halogen light bulb would be a good choice. The
power supply has to be dimensioned according to this. Mascot 9120/12
Is sufficient for this purpose but several other power supplies that meet
the above criteria can be used.

Connect the lamps to the 2-way Phoenix screw terminal for each slave
unit and connect the power supply to the terminal socket (12 V to red
cable and 0 V to black cable).

2.6 System Operation

After connecting the power supply the system starts in its default mode.
Every slave unit should light its connected lamp and the LED should be
lit showing that the slave unit is running.

The LCD on the master unit should show 00:00 (see Figure 2-2). The
system is now ready to accept commands according to the DALI
standard.

ADDRESS —» H HgH H ~—— COMMAND

Figure 2-2. The LCD Display

The LCD on the master shows data to be sent to the slave as two
hexadecimal numbers. Normally this is an address followed by a
command. By turning the shaft encoders the address and the command

Digitally Addressable Lighting Interface (DALI) Unit DRMO004 — Rev. 3.0
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DALI Demonstration Board

2.7 Examples

can be changed. Pushing the button on the right side of the shaft
encoders sends the data to the slave units. The data sent may result in
an answer from the slave. This is shown on the LCD as “Axx” where xx
stands for a hexadecimal number.

For more information regarding addressing modes and commands see
Section 4. DALI Protocol Standard. Address OxFF and command
OxFF have a special meaning in this system. Selecting this initializes a
demo sequence, where the master automatically sends a command to
change the scene, with 3 second's interval. It starts with scene 0 and
continues until scene 15 and after that it starts with scene 0 again. This
will continue until new data is selected.

If an individual lamp is to be addressed the factory settings for the short
addresses of the slave units are 0, 1, 2, and 3.

Here are some examples to test the system. Enter the address and the
command according to Table 2-1 using the shaft encoders and push
button.

Table 2-1. Examples of DALI Commands

Address Command Action
Set the light level to E6 (approximately 50%)
FE E6
on all lamps
02 FE Set lamp 3 to 100% light level
FF 01 Dim up all lamps for 200 ms
01 00 Turn off lamp 1
07 92 Check if lamp 4 is working
(No answer means YES, A FF means NO)
DRM004 — Rev. 3.0 Digitally Addressable Lighting Interface (DALI) Unit
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DALI Master Unit

3.2 Introduction

3.3 Features

DRMO004 — Rev. 3.0

This section describes the design, hardware, and software of the DALI
(Digital Addressable Lighting Interface) master unit. The unit has a
human interface consisting of:

e 4-digit liquid crystal display (LCD)
e Two shaft encoders

e A push button

With these, the operator could select and address a DALI command to
be sent over the DALI interface. The master unit also has an RS232
interface for communicating with a PC and a monitor mode interface to
enable download of new software.

The master unit is designed as a multi-purpose communication
controller with these features:

* A MCG68HC908KX8

« Adisplay composed of a 4-digit LCD

* A keyboard composed of two shaft encoders and a push button
* A DALI interface

* A RS232 interface

* A monitor mode interface

« A small wire and wrap area for custom extensions

Refer to Section 2. DALI Demonstration Board for a description of
how to use the DALI master unit.

Digitally Addressable Lighting Interface (DALI) Unit
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DALI Master Unit
Hardware

3.4 Hardware
The DALI master unit is built around the MC68HC908KX8. Connected to
the central processor unit (CPU) are:
» DALI interface
» Keyboard interface
* LCD interface
* RS232 interface

* Monitor mode interface

The RS232 and the monitor mode interfaces are electrically isolated
from the rest of the unit. This is done to enable the DALI slave unit to use
the same circuitry. Therefore, to use these interfaces separate cabling
has to be connected. See Figure 3-1.

DALI
INTERFACE LCD

RS232
INTERFACE - — — 1 CPU KEYBOARD

MONITOR
MODE - — —
INTERFACE

POWER
SUPPLY

Figure 3-1. DALI Master Unit

Schematics, layout, and parts list can be found in Appendix B. DALI
Master Unit Schematic and Layout and in Appendix C. DALI Master
Unit Bill of Materials.

The hardware design is intended for demonstration purposes only. It is
functional in a normal office environment. There are many possibilities to
improve the design for increased functionality and reliability. Costs can
be reduced for high volume production.

Digitally Addressable Lighting Interface (DALI) Unit DRMO004 — Rev. 3.0
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DALI Master Unit

3.4.1 Microcontroller Unit (MCU)

DRMO004 — Rev. 3.0

The MCU used in this design is the MC68HC908K X8, that has these
advantages:

e Low pin count
* Internal clock oscillator

«  Embedded FLASH memory (8 Kbytes) which can be used for both
code and data

Embedded random-access memory (RAM) (192 bytes)
e In-circuit programmable through the monitor mode interface

e M68HCO08 compatible code

As all members of the M6BHCO08 Family, it has compact and fast
executing code as well as several development and support tools
available from both Motorola and third parties.

The possibility of writing data into the FLASH memory during program
execution is used in this application. However, the advantage of having
an internal oscillator is not fully realized in this application. The most
common reason for adjusting the clock frequency is to save power.
Another reason for using an internal oscillator is to save space. If saving
space is not necessary, than devices like the MC68HC908JK3 with
external clock generation can be used to achieve the same design. This
processor has a slightly bigger package (20 pins instead of 16 pins with
one extra input/output (I/0O)) but is a good alternative for this application.

Since the size of the code is less than 2 Kbytes, the MC68HC908K X2
could also be an alternative.

More information regarding the CPU can be found in the
MC68HC908KX8, MC68HC908KX2 HCMOS Microcontroller Unit
Technical Data, Motorola order number MC68HC908KX8/D.
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The DALI interface has one circuit for transmitting (see Figure 3-2) and
one circuit for receiving (see Figure 3-3).

The transmission consists mainly of a power transistor (T1) for switching
the power on and off. The power transistor is regulated by two transistors
(T2 and T3).

One of the two transistors (T3) is controlled from the processor (PTB7)
through an inverter (IC4). A low signal from the processor gives a high
signal after the inverter. This high signal opens the transistor (T3) which
switches off the power transistor (T1). A high signal from the processor
gives a low signal after the inverter, closing the transistor (T3) and
switching on the power transistor (T1).

The other transistor (T2) is controlled by the current flowing through the
resistor (R1). If a DALI slave unit is connected, this current will be the
same as that flowing through the power transistor. The value of the
resistor is chosen in such a way that when the current exceeds 250 mA
the voltage level across the resistor will open the transistor (T2) which in
its turn closes the power transistor (T1). In this way the current is
maximized to 250 mA.

12V

T1

T2
PTBY —[>0—/\/\/y
ic4

T3

DALI

R1

1 1

ov ov oV ov

Figure 3-2. DALI Transmit Circuit
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The comparator (IC3) handles the reception and sends the received
signal to the processor (IRQ1 and PTB6). If very accurate voltage levels
are to be achieved the surrounding resistors should be trimmed. The
inverter (IC4) converts the signals to the correct logical level.

12v

10V

ov

IRQ1
PTB6

IC3 IC4
DALI

R
I

Figure 3-3. DALI Receive Circuit

The interface has no protection against over voltage and no
electromagnetic interference (EMI) suppression.
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3.4.3 Keyboard Interface

The master unit can receive user command through a push button (S1)
and two shaft encoders (S2 and S3). They are connected to the
processor (PTAO-PTA4). See Figure 3-4.

PTA4 o\g
PTA3 Py o\g
% S2
oV
PTAL o\c
PTA2 PY o‘\g
% S3
oV
PTAO i o‘s\lo
T oV
oV

Figure 3-4. Keyboard Interface

3.4.4 The LCD Interface

The LCD (DIS1) is controlled by the processor (PTBO—-PTB2) through
the LCD driver circuit (IC5). See Figure 3-5.

PTRO CLOCK

DATA

PTB2

DIS1

Figure 3-5. LCD Interface
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3.4.5 The RS232 Interface

The RS232 interface is connected to the processor (PTB4 and PTB5)
and a pin header (JP4). With a cable it can be connected to the RS232
driver circuit (IC6) through the pin header JP5. The external connection
Is by way of a D-sub connector (X3). The RS232 interface is not
protected against over voltages, different ground potential or EMI
interference. Connect the cable when the system is not powered. See

Figure 3-6.
12V
i@ R o
PTB4/RXD O+ — — Og
IC6 o4
PTBS/TXD O+ — — og
O — — o
JP4 JP5 X3
oV
Figure 3-6. RS232 Interface
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3.4.6 Monitor Mode Interface

The monitor mode interface is connected to the processor (PTAOQ, PTAL,
PTB6, and IRQ1) if all four switches on the DIP-switch are off and a
cable is connected between the pin header JP1 and pin header JP6.
Connect the cable when the system is not powered. When power is
returned, the processor is in monitor mode (see MC68HC908K X8,
MC68HC908KX2 HCMOS Microcontroller Unit Technical Data,
Motorola order number MC68HC908KX8/D for more information). The
communication with the processor during the monitor mode goes
through the D-sub (X2), the RS driver circuit (IC6), and the buffer (IC7).
The crystal oscillator (QG1) ensures that the RS232 communication
speed is 9600 baud. See Figure 3-7.

IC6

IC7
4
X2
12V
12V

0000

Q0000

rs)
PTAL O+ — — —O——I lov
PTAO O+ — — O
IRQO O+ —— 10 Vrst
PTB6/0OSCL O+ — — O
or--%
JP1 JP6 | 9.8304 MHz
Y QAL ov

Figure 3-7. Monitor Mode Interface
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3.4.7 Power Supply

3.5 The Software
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The linear regulator (IC2 and IC8) makes the 5-volt conversion. There is
no external protection against over voltages or EMI interference but the
diode D1 serves as protection against wrong polarity. The input voltage
can vary between 7 and 30 volts for the 5-volt conversion but the DALI
interface requires that the voltage be kept within 10 to 14 volts. See
Figure 3-8.

12V 5V

O—W Ic2/c8 T@
oL 1L

ov ov

Figure 3-8. Power Supply

The software handles the DALI, the RS232 communication tasks, and
the human interface. It is based around a main module that first initializes
common variables and the utility modules then goes into an endless
loop. The different utility modules are updated through interrupts. If an
event occurs in one utility module which leads to the need to act in
another utility module, a flag is set. The main module scans these flags
and takes action accordingly. No call is made directly from one utility
module to another. Since the structure is based on what action the
different software modules will do, several processor dependent
functions (TIM, ADC, etc.) may be used in one module. See Figure 3-9.

The source code can be viewed in Appendix F. DALI Master Unit
Source Code Files.
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3.5.1 Main Module
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CPU

DALI

MAIN

KEYS

LCD

RS232

Figure 3-9. DALI Master Software

All code is written in C language except for the startup routine. The
assembler, compiler, and linker used are from COSMIC Software which
can be found at:

http://www.cosmic-software.com

There is also the possibility of using software from Metrowerks which
can be found at:
http://www.metrowerks.com

The main module consists of initializing global variables, calls to
initializing routines in other modules, and an eternal loop. In the eternal
loop different flags are checked to see if an action has to be taken. The
computer operating properly (COP) watchdog counter is also cleared in
the loop. See Figure 3-10.
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INITIALIZE
VARIABLES
\
INITIALIZE
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\
ENABLE
INTERRUPTS
LIGHT LED
CLEAR COP
YES SHOW NEW DATA
ONLCD
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YES SEND DATA
ON DALI
NO
YES SHOW ANSWER
ON THE LCD
NO
VES SHOW ERROR
ERROR? L ONTHELCD
NO |

Figure 3-10. mai n( ) Flowchart
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3.5.2 Central Processor Unit (CPU) Module

The CPU module is responsible for setting up the processor correctly.
This includes:

e LVI (power supervision)
* Port direction

* Port data

e Built-in pullup resistor

* IRQL1 interrupt

* Internal clock speed

If the clock has not previously been trimmed this is handled in the
module. The clock trim value is stored in the FLASH by using the on-chip
FLASH programming routines. The call is made by calling
clock_wite( ) whichis defined as follows:

#define clock write() _asnm("ldhx #$FDFF\njsr $1009\n")

See Figure 3-11.

For more information regarding the on-chip routines, refer to the
Motorola Application Note entitled Using MC68HC908 On-Chip FLASH
Programming Routines, Motorola order number AN1831/D.
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Figure 3-11. cpu-Init( ) Flowchart
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3.5.3 DALI Module

3.5.4 Keys Module
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The DALI communication is handled in the DALI module. Several parts
of the processor are used. Incoming data is detected by an IRQ interrupt.
Then this data is sampled with an interval (4800 times per second) set

by the timebase module (TBM). The timebase module also controls the
transmission. If data is to be repeated this is handled in the DALI module.

The keys module detects changes to the shaft encoders or the use of the
push button. The push button is simply handled by the keyboard
interrupt module (KBI). This is not possible with the shaft encoders since
it is impossible to determine which of the shaft encoders were rotated
using only one common interrupt. The need for more interrupt sources is
solved by enabling the input capture capability of the timer interface
module (TIM).

3.5.5 Liquid Crystal Display (LCD) Module

3.5.6 RS232 Module

The LCD is controlled through the driver circuit by the LCD module. The
data is clocked into the shift register of the driver circuit by toggling the
PTB output pins.

The RS232 module handles the serial communication over RS232. It
uses the serial communication interface module (SCI). The baud rate is
preset to 9600 baud.

3.6 Upgrading the Software

To be able to reprogram the software, the processor has to be set into a
monitor mode. The monitor mode is a state of the processor where
simple debugging and downloading of new code is possible. During the
monitor mode, the processor is running a built-in program that
communicates through a single pin. The monitor mode is described in
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more detail in the document MC68HC908K X8, MC68HC908K X2
HCMOS Microcontroller Unit Technical Data, Motorola order number
MC68HC908KX8/D.

3.6.1 Board Configuration

To configure the board in monitor mode:

« Disconnect the power supply and connect a free serial
communication port of the PC (or the computer that
communicates with the processor) to the D-sub on the DALI
master unit marked “Monitor” using a serial communication cable.

e Connect a cable between JP1 and JP6 (see Appendix B. DALI
Master Unit Schematic and Layout).

* Set the DIP switch to “OFF".

When the power supply is reconnected the processor is in the monitor
mode.

After exiting monitor mode, the cable between the pin headers has to be
removed and the DIP switch has to be set to “ON” to return to normal
mode.

3.6.2 Monitor Mode Software

There is freely available software for the PC environment that cares
about the most common tasks during the monitor mode. The program
“PROGO08SZ” from P&E Microcomputer Systems, Inc.
(http://www.pemicro.com) will work fine if the main task is to download
new software to the DALI modules. With that software you define the
DALLI unit as a Class Ill board. The monitor mode interface is prepared
for a communication speed at 9600.
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3.6.3 Replacing the Code

By using monitor mode software, the FLASH memory of the DALI master
unit can be erased and new software downloaded. After a successful
replacement of the code the internal clock has to be trimmed.

The internal clock generator of the processor has a tolerance of £25%.
This can be trimmed down to £2%. In the process of loading new
software the trim values are corrupted. Since the system is dependent
on correct communication speed, a trimming has to take place before
the code can be executed properly. This is done through the RS232
interface, the DALI interface, and by using an oscilloscope.

e Connect the computer to the D-sub on the DALI master unit
marked “Serial”.

* Connect a cable between JP4 and JP5 (see Appendix B. DALI
Master Unit Schematic and Layout).

» Connect the oscilloscope between ground and PTB5/TXD on the
DALI unit.

A PC program that can generate a break signal on the serial
communication port is also needed. When the system is powered a
square-wave signal, which should be slightly larger than 2400 Hz, is
visible on the oscilloscope. The frequency should be changed until it is
between 2385 and 2415 Hz. Sending a break signal does this. For each
break signal the frequency is lowered by about 5 Hz. When the correct
frequency is achieved the trim value can be stored by making a
temporary short-circuit across the DALI signal wires. The next time the
unit is restarted the clock is automatically trimmed and the execution of
the program is normal.
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Section 4. DALI Protocol Standard

4.1 Contents

4.2 Introduction. . ... ... 45
4.3  Electrical Specification . ........... ... .. .. . .. . 46
4.4  Protocol Specification. . .......... ... .. .. . . . . 46

4.2 Introduction

This section describes the main properties of the DALI (Digital
Addressable Lighting Interface) protocol. More information regarding
the DALLI protocol can be found in the document A.C.-Supplied
Electronic Ballast for Tubular Fluorescent Lamps, Performance
Requirement, Requirements for Controllable Ballasts which can be
obtained from IEC.

Some major characteristics of the DALI protocol are:
e Asynchronous serial protocol
e 1200 baud, bi-phase encoding, half-duplex
*  Two-wire differential
* Voltage difference above 9.5 V means high level
* Voltage difference below 6.5 means low level
* The master unit controls the communication
* 64 slave units can be connected
* Each slave unit can be individually addressed
« The master unit sends 1 start bit, 16 bit data, and two stop bits

* The slave unit sends 1 start bit, 8 bit data, and two stop bits
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4.3 Electrical Specification

The DALI communication is serial using two wires for communicating in
both directions. The voltage difference between the wires indicates if it
Is a high or low level. A voltage difference above 9.5V is a high level and
a voltage difference less than 6.5 V is a low level. The master unit
communicates with the slave units by setting the level high or low
according to the serial protocol described in 4.4 Protocol Specification.
When no communication takes place the master unit keeps the level
high.

The slave unit responds to the master unit by setting the level high or
low. A high level is simply achieved by not interfering with the high level
set by the master unit. A low level is obtained by forcing a short circuit
across the wires. This is possible to do since the DALI standard states
that the current supply for the DALI communication has to be limited to
250 mA.

Simultaneous communication is not possible since there is only one pair
of wires.

4.4 Protocol Specification

DRMO004 — Rev. 3.0

There are a number of parameters stored in each slave unit (see
Table 4-1). These parameters indicate how the lamp should behave in
different situations.

Table 4-1. Description of Stored Parameters

Type of Parameter Description
Actual dim level Tgiv(\:/lé:'rleer\l}ellight level of the lamp or physically the arc
Power on level The light level to use when powering up the slave
System failure level The light level to use if the communication fails
Minimum level The minimum allowed light level
Maximum level The maximum allowed light level
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Table 4-1. Description of Stored Parameters (Continued)

Type of Parameter

Description

Fade rate

The speed to change the light level during a certain time
interval

Fade time

The time between the change of light levels

Short address

The individual address of a unit

Search address

An address used during address initialization

Random address

An address used during address initialization

Group

A value indicating which group the slave belongs to
(16 bits)

Scene

Light levels for different scenes (16 bytes)

Status information

Holds the current status information regarding the slave

Version number

The currently implemented DALI protocol version number

Physical minimum
level

The smallest allowed physical arc power level

Messages can be sent over the DALI communication wires to change or

check the values.

The serial communication speed is 1200 baud with bi-phase encoding.
All communication is controlled from a master. Every lamp is connected
to a slave unit that is silent until the master requires an answer. A
message from a master consists of one start bit, 16 bits data, and two
stop bits. The data from the master unit consists of an 8-bit address part
and an 8-bit command part. See Figure 4-1.

ADDRESS BYTE COMMAND BYTE

[s[[efs[e]e]zfs]o]r]e]s]«[c]z]2]o]s]s]

\> START BIT

\> STOP BITS

Figure 4-1. DALI Master Message
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An answer from a slave unit consists of 1 start bit, 8 data bits and 2 stop
bits.

RESPONSE BYTE

(s [efs]efs]2]s]o]s]s]

\> START BIT \> STOP BITS

Figure 4-2. DALI Slave Message

Up to 64 slaves can be connected to the same network and each slave
can receive an individual address, which is called the short address.
There is also the possibility of assigning a slave unit to a group. Up to 16
groups can exist and a slave unit can belong to several groups. A
message can also be broadcasted to all slave units.

Table 4-2. Type of Addresses

Type of Addresses Byte Description
Short address 0AAAAAAS (AAAAAA = 0 to 63, S =0/1)
Group address 100AAAAS (AAAA = 0 to 15, S = 0/1)
Broadcast address 1111111S (S = 0/1)
Special command 101CCCC1 (CccC = command nunber)

The command byte is to be interpreted as an arc power level if bit S is 0.
The arc power can be between 00 (off) and FE (maximum power level).
A 1 in the position S means that the command byte is to be interpreted
as a DALI command. Refer to Appendix A. DALI Instruction Set for a
list of all available commands.
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This section describes the design of the DALI (Digital Addressable
Lighting Interface) slave unit hardware and the software. The DALI slave
unit receives DALI commands from a DALI master unit through a DALI
interface. These commands tell the DALI slave unit how to control a
connected lamp.
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5.3 Features

5.4 Hardware

DRMO004 — Rev. 3.0

The DALI slave unit is designed to be as small and simple as possible.
It has the following features:

« A MC68HC908KX8
e A polarity insensitive DALI interface
* A power switch for controlling a 12-V/10-W lamp

* A current sensor for controlling the lamp status

The hardware consists of a power MOSFET, the CPU
(MC68HC908KX8), and a DALI interface. A low-ohm resistor is used to
sense the current through the connected lamp by using the
analog-to-digital (A/D) converter in the central processor unit (CPU). An
LED is also connected to the CPU to enable debugging even if no lamp
Is connected. See Figure 5-1

DALI
INTERFACE LED

LAMP

CPU INTERFACE

POWER
SUPPLY

Figure 5-1. DALI Slave Unit

Schematics, layout and part list can be found in Appendix D. DALI
Slave Unit Schematic and Layout and Appendix E. DALI Slave Bill
of Materials.
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The slave unit in a real-life application is probably part of an electronic
ballast (ECG). To simplify the design a high-voltage fluorescent tube is
replaced by a low-voltage halogen light bulb.

The current flowing through a halogen light bulb is high (approximately
1 A) so the connected cables have to be dimensioned accordingly. The
construction is protected against temporary short-circuit conditions but a
permanent short circuit condition will overheat some components with
permanent damage as a consequence.

There is no hardware included on the slave unit to enter the monitor
mode. The slave unit can be connected to the monitor mode interface on
the master unit by using a cable.

5.4.1 Microcontroller Unit (MCU)

5.4.2 DALI Interface

The MCU used in this design, as in the master unit, is the
MC68HC908KX8. An LED (D1) is directly connected to the processor
(PTA3) to indicate if the software is running correctly. See Figure 5-2.

5V

~
PTA3

D1

Figure 5-2. LED Interface

More information regarding the CPU can be found in the
MC68HC908KX8, MC68HC908KX2 HCMOS Microcontroller Unit
Technical Data, Motorola order number MC68HC908KX8/D.

The DALI interface of the slave unit will not supply any current.
Therefore, it can easily be optically isolated to prevent ground loops.
Although making the solution polarity insensitive is not stated by the
DALI standard it is suggested as an improvement. In this application, this
is done by having two-way opto-diodes and an electronic relay.
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