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INTRODUCTION

The Digitally Addressable Lighting Interface (DALI) has
emerged as a standard in Europe to address growing
power issues. DALI is known as Annex E of the Euro-
pean electronic ballast standard EN60929 and specifi-
cally relates to digitally controlled dimmable ballasts.
DALI type ballasts can run at lower power levels than
standard magnetic ballasts. With the rise of digitally
controlled ballasts, the need for devices that ‘talk’ to
them has increased as well. This application note
describes a very simple interface between the RS-232
serial port (available on almost all computers) and
DALI, where the PIC16F628 is the core of the interface.
The methods and circuits introduced here can be
expanded upon to develop more enhanced DALI mas-
ter control systems.

FIGURE 1: RS-232/DALI BRIDGE

BRIDGING BETWEEN THE TWO
INTERFACES

The RS-232/DALI Bridge is a simple translator that
transfers data from RS-232 to DALI and vice versa.
The Bridge handles the specific interface and conver-
sion requirements for both RS-232 and DALI. Figure 2
illustrates an elementary block view of the Bridge.

FIGURE 2: RS-232/DALI BRIDGE BLOCK
DIAGRAM
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The RS-232 Forward Data Format

The Bridge is a command driven control, therefore, you
must give the bridge a command to transfer the data to
the Digitally Addressable Lighting Interface. It receives
commands through the RS-232 interface. The data
packet length is three bytes. The first byte is the com-
mand for the bridge. The second byte is the address
information for the DALI device or devices. The third
byte is the command information for the DALI device or
devices. The format of the data received from the RS-
232 serial port is shown in Figure 3.

FIGURE 3: FORWARD DATA FORMAT

:X DATAO X X DATA2 X:

Bridge Command DALI Address DALI Data

X DATA1 X

The RS-232 Backward Data Format

Data returned from the Digitally Addressable Lighting
Interface is transferred through the RS-232 interface in
a backward data format, which is different from the for-
ward format. First, an acknowledge byte is transmitted
and then a data byte. The acknowledge byte tells the
computer if valid data was returned from the Digitally
Addressable Lighting Interface. If valid data was
returned, then the data is included in the return.
Figure 4 illustrates the backward data format.

FIGURE 4: BACKWARD DATA FORMAT

:X DATAO X

Acknowledge DALI Return Data

X DATA1 X
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The DALI Forward Frame

The DALI forward frame is 19 bits long using Manches-
ter encoding. The first bit is a start bit. The next sixteen
bits are DALI address and command data. The last two
are stop bits, which are not Manchester encoded.
Figure 5 illustrates the DALI forward frame.

FIGURE 5: DALI Forward Frame

Start Bit 16 Data Bits 2 Stop Bits

The DALI Backward Frame

The DALI backward frame looks very much like the for-
ward frame with one exception. The backward frame
passes only 8 bits of data. Figure 6 illustrates the DALI
backward frame.

FIGURE 6: DALI Backward Frame

o\

Start Bit 8 Data Bits 2 Stop Bits

DALI Command Types

The three basic types of commands for DALI are stan-
dard commands, query commands and setup com-
mands. The RS-232/DALI Bridge is programmed with
commands to handle each of these three types of com-
mands.

STANDARD COMMANDS

Standard commands are the most common com-
mands. They are used to control arc power. Examples
include ‘GOTO SCENE LEVEL, ‘RECALL MAX
LEVEL’, and ‘STEP UP'. Standard commands are exe-
cuted with one DALI forward frame. Command 16 of
the RS-232/DALI Bridge is used to send standard com-
mands to the Digitally Addressable Lighting Interface.

QUERY COMMANDS

Query commands provide information about the DALI
ballast status or setup. Examples include ‘QUERY
MAX LEVEL’, ‘QUERY ACTUAL LEVEL', and ‘QUERY
STATUS'. These commands are executed with one for-
ward frame. Upon execution, the ballast(s) returns data
in a DALI backward frame within 9.17 ms. Command
18 on the Bridge is used to send query commands to
the Digitally Addressable Lighting Interface.

SETUP COMMANDS

Setup commands are used to setup the ballast(s) on
the Digitally Addressable Lighting Interface. Examples
of setup commands include ‘STORE THE DTR AS

MAX LEVEL, ‘STORE THE DTR AS SCENE’, and
‘RESET'. These commands are executed by sending
two identical DALI forward frames within 100 ms. Com-
mand 17 is used to send setup commands to the Digi-
tally Addressable Lighting Interface.

ADDITIONAL BRIDGE COMMANDS

Beyond sending and receiving DALI commands, the
RS-232/DALI Bridge has some other built in com-
mands. These commands primarily focus on the Bridge
functionality.

Bridge Status Information

Two pieces of status information about the bridge are
available. The most important one is the overload sta-
tus bit. This identifies if the Digitally Addressable Light-
ing Interface was shorted for more than 254 ms
consecutively. The firmware automatically disables the
DALI interface when this event occurs. The second sta-
tus bit identifies if the bridge actually received data
(Bridge command 18). If data was expected, but not
received, then this bit is asserted.

Bridge Configuration

There are several commands used to fine-tune the
bridge. These commands relate to transmit and receive
timings, regulator delays, and command delays.
Appendix A identifies all the existing commands corre-
sponding to the firmware. Please refer to source code
on our web site at (www.microchip.com).

THE RS-232 INTERFACE

The RS-232 serial interface serves two major pur-
poses. One purpose is to transfer the data from the
computer to the Bridge and vice versa. The second
purpose is to protect the computer from unexpected
high transient voltages. The computer is far more costly
to replace than the Bridge.

Isolation

Complimentary circuitry is provided to interface the RS-
232 serial connections to the PIC16F628. Essentially,
this circuitry is optical isolation, which protects the com-
puter from serious damage, since the Bridge is con-
nected to one or more ballasts. Ballasts typically have
running voltages 20 to 40 times greater than the com-
puter serial port logic. Voltages at this level could easily
damage the computer. On the RS-232 side, the isola-
tion circuit is powered by the signals of the standard
RS-232 serial port. The particular signals providing
power are TX, RTS, and DTR. The isolation on the
PIC16F628 side is powered by the connected power
source. The complete circuit showing the isolation and
power requirements is provided in Appendix B.
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Transmitting and Receiving

Transmitting and receiving data is very convenient. The
design incorporates the use of the USART module built
into the PIC16F628. Therefore, all RS-232 serial com-
munications is handled by the hardware on the chip.
This allows for simpler firmware.

THE DIGITALLY ADDRESSABLE
LIGHTING INTERFACE

DALI is a master-slave type system, which means the
slave (ballast) only responds when commanded to.
Each ballast responds by sinking the current carried
through the two-wire interface, which drops the poten-
tial across the two-wire interface. The master (Bridge)
provides current regulation to 250mA. Therefore, the
master transmits data by raising or lowering the voltage
across the two-wire interface. The responding slave
transmits data by sinking 250mA of current provided by
the master. All data is Manchester encoded. Refer to
Appendix B for the circuit design.

Current Regulation

Current regulation of 250mA is provided using one of
the comparators built into the PIC16F628. The compar-
ator compares a reference voltage to the voltage
across a current sense resistor. This provides the neg-
ative feedback. The digital output of the comparator is
filtered to supply an analog voltage to the load-driving
transistor. This puts the load-driving transistor into its
active region. Since the comparator is controlled within
the PIC16F628, the regulation can be enabled and dis-
abled as necessary. This feature is particularly useful to
prevent circuit failure if the Digitally Addressable Light-
ing Interface becomes shorted indefinitely. It is also
useful to disable regulation when transmitting. Regula-
tion is required for the master to receive data.

Transmitting

The load-driving transistor used for regulation is also
used for data transmission; however, the regulation is
disabled. The load-driving transistor is switched on or
off by the PIC16F628, depending on the data being
sent. An additional transistor is switched on or off 180
degrees out of phase. This transistor pulls the data line
low when the load-driving transistor is off. Thus data is
transmitted using a push-pull transistor configuration.
The firmware handles the data transmission.

Receiving

The second comparator in the PIC16F628 is used for
receiving data. The reference for this comparator is set
slightly below the ripple of the current regulator. When
the slave (ballast) is transmitting, the regulator is
switching between 250mA of regulation and no regula-
tion. Thus, the data receiving comparator output will
always be asserted when regulation is occurring. The

PIC16F628 uses this bit information as the incoming
data. The firmware receives these bhits of data and com-
piles them into a useful format.

MEMORY USAGE

The firmware shown on our web site at (www.micro-
chip.com) was built for the PIC16F628. Table 1 pro-
vides the percentage used of all the memory types.

TABLE 1. MEMORY PERCENTAGES

Memory Type Max Used % Used
Program 2181 929 42.60
Data 224 42 18.75
EE Data 128 17 13.28

CONCLUSION

The RS-232/DALI Bridge is an example of a simple
Digitally Addressable Lighting Interface master device.
It performs the required functions that a master device
is expected to do on DALI. The basic circuitry and firm-
ware implemented here is a very good starting point for
amuch more sophisticated or ‘smarter’ master control.
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APPENDIX A: RS-232/DALI BRIDGE COMMANDS
TABLEA-1: RS-232/DALI BRIDGE COMMANDS

Command | Function DATA1 DATA2

0 Reset the Bridge NA NA

1 Return the status of the Bridge, Bit 1 = receive error, Bit 2 = DALI Bus Overload | NA NA

8 Store first DALI 16-bit sequence, (Command 19) DALI MSB | DALI LSB

9 Store second DALI 16-bit sequence, (Command 19) DALI MSB | DALI LSB

10 Store third DALI 16-bit sequence, (Command 19) DALI MSB | DALI LSB

16 Send, send 16-bit DALI sequence DALI MSB | DALI LSB

17 Double Send, send 16-bit DALI sequence twice at 10 ms apart DALI MSB | DALI LSB

18 Send & Receive, send 16-bit DALI sequence and wait at most 100 ms for an 8- | DALI MSB | DALI LSB
bit return

19 Send the three word sequence from commands 8, 9, & 10 NA NA

192 Change DALI TX edge delay (us) DATA_H |DATA L

193 Change DALI TX stop delay (us) DATA_H |DATA_L

194 Change DALI bridge regulator delay (us) DATA_H |DATA L

195 Change DALI RX wait (ms) (Command 18) NA DATA L

196 Change DALI RX start delay (us) DATA_H |DATA L

197 Change DALI RX sample delay (us) DATA_H |DATA L

198 Change DALI RX sample end delay (us) DATA_H |DATA L

199 Enable debug NA DATA_L

200 Change DALI double send delay (ms) (Command 17) NA DATA L

201 Change DALI sequence delay (ms) (Command 19) NA DATA L

208 Query DALI TX edge delay MSB NA NA

209 Query DALI TX edge delay LSB NA NA

210 Query DALI TX stop delay MSB NA NA

211 Query DALI TX stop delay LSB NA NA

212 Query DALI bridge regulator delay MSB NA NA

213 Query DALI bridge regulator delay LSB NA NA

214 Query DALI RX wait NA NA

215 Query DALI RX start delay MSB NA NA

216 Query DALI RX start delay LSB NA NA

217 Query DALI RX sample delay MSB NA NA

218 Query DALI RX sample delay LSB NA NA

219 Query DALI RX sample end delay MSB NA NA

220 Query DALI RX sample end delay LSB NA NA

221 Query debug NA NA

222 Query DALI double send delay NA NA

223 Query DALI sequence delay NA NA
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THE CIRCUIT

APPENDIX B:
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NOTES:
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Note the following details of the code protection feature on PICmicro® MCUs.

The PICmicro family meets the specifications contained in the Microchip Data Sheet.

Microchip believes that its family of PICmicro microcontrollers is one of the most secure products 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 knowi-
edge, require using the PICmicro microcontroller in a manner outside the operating specifications contained in the data sheet.
The person doing so may be engaged in theft of intellectual property.

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

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 product.

If you have any further questions about this matter, please contact the local sales office nearest to you.

Information contained in this publication regarding device
applications and the like is intended through suggestion only
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
No representation or warranty is given and no liability is
assumed by Microchip Technology Incorporated with respect
to the accuracy or use of such information, or infringement of
patents or other intellectual property rights arising from such
use or otherwise. Use of Microchip’s products as critical com-
ponents in life support systems is not authorized except with
express written approval by Microchip. No licenses are con-
veyed, implicitly or otherwise, under any intellectual property
rights.
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Trademarks

The Microchip name and logo, the Microchip logo, FilterLab,
KEELOQ, microlD, MPLAB, PIC, PICmicro, PICMASTER,
PICSTART, PRO MATE, SEEVAL and The Embedded Control
Solutions Company are registered trademarks of Microchip Tech-
nology Incorporated in the U.S.A. and other countries.

dsPIC, ECONOMONITOR, FanSense, FlexROM, fuzzyLAB,
In-Circuit Serial Programming, ICSP, ICEPIC, microPort,
Migratable Memory, MPASM, MPLIB, MPLINK, MPSIM,
MXDEV, PICC, PICDEM, PICDEM.net, rfPIC, Select Mode
and Total Endurance are trademarks of Microchip Technology
Incorporated in the U.S.A.

Serialized Quick Turn Programming (SQTP) is a service mark
of Microchip Technology Incorporated in the U.S.A.

All other trademarks mentioned herein are property of their
respective companies.

© 2002, Microchip Technology Incorporated, Printed in the
U.S.A., All Rights Reserved.

f‘? Printed on recycled paper.

Microchip received QS-9000 quality system
certification for its worldwide headquarters,
design and wafer fabrication facilities in
Chandler and Tempe, Arizona in July 1999 and
Mountain View, California in March 2002.

The Company'’s quality system processes and
procedures are QS-9000 compliant for its
PICmicro® 8-bit MCUs, KEELOQ® code hopping
devices, Serial EEPROMSs, microperipherals,
non-volatile memory and analog products. In
addition, Microchip’s quality system for the
design and manufacture of development
systems is ISO 9001 cetrtified.
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