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START UP CIRCUIT FOR DIGITAL ADDRESSABLE LIGHTING INTERFACE

STAND BY COMPATIBLE DRIVER

[0001] The disclosed exemplary embodiments relate generally to lighting control
systems, and more particularly to a startup and stand by conditions for addressable

lighting systems.

BACKGROUND

[0002] Lighting for homes, offices, commercial spaces, and public areas may be
controlled to account for occupancy and ambient light at the light fixture, workstation,
room, floor and building levels. Various systems have been implemented using the
Digital Addressable Lighting Interface (DALI) which is a global standard for a lighting
control data protocol and transport mechanism maintained as IEC 62386. The DALI
standard specifies a two wire, bi-directional data bus connecting a DALI application
controller with up to 64 DALI control gear items and control devices, such as ballasts,
drivers, transformers, occupancy sensors, photo sensors, wall switches, and dimmers.
The data bus cable is mains rated and may be run next to mains conductors or in a cable
with mains conductors. The DALI control gear are individually addressable and data
is transferred between the application controller and the control gear using an
asynchronous, half-duplex, serial protocol. Data is transmitted using Manchester
encoding at a fixed data transfer rate of 1200 bits/s to ensure reliable communications.
The DALI bi-directional data bus also provides power at 16 volts and 250 mA
maximum current. DALI application controllers and control gear may be connected in

a star or daisy chain configuration.
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[0003] Figure 1 shows a block diagram of an exemplary DALI system 100. An
application controller 105 is connected to a number of control gear items 1100-11063 by
the bi-directional databus 115. Control gear items 1100-11063 may control light sources
125 or other equipment. Mains power is provided through mains cable 120. In some
implementations, mains power is provided by or controlled by application controller

105.

[0004] Figure 2 shows a schematic diagram of at least a portion of an exemplary DALI
control gear 205 similar to control gear 1100-11063. DALI control gear 205 may include
a bus interface 210 and operating circuitry 215. Bus interface 210 may isolate the
operating circuitry 215 from the bi-directional data bus 115 using a diode bridge 240
and optocouplers. For example, optocoupler 220R may be used for receiving
commands or messages from application controller 105 to the control gear 205, while
optocoupler 220T may be used for transmitting responses and messages from the
control gear 205 to the application controller 105. The control gear 205 may include a
computer 225, for example, a single chip microcontroller with a processor and memory
230 for exchanging information over the DALI bi-directional data bus 115 and for

controlling lamps and other lighting equipment.

[0005] Figure 3 shows a schematic diagram of at least a portion of an exemplary power
supply 300 for providing power to DALI control gear circuitry. The exemplary supply
is capable of providing one or more outputs, for example, +5V and Vcc. The exemplary
control gear power supply 300 includes a partially shown rectifier circuit 305 and
switches 310, 315, and 320. While switches 310, 315, and 320 may be implemented as

semiconductors, for example, transistors, field effect transistors (FETs), metal oxide
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semiconductor field effect transistors (MOSFETS), in this example, switches 310, 315,

and 320 are N-channel MOSFETs.

[0006] After initial turn on, the +5V supply may be generated directly from an output
325 of the rectifier circuit 305 and the Vcc supply may be generated from the output
325 through switch 310 controlled by switches 315 and 320. After the output 325
stabilizes and Vcc is established, the supplied control gear reaches steady state
operations, that is, operations that implement DALI functions. At some point, a standby
signal may be received at input 330. Upon receipt of the standby signal, switch 315
will conduct, forcing the gate of switch 310 to a level causing switch 310 to open,
removing power from Vcc. In addition, switch 320 will conduct, forcing Vece to a low
level. In this example, when the standby signal received, the +5v supply remains at full

power capacity and Vcc is substantially disabled.

[0007] DALI standards set limits on circuit initialization times after power is applied.
In addition, DALI standards also set limits on power consumed by control gear
components during different modes of operation after initialization is complete. For
example, power consumption may be held at a lower level when the control gear is

operating in standby mode.

[0008] It would be advantageous to provide a power supply capable of operating in
various modes, for example, an increased power mode that allows control gear
components to complete initialization during a specified time period, and a decreased
power mode that limits power available to control gear components after initialization

and when operating in standby mode.
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SUMMARY

[0009] The disclosed embodiments are directed to a power supply including a first
component arrangement providing a first current output for initializing control
circuitry, and a second component arrangement providing a second current output to

the control circuitry when the control circuitry initialization is complete.

[0010] In some aspects of the disclosed embodiments, the control circuitry comprises

digital addressable lighting interface control gear circuitry.

[0011] In certain aspects of the disclosed embodiments, the first current output is higher

than the second current output.

[0012] In at least one aspect of the disclosed embodiments, components of the first

component arrangement are selected to provide a predetermined initialization time.

[0013] In one or more aspects of the disclosed embodiments the first and second

component arrangements are resistor networks.

[0014] The disclosed embodiments may include a switch for selecting between the first

and second component arrangements.

[0015] The disclosed embodiments may also include switching circuitry for controlling
the switch to select the first component arrangement upon an application of power to
the control circuitry, and to select the second component arrangement when the control

circuitry initialization is complete.

[0016] In some aspects of the disclosed embodiments, the switching circuitry may be
configured to control the switch to select the second component arrangement upon

receiving a standby mode signal.
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[0017] The disclosed embodiments are further directed to a method of operating a
power supply including connecting a first component arrangement of the power supply
to provide control circuitry with a first current for initializing operations within a
predetermined time period, and connecting a second component arrangement of the
supply to provide the control circuitry with a second current when initializing

operations are complete.

[0018] In some aspects of the disclosed embodiments, the control circuitry of the

method comprises digital addressable lighting interface control gear circuitry.

[0019] In certain aspects of the disclosed embodiments, the first current output of the

method is higher than the second current output of the method.

[0020] At least one aspect of the disclosed embodiments includes selecting components

of the first component arrangement to provide a predetermined initialization time.

[0021] In one or more aspects of the disclosed embodiments, the first and second

component arrangements of the method are resistor networks.

[0022] The disclosed embodiments may include selecting the first component
arrangement upon an application of power to the control circuitry, and selecting the

second component arrangement when the control circuitry initialization is complete.
[0023] The disclosed embodiments may also include selecting the second component
arrangement upon receiving a standby mode signal.

BRIEF DESCRIPTION OF THE DRAWINGS:

[0024] Figure 1 shows a block diagram of an exemplary prior art digital addressable

lighting interface (DALI) system;
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[0025] Figure 2 shows a schematic diagram of at least a portion of an exemplary prior

art DALI control gear;

[0026] Figure 3 shows a schematic diagram of at least a portion of an exemplary prior

art DALI control gear power supply;

[0027] Figure 4 is a schematic diagram of an exemplary DALI control gear power

supply incorporating the disclosed embodiments; and

[0028] Figure 5 shows another example of an exemplary DALI control gear power

supply according to the disclosed embodiments.

DETAILED DESCRIPTION:

[0029] The embodiments disclosed herein provide control gear components with
different levels of power for different operating modes. In one or more aspects, the
present embodiments utilize a switching circuit to vary power available to control gear

components.

[0030] Figure 4 is a schematic diagram of an exemplary DALI control gear power
supply 400 incorporating the structures and techniques disclosed herein. The control
gear power supply includes a partially shown rectifier 405 connected to a current supply
420. As part of the current supply 420, a semiconductor component 425 may be
configured to supply a current determined by resistors 430, 435, and 440. The control
gear power supply 400 also includes a switching circuit 410 controlling a switch 415
connected to the current supply 420. Inputs to the switching circuit 410 include Vcc,

rectifier 405 and a standby input signal 445.

[0031] Upon turn-on, rectifier 405 produces power which is provided to current supply

420 and to switching circuit 410 through node 450. When node 450 transitions to an

6
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active level, switching circuit 410 is triggered and causes switch 415 to close,
connecting resistors 435 and 440 in parallel. This results in a decreased resistance
between the semiconductor component 425 and Vcc, and an increase in the current
supplied by current supply 420 to both Vcc and +5V. The increased current is supplied
to control gear components during initialization allowing the components to complete
initialization within a predetermined time period. In at least one embodiment, the
values of resistors 430, 435, and 440 may be chosen to provide a particular amount of
current during initialization. Switch 415 and semiconductor component 425 may
include one or more transistors or other semiconductor switching devices. In at least
one embodiment, switch 415 and semiconductor component 425 may be implemented

using at least one N-channel FET or MOSFET.

[0032] After Vcc reaches a stable operating level, switching circuit 410 operates to
open switch 415, disconnecting resistor 435, resulting in an increased resistance
between semiconductor component 425 and Vcc and a decrease in the current supplied
by current supply 420. The decreased current may be maintained during control gear
steady state operations or during an automatic reset that may be triggered if Vcc drops

below a predetermined value.

[0033] Switching circuit 410 may receive a standby signal on input 445, indicating that
the control gear is to be operated in a standby mode. Standby mode operation may
include operating the control gear at a reduced power consumption rate while
maintaining a communication capability with the application controller 105. For
example, standby mode operation could include providing power to communication
circuitry within the control gear such as bus interface 210, optocouplers 220R, 220T,

and operating control circuitry 215. Upon receiving the standby signal on input 445,
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switching circuit 410 operates to maintain switch 415 in an open state. This effectively

maintains the current supplied by current supply 420 at the reduced rate.

[0034] Figure 5 shows another embodiment of an exemplary DALI control gear power
supply 500 incorporating the structures and techniques disclosed herein. The control
gear power supply 500 includes a partially shown rectifier 505 and a current supply
520. As part of current supply 520, a semiconductor component 525 may be configured
to supply a current determined by resistors 530, 535, and 540. Semiconductor
component 525 may include one or more transistors or other semiconductor switching

devices.

[0035] The control gear power supply 500 also includes an exemplary embodiment of
switching circuit 410 and switch 415. In this embodiment, switching circuit 410
includes semiconductor switching device 515, zener diode 560, and semiconductor
switching device 555. In at least one aspect of the disclosed embodiments,
semiconductor components 525, 515 and 555 may be implemented using one or more
N-channel FETs, however, it should be understood that any device suitable for use in

the disclosed embodiments may be used.

[0036] Upon turn-on, rectifier 505 produces power which is provided to current supply
520 and to switching circuit 510 through node 550. When node 550 transitions to an
active level, the active level signal is provided to a gate G of semiconductor switching
device 515 causing the device 515 to conduct, connecting resistors 535 and 540 in
parallel. This results in a decreased resistance between a source S of the semiconductor
component 525 and Vcc, and an increase in the current supplied by current supply 520.
The increased current provided to Vcc operates to decrease the start-up time of

components supplied by Vcc.
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[0037] As the output of the rectifier 505 increases to a stable operating level, zener
diode 560 operates to clamp the voltage at the gate of semiconductor switching device
515. As Vcc approaches a stable operating level, a voltage across the gate G and source
S of semiconductor switching device 515 decreases causing semiconductor switching
device 515 to open, disconnecting resistor 535 from the parallel circuit with resistor
540. As a result, resistance between semiconductor component 525 and Vcc increases
and the current supplied by current supply 520 decreases. The resulting decreased

current may be maintained during control gear steady state operations.

[0038] A standby signal may be received on input 545, indicating that the control gear
is to be operated in a standby mode. In standby mode, the control gear generally
operates at a reduced power consumption rate while maintaining a communication
capability with the application controller 105. As mentioned above, standby mode
operation could include providing power to communication circuitry within the control
gear such as bus interface 210, optocouplers 220R, 220T, and operating control
circuitry 215. The standby signal on input 545 causes semiconductor switching device
555 to conduct, forcing the voltage at gate G of semiconductor switching device 515 to
alevel for maintaining switch 515 in an open state, and maintaining the reduced current

output operation of the current supply 520 at the reduced rate.

[0039] The power supplies 400, 500 generally provide power to control circuitry, for
example DALI drivers, to accommodate control circuitry initialization within a
predetermined time. The power supplies also provide for reduced power consumption
during stand-by mode. The disclosed structures and methods allow selection of the
components of the power supplies for compliance with DALI standards for

initialization time and for standby power consumption. Using strategic switching and
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stand-by control, the disclosed embodiments are able to both supply power to the
control circuitry and power down during stand-by mode below DALI power
consumption standards, for example, a power consumption of less than 0.5W. Stand-
by mode may include providing power to certain components to maintain
communication capabilities between the control gear 110 and the application controller

105 (Figure 1), for example, for system restart or any other commands that may be sent.

[0040] Various modifications and adaptations may become apparent to those skilled in
the relevant arts in view of the foregoing description, when read in conjunction with
the accompanying drawings. However, all such and similar modifications of the
teachings of the disclosed embodiments will still fall within the scope of the disclosed

embodiments.

[0041] Furthermore, some of the features of the exemplary embodiments could be used
to advantage without the corresponding use of other features. As such, the foregoing
description should be considered as merely illustrative of the principles of the disclosed

embodiments and not in limitation thereof.

10
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CLAIMS

1. A power supply comprising;

a first component arrangement providing a first current output for initializing

control circuitry; and

a second component arrangement providing a second current output to the

control circuitry when the circuitry initialization is complete.

2. The power supply of claim 1, wherein the control circuitry comprises digital

addressable lighting interface control gear circuitry.

3. The power supply of claim 1, wherein the first current output is higher than the

second current output.

4, The power supply of claim 1, wherein components of the first component

arrangement are selected to provide a predetermined initialization time.

5. The power supply of claim 1, wherein the first and second component

arrangements are resistor networks.

6. The power supply of claim 1, further comprising a switch for selecting between

the first and second component arrangements.

7. The power supply of claim 6, further comprising switching circuitry for
controlling the switch to select the first component arrangement upon an application of
power to the control circuitry, and to select the second component arrangement when

the control circuitry initialization is complete.

11
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8. The power supply of claim 7, wherein the switching circuitry is configured to
control the switch to select the second component arrangement upon receiving a

standby mode signal.
9. A method of operating a power supply comprising:

connecting a first component arrangement of the power supply to provide
control circuitry with a first current for initializing operations within a

predetermined time period; and

connecting a second component arrangement of the supply to provide the
control circuitry with a second current when initializing operations are

complete.

10. The method of claim 9, wherein the control circuitry comprises digital

addressable lighting interface control gear circuitry.

11. The method of claim 9, wherein the first current output is higher than the second

current output.

12. The method of claim 9, comprising selecting components of the first component

arrangement to provide a predetermined initialization time.

13. The method of claim 9, wherein the first and second component arrangements

are resistor networks.
14. The method of claim 9, further comprising:

selecting the first component arrangement upon an application of power to the

control circuitry; and

12
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selecting the second component arrangement when the control circuitry

initialization is complete.

15. The method of claim 9, further comprising selecting the second component

arrangement upon receiving a standby mode signal.

13



WO 2016/133584 PCT/US2015/065427

175

FIG. 1 prior Art

125~

S

100 .

120

MAINS



PCT/US2015/065427

WO 2016/133584

215

WY 10U

Iy
hidy

AM
kil




\
Z 7
VSR W % )

Wprvrvveriicovriicivriies

%77

PCT/US2015/065427

3 &\\\\\\\\\\\\\\\\*\\\\\\\\\\\\«

300

N

asae

N
RN
s

Srnrikly

anaNane

3/5

piins

ot
e

WO 2016/133584

N
N

FIG. 3 Prior Art



WO 2016/133584 PCT/US2015/065427

4/5

Lot

FIG. 4



WO 2016/133584 PCT/US2015/065427

5/5

L~ 500

FIG. 5



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2015/065427

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO5B37/02
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

HO5B HO2J HO2M

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

11; figure 2

30 July 2009 (2009-07-30)

1 May 2014 (2014-05-01)

paragraph [0022] - paragraph [0074]

paragraph [0013] - paragraph [0037]

X US 2012/025608 Al (MELANSON JOHN L [US] ET 1-15
AL) 2 February 2012 (2012-02-02)

paragraph [0024] - paragraph [0027]
paragraph [0036] - paragraph [0036]; claim

X WO 20147175897 A2 (SCHNEIDER ELECTRIC USA 1-15
INC [US]) 30 October 2014 (2014-10-30)
paragraph [0011] - paragraph [0021]

X US 2009/189442 Al (CHI HONGWU [US]) 1-15

A US 2014/119059 Al (MAO MINGMING [US]) 1-15

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

10 May 2016

Date of mailing of the international search report

18/05/2016

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Hernandez Serna, J

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2015/065427
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2012025608 Al 02-02-2012 CN 103038989 A 10-04-2013
CN 103238268 A 07-08-2013
EP 2599200 Al 05-06-2013
EP 2599203 A2 05-06-2013
us 8749173 Bl 10-06-2014
US 2012025608 Al 02-02-2012
US 2012025724 Al 02-02-2012
US 2012025733 Al 02-02-2012
US 2015162838 Al 11-06-2015
WO 2012016207 Al 02-02-2012
WO 2012016221 A2 02-02-2012

WO 2014175897 A2 30-10-2014 US 2016075246 Al 17-03-2016
WO 2014175897 A2 30-10-2014

US 2009189442 Al 30-07-2009 CN 101849401 A 29-09-2010
JP 5393689 B2 22-01-2014
JP 2010541477 A 24-12-2010
US 2009189442 Al 30-07-2009
US 2012033747 Al 09-02-2012

US 2014119059 Al 01-05-2014 CN 103795278 A 14-05-2014
US 2014119059 Al 01-05-2014

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - claims
	Page 13 - claims
	Page 14 - claims
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - wo-search-report
	Page 21 - wo-search-report

