(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date

(10) International Publication Number

13 March 2003 (13.03.2003) PCT WO 03/022015 Al
(51) International Patent Classification’: HO5B 41/36 Prof. Holstlaan 6, NL-5656 AA Eindhoven (NL). WA-
CYK, Ihor, T.; Prof. Holstlaan 6, NL.-5656 AA Eindhoven
(21) International Application Number:  PCT/IB02/03508 (NL).

(22) International Filing Date: 23 August 2002 (23.08.2002)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

09/946,062 4 September 2001 (04.09.2001) US

(71) Applicant: KONINKLIJKE PHILIPS ELECTRON-
ICS N.V. [NL/NL]; Groenewoudseweg 1, NL-5621 BA
Eindhoven (NL).

(72) Inventors: LI, Qiong, M.; Prof. Holstlaan 6, NL-5656
AA Eindhoven (NL). GIANNOPOULOS, Demetri, J.;

(74) Agent: BOSMA, Rudolphus, H., A.; Internationaal Oc-
trooibureau B.V., Prof. Holstlaan 6, NL-5656 AA Eind-
hoven (NL).

(81) Designated States (national): CN, JP.

(84) Designated States (regional): European patent (AT, BE,
BG, CH, CY, CZ, DE, DK, EE, ES, FI, FR, GB, GR, IE, IT,
LU, MC, NL, PT, SE, SK, TR).

Published:
—  with international search report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: ADAPTIVE CONTROL FOR HALF-BRIDGE UNIVERSAL LAMP DRIVERS

/022015 Al

_____________ .
MOSFETT 0
(o Ly A
{{ YY"\ ; I
]
N e !
1 [}
MOSFET2 me | Itl W | ML) oo
- - 2y ]
R:L_, - J E J =
] ! :
S P 3 |
T | ‘ |
| &y Sl
o PULSE WOTH ADAPTIE oucimn ||
b
Lo W woe (<l ooeesin [P/ /Pe A T !
e I 8 i
! }
1 §
i 1
11 |
i H

LOOK-UP TABLE 86

(57) Abstract: An adaptive compensation circuit (80, 90) for controlling a universal lamp driver (20) coupled to a lamp (10) is

€0 disclosed. The adaptive compensation circuit (80, 90) utilizes an identification of a lamp type of the lamp (10) to thereby generate

a signal indicative of a time constant of the lamp (10). The adaptive compensation circuit (80, 90) subsequently determines a zero
position (Zs) and a pair of pole positions (Ps;, Psy) corresponding to the time constant, and generates a control voltage (V¢) in
response to a determination of the zero position (Zs) and the pair of pole positions (Ps;, Psz). The control voltage (V) facilitates an
operation of the universal lamp driver (20) to stably provide a lamp current (I.) to the lamp (10).
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Adaptive control for half-bridge universal lamp drivers

BACKGROUND OF THE INVENTION

1. Field of the Invention
The present invention generally relates to controlling a dimming of various
types of lamps. The present invention specifically relates to hindering discontinuities and

oscillations within a lamp due to the ionization and recombination time delay of the lamp.

2. Description of the Related Art

FIGS. 1 and 4 illustrates a known structural arrangement of a universal lamp
driver 20 including a N-depletion metal oxide semiconductor field-effect transistor
(“MOSFET 17), a N-depletion metal oxide semiconductor field-effect transistor (“MOSFET
2”), a capacitor Cy, an inductor L;, and a capacitor C, for providing a lamp voltage V1 and a
lamp current Iy, to lamp 10 in response to a source supply voltage Vss and a source supply
current Iss. FIG. 1 further illustrates a conventional multiplier 30 and a known structural
arrangement of a feedback compensation circuit 40 having a conventional gate driver 41, a
conventional pulse width modulator 42, a comparator in the form of an operational amplifier
(“OP AMP 17), a capacitor Cs, and a resistor R,. Multiplier 30 computes and provides a
lamp power signal LPg to feedback compensation circuit 40 that is indicative of lamp voltage
V1 and lamp current I;. In response to lamp power signal LPg and a reference voltage Vrer,
feedback compensation circuit 40 controls an active mode of operation of MOSFET 1 and an
active mode of operation of MOSFET 2 whereby lamp current I, can be adjusted to thereby
adjust a dimming level of lamp 10.

An advantage of universal lamp driver 20 is the ability to drive various forms
of lamp 10 (e.g., any type of gas discharge lamp). A disadvantage of feedback compensation
circuit 40 is the inability to control an adjustment of lamp current I, for all types of various
forms of lamp 10. FIG. 2 illustrates the inability of feedback compensation circuit 40 to
control an adjustment of lamp current I, within an inaccessible area. The result is a

discontinuity in lamp current I as illustrated in FIG. 3A.
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FIG. 4 illustrates a rectifier 50 and a known structural arrangement of a
feedback compensation circuit 60 having a conventional gate driver 61, a conventional
voltage controlled oscillator 62, a comparator in the form of an operational amplifier (“OP
AMP 2”), a capacitor Cq, a capacitor Cs, a resistor Rz, and a resistor Ra. Rectifier 50
computes and provides lamp power signal LCg to feedback compensation circuit 60 that is
indicative of lamp current I. In response to lamp current signal LCs and reference voltage
Vrer, feedback compensation circuit 60 controls an active mode of operation of MOSFET 1
and an active mode of operation of MOSFET 2 whereby lamp current Iy, can be adjusted
while experiencing a continuity as illustrated in FIG. 3B.

However, a disadvantage of feedback compensation circuit 60 is the inability
to provide a compensation to half-bridge universal lamp driver 20 that is adapted to a
particular type of lamp 10. The result is an instability problem of lamp driver 20 for some
types of lamp 10. For example, feedback compensation circuit 60 can be designed to provide
a 2 pole-1 zero compensation with a zero at 200 rad/sec and a pole at 10 rad/sec.
Consequently, lamp current Iy, can be unstable as illustrated in FIG. 5A when lamp 10 is a
type of lamp having a time constant of 50 p, and lamp current I, can be stable as illustrated in
FIG. 5B when lamp 10 is a type of lamp having a time constant of 500 ps.

The present invention addresses the shortcomings of the prior art.

SUMMARY OF THE INVENTION

The present invention relates to an adaptive control of universal lamp drivers.
Various aspects of the present invention are novel, non-obvious, and provide various
advantages. While the actual nature of the present invention covered herein can only be
determined with reference to the claims appended hereto, certain features, which are
characteristic of the embodiments disclosed herein, are described briefly as follows.

One form of the present invention is a method of adaptively controlling a lamp
driver coupled to a lamp. First, a time constant corresponding to the lamp is determined.
Second, the lamp driver is operated to provide a lamp current to the lamp as a function of the
time constant of the lamp.

A second form of the present invention is a device comprising a lamp driver
and an adaptive compensation circuit. The lamp driver is operable to provide a lamp current
to a lamp. The adaptive compensation circuit is operable to control the lamp current as a

function of a time constant of the lamp.
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The foregoing forms and other forms, features and advantages of the present
invention will become further apparent from the following detailed description of the
presently preferred embodiments, read in conjunction with the accompanying drawings. The
detailed description and drawings are merely illustrative of the present invention rather than
limiting, the scope of the present invention being defined by the appended claims and

equivalents thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a universal lamp driver and a power feedback compensation
circuit as known in the art;

FIG. 2 illustrates a graph of a lamp current vs a lamp voltage generated and
controlled by the universal lamp driver and the power feedback compensation circuit of FIG.
1;

FIG. 3A illustrates a graph of a lamp current experiencing a discontinuity;

FIG. 3B illustrates a graph of a lami) current experiencing a continuity;

FIG. 4 illustrates a universal lamp driver and a current feedback compensation
circuit as known in the art;

FIG. 5A illustrates a first graph of an unstable lamp current;

FIG. 5B illustrates a second graph of stable lamp current;

FIG. 6 illustrates a first embodiment of a universal lamp driver and an
adaptive feedback compensation circuit in accordance with the present invention; and

FIG. 7 illustrates a second embodiment of a universal lamp driver and an

adaptive feedback compensation circuit in accordance with the present invention.

DETAILED DESCRIPTION OF THE PRESENTLY PREFERRED EMBODIMENTS

FIG. 6 illustrates universal lamp driver 20 as previously described herein in
connection with FIG. 1 as well as a conventional multiplier 70 and an adaptive compensation
circuit 80 in accordance with the present invention. Adaptive compensation circuit 80
comprises a conventional gate driver 81 and a conventional pulse width modulator 82.
Adaptive compensation circuit 80 further comprises a lamp identifier 84, a pole-zero
calculator 85, a look-up table 86, and an adaptive compensator 83, all of which can consist of

digital circuitry, analog circuitry, or both.
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Lamp identifier 84 is operable to provide a time constant signal TCs that is
indicative of a time constant of lamp 10 to pole-zero calculator 85 in response to lamp
voltage V1. In one embodiment, lamp identifier 84 generates time constant signal TCs by
identifying the type of lamp 10 as disclosed in a U.S. Patent No. 6,160,361, entitled “For
Improvements In A Lamp Type Recognition Scheme” and issued on December 12, 2000,
which the entirety of is hereby incorporated by reference and is owned by the assignee of this
patent.

In response to time constant signal TCs and lamp power signal LPg, pole-zero
calculator 85 is operable to retrieve a first pole position signal Pg;, a zero position signal Zs,
and a second pole position signal Ps; from look-up table 86, all of which correspond to the
time constant of lamp 10. Pole position signal Pg; is indicative of a low frequency (e.g., 10-
20 rad/sec). Pole position signal P, is indicative of a high frequency (e.g., 1,000-50,000
rad/sec). Zero position signal Zg is indicative of a frequency between the low frequency
indicated by pole position signal Ps; and the high frequency indicated by pole position signal
Ps;. The following TABLE 1 is an ex_emplary embodiment of look-up table 86:

TABLE 1
TIME CONSTANT LOW POLE ZERO POSITION  HIGH POLE
(us) POSITION (rad/sec) POSITIION
(rad/sec) (rad/sec)
50 10 600 10,000
500 10 200 1,000
200 10 430 4,600

Pole-zero calculator 85 provides pole position signal Pg;, zero position signal
Zs, and a second pole position signal Pg, to adaptive compensator 83. In response tﬁereto as
well as lamp power signal LPg and a voltage reference Vrgr,, adaptive compensator 83
computes a control voltage V¢ for conventionally operating pulse width modulator 82 and
gate driver 81 whereby lamp current I, is continually and stably controlled as shown in FIGS.
3B and 5B. In one embodiment, adaptive compensator 83 computes control voltage V¢ in

accordance with the following Laplace transfer function [1] in a frequency domain:

K *[(S + Zs)/{(S + Ps1) * (S + Ps2)}] [1]
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where K is the dc gain of the compensation which is adjusted by the feedback
loop established by compensation circuit 80. Those having ordinary skill in the art will
appreciate the circuitry illustrated in FIG. 6 is an open loop circuit prior to an identification
of the type of lamp 10 and a closed load circuit upon an initial computation of control voltage
Ve.

FIG. 7 illustrates universal lamp driver 20 and multiplier 70 as previously
described herein in connection with FIG. 1 as well as an adaptive compensation circuit 90 in
accordance with the present invention. Adaptive compensation circuit 90 comprises
conventional gate driver 81, conventional pulse width modulator 82, pole-zero calculator 85,
look-up table 86, and adaptive compensator 83 as previously described herein in connection
with FIG. 6. Alternative to lamp identifier 85 (FIG. 6), adaptive compensation circuit 90
comprises a lamp identifier 87 that is operable to provide time constant signal TCg to pole-
zero calculator 85 in response to a lamp identification signal LIDs via as serial port or an RF
interface from a central control unit.

In other embodiments of the present invention, an adaptive compensator based
upon a current feedback control, multi-loop control, and frequency modulations can be
substituted for adaptive compensator 83.

While the embodiments of the present invention disclosed herein are presently
considered to be preferred, various changes and modifications can be made without departing
from the spirit and scope of the present invention. The scope of the present invention is
indicated in the appended claims, and all changes that come within the meaning and range of

equivalents are intended to be embraced therein.
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CLAIMS:

1. A method of adaptively controlling a lamp driver (20) coupled to a lamp (10),
said method comprising:

determining a time constant corresponding to the lamp (10); and

operating the universal lamp driver (20) to provide a lamp current (Ir) to the

Jamp (10) as a function of a time constant of the lamp (10).

2. A method of adaptively controlling a lamp driver (20) coupled to a lamp (10)
as claimed in claim 1, said method comprising:

determining a zero position (Zs), a first pole position (Psi), and a second pole
position (Psy) in response to a determination of the time constant;

generating a control voltage (V) as a function of the zero position (Zs), the
first pole position (Ps;), and the second pole position (Ps;); and

operating the lamp. driver (20) to stably provide a lamp current (Ir) to the lamp

(10) in response to a generation of the control voltage (Vc).

3. A device, comprising:

a universal lamp driver (20) operable to provide a lamp current (Ir) to a lamp
(10); and

an adaptive compensation circuit (80, 90) operable to control the lamp current

(I.) as a function of a time constant of the lamp (10).

4, The device of claim 3, wherein said adaptive compensation circuit (80, 90)

includes means (84, 87) for determining the time constant corresponding to the lamp (10).

5. The device of claim 3, wherein said adaptive compensation circuit (80, 90)
includes means (85) for determining a zero position (Zs), a first pole position (Ps1), and a

second pole position (Ps;) in response to a determination of the time constant.
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6. The device of claim 5, wherein said adaptive compensation circuit (80, 90)
includes means (83) for generating a control voltage (V¢) as a function of the zero position

(Zs),the first pole position (Ps;), and the second pole position (Psz) corresponding to the lamp
(10).

7. The device of claim 6, comprising means (81, 82) for operating the lamp
driver (20) to stably provide a lamp current (Ir) to the lamp (10) in response to a generation

of the control voltage (V).
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