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EP 1 925 189 B1
Description
TECHNICAL FIELD

[0001] This invention relates to arc discharge lamps and, more particularly, to methods and apparatus for operating
very high pressure short arc mercury discharge lamps primarily used for projection applications.

BACKGROUND ART

[0002] Very high pressure discharge lamps include an arc tube containing an inert gas, mercury vapor, and two
electrodes positioned at opposite ends of the arc tube. An arc discharge is established in the arc tube by supplying an
electrical current to the electrodes. The very high pressure discharge lamp is typically utilized for projection applications,
where the optical system requires point-like light sources. To achieve such optical performance, the arc length must be
on the order of 1.0-1.5 millimeters. The lamps typically include an arc tube constructed of heat resistant and optical
transparent material such as quartz, tungsten electrodes, mercury vapor and an inert starting gas. The electrodes are
constructed of a tungsten rod with a tungsten coil attached to one end.

[0003] Typically, the electrode tip in very high pressure discharge lamps reaches temperatures close to or even above
the melting point of tungsten. This is necessary to prevent movement of the point of arc attachment to the electrode,
also called the arc root. However, if the electrodes become too cold, the molten tip solidifies and collapses to a relatively
flat surface. The arc attachment becomes unstable, leading to sudden arc movement or jumping. Moreover, the distance
between electrodes increases, thereby reducing the performance of the light collecting optics. On the other hand, if the
electrodes become too hot, the molten region increases, leading to a meltback condition where the distance between
electrodes increases, thereby reducing the performance of the light collecting optics. Moreover, during the meltback,
increased amounts of tungsten are evaporated from the electrodes and deposited on the arc tube walls, leading to poor
lamp maintenance. Therefore, the operation of very high pressure discharge lamps needs to be optimized in order to
achieve the most beneficial electrode temperature.

[0004] A problem in establishing the optimal temperature for the two electrodes of a discharge lamp may arise when
the lamp current is varied. Such a situation occurs as the lamp voltage increases. To maintain constant power conditions,
prior art ballast circuitry reduces the lamp current. As a result, the tip temperature of one electrode is reduced such that
the tip starts to solidify. Upon solidification, the tip of the electrode diminishes, leading to a larger arc gap and therefore,
a larger lamp voltage. The current supply to the lamp decreases and the electrode tip temperature is further reduced.
The process continues until the electrode surface becomes flat. Arc instability may then occur.

[0005] Furthermore, a very high pressure discharge lamp is usually mounted in a reflector, which changes the thermal
environment of the arc tube. One end of the lamp, and thus one electrode, may be hotter than the other end. In typical
applications, very high pressure discharge lamps are operated with forced air cooling, which is usually directed to both
sides of the lamp or to the upper side of the lamp. Depending on the configuration of the cooling airflow, different lamp
performance is achieved.

[0006] During the lifetime of a discharge lamp, the structure of the electrodes may change due to tungsten transport
from the tip of the electrode. In cases where one of the electrodes has started to melt back, its ability to conduct heat
from the electrode tip changes, and the flattening process may accelerate, leading to early lamp failure. Using preshaped
electrodes cannot compensate for most of these asymmetries, because they are unpredictable. Different electrode
shapes require additional devices to permit proper mounting of the lamp in the system in which it is employed.

[0007] Techniquesand circuits for operating high pressure discharge lamps are disclosed in U.S. Patent No. 5,608,294,
issued March 4, 1997 to Derra et al.; U.S. Patent No. 6,232,725, issued May 15, 2001 to Derra et al.; U.S. Patent No.
6,239,556, issued May 29, 2001 to Derra et al.; and International Publication No. WO 2004/002200, published December
31, 2003. All of the known prior art techniques have had one or more drawbacks and disadvantages.

[0008] US patent 5,677,602 discloses a method for operating a high pressure discharge lamp comprising the step of
controlling an alternating lamp current supplied to the lamp at a constant value, and adjusting the lamp current to a new
value to prevent power supplied to the lamp from exceeding an upper power limit. Arc instability is prevented by varying
the frequency in response to the current changes such that the lamp is operated above the highest acoustic arc resonance
frequency.

[0009] International patent application WO 2004/054328 discloses a lighting unit for a high intensity discharge lamp
comprising a cooling device to reduce mechanical stress caused by temperature variations in the lamp.

[0010] Accordingly, there is a need for methods and apparatus for operating very high pressure discharge lamps with
improved performance and lifetime.
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DISCLOSURE OF THE INVENTION

[0011] The above-said problems are solved by a method for operating a high pressure discharge lamp according to
claim 1 and a lamp system according to claim 13. Claims 2 to 12 and 14 to 24 refer to specifically advantageous
realizations of the subject matters of claim 1 and 13.

[0012] According to a first aspect of the invention, a method is provided for operating a high pressure discharge lamp.
The method comprises controlling an alternating lamp current supplied to the lamp at a constant RMS value, and adjusting
the lamp current to a new RMS value to prevent power supplied to the lamp from exceeding an upper power limit. The
lamp current is maintained constant at the new RMS value.

[0013] According to a second aspect of the invention, a lamp system comprises a high pressure discharge lamp, a
power circuit for supplying alternating current to the lamp, and a controller configured to control the lamp current at a
constant RMS value and to adjust the lamp current to a new RMS value to prevent power supplied to the lamp from
exceeding an upper power limit. The lamp current is maintained constant at the new RMS value.

[0014] According to a preferred embodiment of the invention, the method comprises controlling an alternating lamp
current supplied to the lamp at a constant RMS value, and adjusting the lamp current to a new RMS value to maintain
lamp power between an upper power limit and a lower power limit. The lamp current is maintained constant at the new
RMS value.

[0015] According to a preferred embodiment of the invention, the lamp system comprises a controller configured to
control the lamp current at a constant RMS value and to adjust the lamp current to a new RMS value to maintain lamp
power between an upper power limit and a lower power limit. The lamp current is maintained constant at the new RMS
value.

[0016] According to a preferred embodiment of the invention, the method comprises increasing the lamp current to a
new RMS value in response to a prescribed value of lamp voltage and maintaining the lamp current constant at the new
RMS value.

[0017] According to a preferred embodiment of the invention, the lamp system comprises a controller configured to
control the lamp current at a constant RMS value, to increase the lamp current to a new RMS value in response to a
prescribed value of lamp voltage and to maintain the lamp current constant at the new RMS value.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] For a better understanding of the present invention, reference is made to the accompanying drawings, which
are incorporated herein by reference and in which:

Fig. 1 is a schematic block diagram of a lamp system in accordance with a first embodiment of the invention;

Fig. 2 illustrates an electrode condition for stable arc root attachment;

Fig. 3 illustrates a flat electrode tip which exhibits flicker conditions;

Fig. 4A is a graph of lamp power, lamp voltage and lamp current as a function of time and illustrates current control
in accordance with embodiments of the invention;

Fig. 4B is a flow chart of a process for lamp control in accordance with embodiments of the invention;

Fig. 5 is a graph of relative light output (RLO) of a discharge lamp as a function of time for flicker and flicker-free
operation;

Fig. 6 is a graph of lamp power, lamp voltage and lamp current as a function of time and illustrates current control
in accordance with embodiments of the invention;

Fig. 7 is a schematic block diagram of a prior art lamp reflector and forced air cooling assembly;

Fig. 8 is a schematic block diagram of a lamp system in accordance with a second embodiment of the invention;
Fig. 9A is a graph of cooling rate, lamp power, lamp voltage and lamp current as a function of time and illustrates
current control and cooling control in accordance with embodiments of the invention;

Fig. 9B is a flow chart of a process for lamp control in accordance with embodiments of the invention;

Fig. 10 is a graph of lamp voltage and lamp power as a function of time in accordance with a prior art constant power
control technique;

Fig. 11 is a graph of lamp voltage and lamp power as a function of time in accordance with embodiments of the
invention; and

Fig. 12 is a graph of lamp voltage and lamp power as a function of time in accordance with embodiments of the
invention.

BEST MODE FOR CARRYING OUT THE INVENTION

[0019] A schematic block diagram of a lamp system in accordance with a first embodiment of the invention is shown
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in Fig. 1. The lamp system includes a very high pressure discharge lamp 10 and an electronic power supply 20. Discharge
lamp 10 is mounted in a reflector 12. One end 22 of discharge lamp 10 is secured in a neck 24 of reflector 12. The
reflector 12 is enclosed by a transparent member 26.

[0020] Very high pressure discharge lamps typically include an are tube 30 constructed of a heat resistant and optically
transparent material, such as quartz. Tungsten electrodes 32 and 34 are mounted at opposite ends of arc tube 30, and
the interior volume of arc tube 30 contains mercury vapor and an inert starting gas. Each of electrodes 32 and 34 includes
a tungsten rod 40 having a tungsten coil 42 attached to one end, as shown schematically in Figs. 2 and 3. Electrodes
32 and 34 are separated by an electrode distance, called the arc length. To achieve a desired optical performance, the
arc length is on the order of 1.0-1.5 millimeters. The electrodes are affixed to opposite ends of arc tube 30 by press
pinching. The electrodes are connected by appropriate electrical wiring to respective output terminals O1 and 02 of
electronic power supply 20.

[0021] Electronic power supply 20 includes a power circuit 50, an ignition circuit 52 and a controller 54. When input
terminals 11 and 12 of electronic power supply 20 are connected to an AC voltage supply, power circuit 50 generates an
alternating current having successive periods of alternate polarity and of predetermined shape. By way of example, the
alternating current may be a square wave. However, the alternating current is not limited as to wave shape. Ignition
circuit 52 ensures lamp starting.

[0022] Controller 54 senses the operation of discharge lamp 10 and controls lamp current in accordance with embod-
iments of the invention. The controller 54 includes a lamp current sensor 60, a lamp voltage sensor 62 and a control
circuit 64. Lamp current sensor 60 senses a lamp current value and provides outputs to power circuit 50 and control
circuit 64. Lamp voltage sensor 62 senses a lamp voltage value at the output of power circuit 50 and provides a voltage
value to control circuit 64. Control circuit 64 controls power circuit 50 in this embodiment. Control circuit 64 computes
lamp power and maintains lamp power within specified limits as described below. Power circuit 50 maintains a constant
value of RMS lamp current, with changes to new constant values of RMS lamp current in response to changes in lamp
operation. The lamp currentis an alternating current, having successive periods of alternate polarity and of predetermined
shape. The RMS (root mean square) value of the alternating current is maintained constant over extended periods of
time, its value depending on lamp operation as described below.

[0023] When discharge lamp 10 is energized, the tips of electrodes 32 and 34 typically reach temperatures close to
or even above the melting point of tungsten. Such operating temperatures are necessary to prevent movement of the
point of arc attachment to the electrode, also called the arc root. As shown in Fig. 2, when the electrode has a rounded
tip 70, the arc root 72 of arc 74 remains at a fixed position. However, if the electrode temperature becomes too low, the
molten tip solidifies and collapses to a relatively flat surface 80 as shown in Fig. 3. Then, arc root 72 may move on flat
surface 80, causing the lamp to flicker. Unexpectedly, it was discovered that by maintaining a controlled constant RMS
value of lamp current limps it is possible to substantially preserve the round shape of the electrode tip over an extended
period of time, regardless of lamp voltage changes.

[0024] Fig. 4A illustrates a lamp control routine in accordance with embodiments of the invention. Lamp power P,mp,
lamp voltage Vi, and lamp current I, are plotted as a function of time in Fig. 4A. Initially, it is assumed that lamp
power, lamp voltage and lamp current are at nominal values. In this case, the lamp current |, is controlled at a constant
RMS value ljy,,4. In response to lamp changes, the lamp RMS current can be changed to a new constant RMS value.
When the lamp voltage increases to a prescribed value of V|, the lamp current is increased to a level |, and is
maintained at a constant RMS value of |, until a further change in lamp conditions. This routine ensures the electrode
tips are maintained in a molten state with a rounded tip. In discharge lamps of this type, lamp voltage and electrode
spacing increase with time. By increasing the RMS current when the lamp voltage increases to the prescribed value of
Vimp2, the voltage increase process may be slowed down or reversed. The prescribed value of V,,, at which the RMS
current is increased may be defined by equation (1) below, but is not limited to this value.

Vlmp2 = Vlmp nom® 2 ® [lep hi / lep nom] (D

where

Vimp nom = hominal lamp voltage,

PImp hi = upper power limit, typically 120% of rated lamp power, and

Pimp nom = Nominal lamp power.

[0025] When the discharge lamp is operated with a conventional constant power ballast, the electrical power supplied
to the lamp is substantially the product of the RMS values of lamp voltage and lamp current. As the lamp RMS voltage
increases, the lamp RMS current is decreased proportionally to maintain the lamp power constant. Consequently, the
electrode tip temperature decreases and the molten tip region starts to solidify and contract. The electrode surface
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becomes flat and the arc root attachment becomes unstable, leading to lamp flicker. The flicker and flicker-free modes
of lamp operation may be assessed by measuring lamp relative light output (RLO). A photodiode positioned in front of
the lamp reflector was utilized to quantify the light output. Typical signal traces are illustrated in Fig. 5. Large fluctuations
of the RLO are indicative of arc jumping or flicker.

[0026] In another embodiment of the lamp control routine shown in Fig. 4A, if the lamp power increases to an upper
power limit P|mp ni» typically 180 watts for 150 watts nominal lamp power or 120% of the rated lamp power, lamp current
is decreased to a new constant RMS level I,mpg, such that the lamp power does not exceed the upper power limit for
the lamp. The upper power limit PImp ni may be specified relative to the rated lamp power. Thus, in the above example
an upper power limit of 180 watts is 120% of the rated lamp power or 30 watts above the rated lamp power.

[0027] In a further embodiment of the lamp control routine as shown in Fig. 4A, if the lamp power decreases to a lower
power limit P|mp 1o typically 120 watts for 150 watts nominal lamp power or 80% of the rated lamp power, lamp current
is increased to a new constant RMS level limp4 so that the lamp power does not decrease below the lower power limit
for the lamp.

[0028] The reaction of the discharge lamp to changes in RMS current is typically relatively slow. Thus, control circuit
64 preferably implements a delay following a change in RMS current before another change in RMS current can occur.
The delay permits the discharge lamp to stabilize in response to the new operating conditions. The delay may be on the
order of 25 to 50 hours, for example.

[0029] A flow chart of a control process implemented by controller 54 in the embodiments of Figs. 1 and 4A is shown
in Fig. 4B. In step 82, lamp current |, is controlled at a constant RMS value. Initially, the lamp current may be controlled
at a nominal value. In step 84, the lamp voltage V|mp is compared with a prescribed value V|mp2, such as the value given
by equation (1) above. The prescribed value V|mp2 of lamp voltage is typically higher than the nominal lamp voltage and
indicates that the electrode spacing has increased over its nominal value. If the lamp voltage V|mp exceeds the prescribed
value Vi, the lamp current |, is increased to a new RMS value |, in step 86. The process then returns to step 82
and the lamp current I, is maintained constant at the new RMS value. As noted above, the reaction of the discharge
lamp to changes in RMS current is typically relatively slow. Accordingly, the controller 54 may implement a delay on the
order of 25 to 50 hours before another comparison of lamp voltage V,,,, with the prescribed value V..

[0030] In step 88, the lamp power P|mp is compared to the upper power limit P|mp_hi. If the lamp power P|mp is equal
to or greater than the upper power limit, the lamp current I|mp is decreased to lamp current I|mp3 in step 90. The process
then returns to step 82 and the lamp current is maintained constant at the new RMS value I|mp3. In step 92, the lamp
power P, is compared with the lower power limit Py, .-, If the lamp power Py, is less than or equal to the lower power
limit, the lamp current |, is increased to a new RMS value |4 in step 94. The process then returns to step 82 and
the lamp current is maintained constant at the new RMS value |,,4. In the case where the lamp voltage does not exceed
the prescribed value V., and the lamp power remains between the upper and lower power limits, the lamp current is
maintained constant at the present RMS value in step 82.

[0031] A further embodiment of the lamp control routine is illustrated in Fig. 6, where lamp power, lamp voltage and
lamp current are plotted as a function of time. When the lamp voltage increases to a level V|mp5, which corresponds to
the upper power limit Py, 1, typically 180 watts for 150 watts nominal lamp power or 120% of the rated lamp power,
the lamp current is decreased to a new constant RMS level |;,,5, such that the lamp operates within a desired range of
the rated power.

[0032] The lamp current may be adjusted (increased or decreased) from one constant RMS value to a new constant
RMS value continuously or in one or more steps. In one example, the lamp current is adjusted in increments of 1 -2%
of the lamp current to avoid an abrupt change in light output. Preferably, the lamp current is adjusted, based on known
characteristics of the lamp, to bring the lamp power from the upper or lower power limit to or near the rated lamp power.
[0033] Depending on operating power and projector system fixturing, very high pressure discharge lamps operate at
high temperatures. Accordingly, cooling techniques are employed to extend the useful life of the lamp system. A typical
prior art arrangement is shown in Fig. 7. Forced air cooling devices 100 and 102 are mounted external to reflector 12.
This cooling may be directed to both sides of reflector 12 or to the upper side of reflector 12.

[0034] A block diagram of a lamp system incorporating lamp cooling control in accordance with a further embodiment
of the invention is shown in Fig. 8. Like elements in Figs. 1 and 8 have the same reference numerals. Cooling devices
100 and 102 are controlled by drive circuits 110 and 112, respectively, which in turn are controlled by control circuit 64.
The amount of controlled cooling is adjusted such that the maximum wall temperature of the arc tube 30 is maintained
below the softening temperature of the arc tube material. This softening temperature is defined as the temperature at
which a solid material starts losing its rigidity and starts transforming into a plastic or liquid state.

[0035] A lamp control routine in accordance with a further embodiment of the invention is illustrated in Fig. 9A. Lamp
cooling rate, lamp power, lamp voltage and lamp current are plotted as a function of time. As the lamp power increases
to upper power limit Py, n;, the RMS value of lamp current is maintained constant at a level |;,,,6. To prevent overheating
of the lamp and decreased lamp life, the cooling rate is increased. When the cooling rate is increased, the lamp voltage
drops and the lamp power thus drops, as shown in Fig. 9A.
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[0036] When the material used for arc tube 30 is quartz, the critical temperature is not to exceed the devitrification
point. This temperature is lower than the softening temperature and is the temperature at which quartz starts becoming
opaque and loses optical transmission, typically around 1000°C.

[0037] A flow chart of a lamp control process implemented by controller 54 in the embodiments of Figs. 8 and 9A is
shown in Fig. 9B. In step 200, the lamp current I;,,, is controlled at a constant RMS value. Initially, the lamp current may
be controlled at a nominal value. In step 202, the lamp power P,mp is compared with an upper power limit lep-hi and a
lower power limit P,mp-,o. If the lamp power is between the upper and lower power limits, lamp cooling by cooling devices
100 and 102 (Fig. 8) is maintained at its present value in step 204. If the lamp power PImp is determined in step 206 to
be less than or equal to the lower power limit P|mp-|o, the lamp cooling is decreased in step 208. If the lamp power PImp
is determined in step 210 to be equal to or greater than the upper power limit Py, ,-,;, @ determination is made in step
212 as to whether the lamp cooling is at maximum value. If the lamp cooling is not at maximum value, lamp cooling is
increased in step 214, by controlling cooling devices 100 and 102. If lamp cooling is determined in step 212 to be at
maximum value, the lamp current I|mp is decreased to a new RMS value in step 216. Following steps 204, 208, 214 and
216, the process returns to step 200 and the lamp current I|mp is maintained at a constant RMS value. The control
process shown in Fig. 9B and described above has a relatively slow time constant, since the lamp system is relatively
slow to react to changes in lamp cooling and lamp current.

[0038] Fig. 10 illustrates experimental graphs of the lamp voltage and lamp power versus time in accordance with the
prior art technique of constant power. As the lamp voltage increases or decreases with time, lamp power is maintained
constant near lamp nominal power (typically within 1-2%).

[0039] Fig. 11 illustrates experimental graphs of the lamp voltage and lamp power versus time in accordance with
embodiments of the invention. As the lamp voltage increases or decreases and lamp current RMS value is maintained
constant and, because the electrical power supplied to the lamp is substantially the product of RMS values of lamp
voltage V,mp and lamp current I|mp, lamp power increases or decreases accordingly. However, lamp power is not permitted
to drop below 120W (for a 150W nominal lamp power) or 80% of the rated lamp power.

[0040] Fig. 12 illustrates experimental graphs of the lamp voltage and lamp power versus time in accordance with
embodiments of the invention. As the lamp voltage increases with time and lamp current RMS value is maintained
constant and, because the electrical power supplied to the lamp is substantially the product of RMS values of lamp
voltage V,mp and lamp current I|mp, lamp power increases accordingly. However, lamp power is not permitted to exceed
180W (for a 150W nominal lamp power) or 120% of the rated lamp power.

[0041] Having thus described several aspects of at least one embodiment of this invention, it is to be appreciated
various alterations, modifications, and improvements will readily occur to those skilled in the art. Accordingly, the foregoing
description and drawings are by way of example only.

Claims

1. Amethod for operating a high pressure discharge lamp (10), comprising controlling an alternating lamp current (I;,5)
supplied to the lamp (10) at a constant RMS value;
computing the lamp power (P|mp) supplied to said lamp (10); and
adjusting the lamp current (I;,,) to anew RMS value to prevent power (P,,) supplied to the lamp (10) from exceeding
an upper power limit (P, ,);
characterized in that the method further comprises:

maintaining the lamp current (l;,,) constant at the new RMS value,
wherein the lamp power(P|mp) and the lamp voItage(V|mp) are allowed to change even if the lamp current (I|mp)
is maintained constant.

2. The method as defined in claim 1, wherein controlling the lamp current (I|mp) comprises sensing the lamp current
(Imp) @nd changing the lamp current (I, if the lamp current (1) differs from the constant RMS value.

3. The method as defined in claim 1, wherein adjusting the lamp current (I|mp) comprises sensing the lamp voltage
(Vimp) and controlling the lamp current (I;,,) in response to the sensed lamp voltage (Viq,).

4. The method as defined in claim 1, wherein adjusting the lamp current (I,mp) comprises changing the lamp current
(ljmp) in steps.

5. The method as defined in claim 1, wherein adjusting the lamp current (I|mp) comprises changing the lamp current
(Imp) in increments of about 1-2%.
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The method as defined in claim 1, wherein adjusting the alternating lamp current (I|mp) comprises changing the lamp
current (I|mp) continuously from the constant RMS value to the new RMS value.

The method as defined in claim 1, wherein the discharge lamp (10) has a rated power and wherein adjusting the
lamp current (I,,,) comprises changing the lamp current (;,,) to prevent the power (P,,;) supplied to the lamp (10)
from exceeding 120% of the rated power.

The method as defined in claim 1, further comprising adjusting the lamp current (I;,,,) to a new RMS value to prevent
the power (P|mp) supplied to the lamp (10) from decreasing below a lower power limit (PImp 1) @nd maintaining the
lamp current (I|mp) constant at the new RMS value.

The method as defined in claim 8, wherein the discharge lamp (10) has a rated power and wherein the upper power
limit (Py, n) @nd the lower power limit (P, o) are referenced to the rated power.

The method as defined in claim 1, wherein the discharge lamp (10) has a rated power, further comprising adjusting
the lamp current (I,mp) to a new RMS value to prevent the power (P|mp) supplied to the lamp (10) from decreasing
below 80% of the rated power and maintaining the lamp current (I,,,) constant at the new RMS value.

The method as defined in claim 1, wherein the discharge lamp (10) includes an arc tube (30) made of quartz and
wherein adjusting the lamp current (I,mp) comprises preventing the temperature of the arc tube (30) from exceeding
a devitrification point.

The method as defined in claim 1, comprising:

adjusting the lamp current (l;,,) to a new RMS value to maintain lamp power (P,,;) between an upper power
limit (Pyy,, 1) @and a lower power limit (P, |,) and maintaining the lamp current (I;,,,) constant at the new RMS
value.

A lamp system comprising:

a high pressure discharge lamp (10);

a power circuit (50) for supplying alternating lamp current (I,mp) to the lamp (10); and

a controller (54) configured to control the lamp current (I|mp) at a constant RMS value, to compute the lamp
power (Pjmp) supplied to said lamp (10) and to adjust the lamp current (l;,,,) to a new RMS value to prevent
power (P,) supplied to the lamp (10) from exceeding an upper power limit (P, n;);

characterized in that said controller (54) is further configured to maintain the lamp current (I,,,) constant at
the new RMS value and to allow the lamp power (P,,) and the lamp voltage (V) to change even if the lamp
current (l,,,) is maintained constant.

The lamp system as defined in claim 13, wherein the controller (54) comprises a current sensing circuit (60) for
sensing the lamp current (l;,,) and a control circuit (64) for controlling the lamp current (I,,,) in response to the
sensed lamp current.

The lamp system as defined in claim 13, wherein the controller (54) comprises a voltage sensing circuit (62) for
sensing the lamp voltage (V|mp) and a control circuit (64) for controlling the lamp current (I|mp) in response to the
sensed lamp voltage (V).

The lamp system as defined in claim 13, wherein the controller (54) comprises a voltage sensing circuit (62) for
sensing the lamp voltage (V|nm,,) and a control circuit (64) for increasing the lamp current (1) to a new RMS value
in response to a prescribed value of lamp voltage (V).

The lamp system as defined in claim 13, wherein the controller (54) comprises a current sensing circuit (60) for
sensing the lamp current (I,,), a voltage sensing circuit (62) for sensing the lamp voltage (V) and a control circuit
(64) configured to compute lamp power (Pj,;) from the sensed lamp current (I;,,;) and the sensed lamp voltage
(Vimp), and to adjust lamp current (I;,,) in response to the computed lamp power (Pjm).

The lamp system as defined in claim 13, wherein the controller (54) is configured to adjust the lamp current (I|mp)
in steps.
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The lamp system as defined in claim 13, wherein the controller (54) is configured to adjust the lamp current (Ijy,,)
in increments of about 1-2% of the lamp current (I|mp).

The lamp system as defined in claim 13, wherein the controller (54) is configured to adjust the lamp current (I|mp)
continuously from the constant RMS value to the new RMS value.

The lamp system as defined in claim 13, wherein the discharge lamp (10) has a rated power and wherein the
controller (54) is configured to adjust the lamp current (I|mp) to prevent the power (P|mp) supplied to the lamp (10)
from exceeding 120% of the rated power.

The lamp system as defined in claim 13, wherein the controller (54) is configured to adjust the lamp current (Iy,,)
to prevent the power (Py,,) supplied to the lamp (10) from decreasing below a lower power limit (P io)-

The lamp system as defined in claim 13, wherein the discharge lamp (10) has a rated power and wherein the
controller (54) is configured to adjust the lamp current (I|mp) to prevent the power (P|mp) supplied to the lamp (10)
from decreasing below 80% of the rated power.

The lamp system as defined in claim 13, wherein the discharge lamp (10) includes an arc tube (30) made of quartz
and wherein the controller (54) is configured to adjust the lamp current (I;,;) to prevent the temperature of the arc
tube (30) from exceeding a devitrification point.

Patentanspriiche

1.

Ein Verfahren zum Betreiben einer Hochdruckentladungslampe (10), das Folgendes umfasst

Steuern eines Lampenwechselstromes (I|mp), derderLampe (10) bei einem konstanten RMS-Wert bereitgestellt wird;
Ermitteln der Lampenleistung (P|mp), die der Lampe (10) bereitgestellt wird; und Einstellen des Lampenstromes
(Imp) auf einen neuen RMS-Wert, um zu verhindern, dass eine der Lampe (10) bereitgestellte Leistung (P ;) eine
obere Grenzleistung (P, 1)) Uberschreitet;

dadurch gekennzeichnet, dass das Verfahren weiter Folgendes umfasst:

Aufrechterhalten des Lampenstromes (I,mp) konstant auf dem neuen RMS-Wert, wobei zugelassen wird, dass
die Lampenleistung (P|mp) und die Lampenspannung (V|mp) sich selbst andern, wahrend der Lampenstrom
(Imp) konstant gehalten wird.

Verfahren nach Anspruch 1, wobei das Steuern des Lampenstromes (I;,,) ein Erfassen des Lampenstromes (I,
und ein Andern des Lampenstromes (Iimp) umfasst, wenn der Lampenstrom (l;,,) sich von dem konstanten RMS-
Wert unterscheidet.

Verfahren nach Anspruch 1, wobei das Einstellen des Lampenstromes (I|mp) ein Erfassen der Lampenspannung
(Vimp) und ein Steuern des Lampenstromes (1) umfasst, und zwar als Antwort auf eine erfasste Lampenspannung

(Vimp)-

Verfahren nach Anspruch 1, wobei das Einstellen des Lampenstroms (l;,,,) ein Andern des Lampenstroms (limp) In
Schritten umfasst.

Verfahren nach Anspruch 1, wobei das Einstellen des Lampenstroms (l;,,,) ein Andern des Lampenstroms (limp) In
Schritten von ungefahr 1-2 % umfasst.

Verfahren nach Anspruch 1, wobei das Einstellen des Lampenwechselstromes (I,mp) ein Andern des Lampenstromes
(Imp) in kontinuierlicher Weise von einem konstanten RMS-Wert zu einem neuen RMS-Wert umfasst.

Verfahren nach Anspruch 1, wobei die Entladungslampe (10) eine Nennleistung aufweist und wobei das Einstellen
des Lampenstroms (l;,) ein Andern des Lampenstroms (Iimp) umfasst, um zu verhindern, dass die der Lampe (10)
bereitgestellte Leistung (P},,) mehr als 120 % der Nennleistung betragt.

Verfahren nach Anspruch 1, weiter umfassend ein Einstellen des Lampenstromes (I|mp) auf einen neuen RMS-Wert,
um zu verhindern, dass die der Lampe (10) bereitgestellte Leistung (P|mp) unterhalb einer unteren Leistungsgrenze
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(Pimp 10) féllt und ein Aufrechterhalten des konstanten Lampenstromes (I;,,) auf dem neuen RMS-Wert umfasst.

Verfahren nach Anspruch 8, wobei die Entladungslampe (10) eine Nennleistung aufweist, und wobei die obere
Leistungsgrenze (P|mp hi) und die untere Leistungsgrenze (P|mp 1o) sich auf die Nennleistung beziehen.

Verfahren nach Anspruch 1, wobei die Entladungslampe (10) eine Nennleistung aufweist, und das Verfahren weiter
umfasst: ein Einstellen des Lampenstromes (I,mp) auf einen neuen RMS-Wert, um zu verhindern, dass die der
Lampe (10) bereitgestellte Leistung (P|mp) unter 80 % der Nennleistung fallt, und ein Aufrechterhalten des Lampen-
strom (l;p) konstant auf dem neuen RMS-Wert.

Verfahren nach Anspruch 1, wobei die Entladungslampe (10) eine Bogenentladungréhre (30) aus einem Quarz
umfasst, und wobei das Einstellen des Lampenstromes (I,mp) weiter ein Absichern umfasst, dass die Temperatur
der Bogenentladungsréhre (30) einen Entglasungspunkt Gberschreitet.

Verfahren nach Anspruch 1, weiter umfassend:

ein Einstellen des Lampenstromes (l,,,) auf einen neuen RMS-Wert, um die Lampenleistung (P,,,,) zwischen
einer oberen Grenzleistung (P, ) und einer untere Grenzleistung (P, 1) zu halten, und ein Aufrechterhalten
des Lampenstromes (1) konstant auf dem neuen RMS-Wert.

Lampensystem umfassend:

eine Hochdruckentladungslampe (10);

eine Versorgungsschaltung (15) zum Bereitstellen eines Lampenwechselstromes (1) fiir die Lampe (10); und
einen Controller (54), der ausgebildet ist, um den Lampenstrom (l,,) auf einem konstanten RMS-Wert zu
halten, die der Lampe (10) bereitgestellte Lampenleistung (P|mp) zu ermitteln und den Lampenstrom (I|mp) auf
einen neuen RMS-Wert einzustellen, um zu verhindern, dass eine der Lampe (10) bereitgestellte Leistung (P,mp)
eine oberen Grenzleistung (P, 1) Uberschreitet;

dadurch gekennzeichnet, dass

der Controller (54) weiterhin ausgebildet ist, um den Lampenstrom (l,;) konstant auf dem neuen RMS-Wert
zu halten, und um eine Anderung der Lampenleistung (P ;) und der Lampenspannung (V) zu erlauben,
selbst wenn der Lampenstrom (l;,,) konstant gehalten wird.

Lampensystem nach Anspruch 13, wobei der Controller (54) eine Strommessschaltung (60) zum Erfassen des
Lampenstroms (1;,,) aufweist und eine Steuerschaltung (64) umfasst, um den Lampenstrom (1) in Antwort auf
den erfassten Lampenstrom zu steuern.

Lampensystem nach Anspruch 13, wobei der Controller (54) eine Spannungsmessschaltung (62) aufweist, um die
Lampenspannung (Vy,,) zu messen, und eine Controlschaltung (64) aufweist, um den Lampenstrom (l;,,,) in Antwort
auf die gemessene Lampenspannung (V|m) zu steuern.

Lampensystem nach Anspruch 13, wobei der Controller (54) eine Spannungsmessschaltung (62) zum Messen der
Lampenspannung (V) aufweist und eine Steuerschaltung (64) aufweist, um den Lampenstrom (I;,,) als Antwort
auf einen vorgeschriebenen Wert der Lampenspannung (V) auf einen neuen RMS-Wert zu erhdhen.

Lampensystem nach Anspruch 13, wobei der Controller (54) eine Strommessschaltung (60) zum Messen des
Lampenstromes (I;,,) aufweist, eine Spannungsmessschaltung (62) zum Messen der Lampenspannung (Vi)
aufweist und eine Steuerschaltung (64) aufweist, die ausgebildet ist, um die Lampenleistung (P,,;) von dem ge-
messenen Lampenstrom (l;,,) und der gemessenen Lampenspannung (V) zu ermitteln und den Lampenstrom
(I|mp) in Antwort auf die ermittelte Lampenleistung (P|mp) einzustellen.

Lampensystem nach Anspruch 13, wobei der Controller (54) ausgebildet ist, um den Lampenstrom (1) schrittweise
einzustellen.

Lampensystem nach Anspruch 13, wobei der Controller (54) ausgebildet ist, um den Lampenstrom (l;,,) schrittweise
in Schritten von ungefahr 1-2 % des Lampenstromes (I|mp) einzustellen.

Lampensystem nach Anspruch 13, wobei der Controller ausgebildet ist, um den Lampenstrom (I|mp) kontinuierlich
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von dem konstanten RMS-Wert zu einem neuen RMS-Wert einzustellen.

Lampensystem nach Anspruch 13, wobei die Entladungslampe (10) eine Nennleistung aufweist, und wobei der
Controller (54) ausgebildet ist, um den Lampenstrom (I|mp) so einzustellen, dass die Leistung (P|mp), die der Lampe
(10) bereit gestellt wird, nicht 120 % der Nennleistung uUberschreitet.

Lampensystem nach Anspruch 13, wobei der Controller (54) ausgebildet ist, um zu verhindern, dass der Lampen-
strom (I|mp) derart gedndert wird, dass die Leistung (P|mp) die der Lampe (10) bereitgestellt wird, unterhalb einer
unteren Leistungsgrenze (Pyyp0) fallt.

Lampensystem nach Anspruch 13, wobei die Entladungslampe (10) eine Nennleistung aufweist, und wobei der
Controller (54) ausgebildetist, um zu verhindern, dass der Lampenstrom (l,,) derart geéndert wird, dass die Leistung
(Pimp), die der Lampe (10) bereitgestellt wird, unterhalb von 80 % der Nennleistung fallt.

Lampensystem nach Anspruch 13, wobei die Entladungslampe (10) eine Bogenentladungsréhre (30) aus Quarz
aufweist, und wobei der Controller (54) ausgebildet ist, um den Lampenstrom (I|mp) derart zu andern, dass die
Temperatur der Bogenentladungsréhre (30) nicht den Entglasungspunkt Uiberschreitet.

Revendications

Procédé de mise en oeuvre d’une lampe a décharge haute pression (10), consistant a : commander un courant
alternatif de lampe (l;,,) délivré a la lampe (10) a une valeur efficace constante ;

calculer la puissance de lampe (P,,) délivrée a ladite lampe (10) ; et

ajuster le courant de lampe (l;,;) @ une nouvelle valeur efficace pour éviter que la puissance (Py) délivrée a la
lampe (10) ne dépasse une limite de puissance supérieure (P|mp hi)

caractérisé en ce que le procédé consiste en outre a :

maintenir le courant de lampe (1;,,,) constant a la nouvelle valeur efficace,
dans lequel la puissance de lampe (P,,) et la tension de lampe (V) sont autorisées a varier méme si le
courant de lampe (lj,,) est maintenu constant.

Procédé selon la revendication 1, dans lequel la commande du courant de lampe (I;,,) comprend la détection du
courant de lampe (l;,5) et la modification du courant de lampe (1) si le courant de lampe (l;,,) différe de la valeur
efficace constante.

Procédeé selon la revendication 1, dans lequel I'ajustement du courant de lampe (I;,,,) comprend la détection de la
tension de lampe (V|mp) etlacommande du courantde lampe (I|mp) enréponse a la tension de lampe (V|mp) détectée.

Procedé selon la revendication 1, dans lequel I'ajustement du courant de lampe (l,,) comprend la modification du
courant de lampe (I|mp) par pas.

Procédeé selon la revendication 1, dans lequel I'ajustement du courant de lampe (l;,,) comprend la modification du
courant de lampe (I|mp) par incréments d’environ 1 a 2 %.

Procedé selon la revendication 1, dans lequel I'ajustement du courant alternatif de lampe (1) comprend la modi-
fication du courant de lampe (l;,,) continment de la valeur efficace constante a la nouvelle valeur efficace.

Procédé selon la revendication 1, dans lequel la lampe a décharge (10) a une puissance nominale, et dans lequel
I'ajustement du courant de lampe (I,mp) comprend la modification du courant de lampe (I,mp) pour éviter que la
puissance (P|mp) délivrée a la lampe (10) ne dépasse 120 % de la puissance nominale.

Procédé selon la revendication 1, comprenant en outre I'ajustement du courant de lampe (I|mp) aune nouvelle valeur
efficace pour éviter que la puissance (P,mp) délivrée alalampe (10) ne diminue au-dessous d’une limite de puissance

inférieure (P o) €t le maintien du courant de lampe (1) constant a la nouvelle valeur efficace.

Procédé selon la revendication 8, dans lequel la lampe a décharge (10) a une puissance nominale, et dans lequel
la limite de puissance supérieure (P, ;) et la limite de puissance inférieure (P, ) sont référencées a la puissance
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nominale.

Procédé selon la revendication 1, dans lequel la lampe a décharge (10) a une puissance nominale, comprenant en
outre I'ajustement du courant de lampe (I|mp) a une nouvelle valeur efficace pour éviter que la puissance (P|mp)
délivrée a la lampe (10) ne diminue au-dessous de 80 % de la puissance nominale et le maintien du courant de
lampe (l;,,) constant a la nouvelle valeur efficace.

Procédé selon la revendication 1, dans lequel la lampe a décharge (10) comprend un tube a arc (30) réalisé en
quartz, et dans lequel I'ajustement du courant de lampe (I|mp) consiste a éviter que la température du tube a arc
(30) ne dépasse un point de dévitrification.

Procédé selon la revendication 1, consistant a :

ajuster le courant de lampe (l,,,) & une nouvelle valeur efficace pour maintenir la puissance de lampe (P,,)
entre une limite de puissance supérieure (P, ,;) et une limite de puissance inférieure (P, o) et maintenir le
courant de lampe (I|mp) constant a la nouvelle valeur efficace.

Systéme de lampe comprenant :

une lampe a décharge haute pression (10) ;

un circuit de puissance (50) pour délivrer un courant alternatif de lampe (I|mp) a la lampe (10) ; et

un controleur (54) configuré pour commander le courant de lampe (ly,,) @ une valeur efficace constante, pour
calculer la puissance de lampe (P,,) délivrée a ladite lampe (10) et pour ajuster le courant de lampe (lj,,) &
une nouvelle valeur efficace pour éviter que la puissance (P|mp) délivrée a la lampe (10) ne dépasse une limite
de puissance supérieure (Pmp 1)) ;

caractérisé en ce que ledit contréleur (54) est en outre configuré pour maintenir le courant de lampe (I,mp)
constant a la nouvelle valeur efficace et pour permettre que la puissance de lampe (P, et la tension de lampe
(Vimp) varient méme si le courant de lampe (l;,,) est maintenu constant.

Systéeme de lampe selon la revendication 13, dans lequel le contréleur (54) comprend un circuit de détection de
courant (60) pour détecter le courant de lampe (I;,,) et un circuit de commande (64) pour commander le courant
de lampe (I|mp) en réponse au courant de lampe détecté.

Systeme de lampe selon la revendication 13, dans lequel le contréleur (54) comprend un circuit de détection de
tension (62) pour détecter la tension de lampe (V) et un circuit de commande (64) pour commander le courant
de lampe (l;mp) en réponse a la tension de lampe détectée (V).

Systéme de lampe selon la revendication 13, dans lequel le contrdleur (54) comprend un circuit de détection de
tension (62) pour détecter la tension de lampe (V|mp) et un circuit de commande (64) pour augmenter le courant de
lampe (lj,p) @ une nouvelle valeur efficace en réponse a une valeur prescrite de tension de lampe (V).

Systéeme de lampe selon la revendication 13, dans lequel le contréleur (54) comprend un circuit de détection de
courant (60) pour détecter le courant de lampe (I,,,), un circuit de détection de tension (62) pour détecter la tension
de lampe (V|mp) et un circuit de commande (64) configuré pour calculer la puissance de lampe (P|mp) a partir du
courant de lampe (I|mp) détecté et de la tension de lampe (V,mp) détectée, et pour ajuster le courant de lampe (I,mp)
en réponse a la puissance de lampe (P|mp) calculée.

Systéme de lampe selon la revendication 13, dans lequel le contréleur (54) est configuré pour ajuster le courant de
lampe (l;mp) par pas.

Systéme de lampe selon la revendication 13, dans lequel le contrdleur (54) est configuré pour ajuster le courant de
lampe (lj,p) par incréments d’environ 1 a 2 % du courant de lampe (1)

Systéeme de lampe selon la revendication 13, dans lequel le contréleur (54) est configuré pour ajuster le courant de
lampe (l;mp) contindment de la valeur efficace constante a la nouvelle valeur efficace.

Systéme de lampe selon la revendication 13, dans lequel la lampe a décharge (10) a une puissance nominale, et
dans lequel le controleur (54) est configuré pour ajuster le courant de lampe (Iy,,) pour éviter que la puissance

11
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(Pimp) délivrée a la lampe (10) ne dépasse 120 % de la puissance nominale.

Systéme de lampe selon la revendication 13, dans lequel le contréleur (54) est configuré pour ajuster le courant de
lampe (I|mp) pour éviter que la puissance (P|mp) délivrée a la lampe (10) ne diminue au-dessous d’une limite de
puissance inférieure (P, o).

Systéme de lampe selon la revendication 13, dans lequel la lampe a décharge (10) a une puissance nominale, et
dans lequel le contrdleur (54) est configuré pour ajuster le courant de lampe (I,mp) pour éviter que la puissance
(P|mp) délivrée a la lampe (10) ne diminue au-dessous de 80 % de la puissance nominale.

Systéeme de lampe selon la revendication 13, dans lequel la lampe a décharge (10) comprend un tube a arc (30)

réalisé en quartz, et dans lequel le contréleur (54) est configuré pour ajuster le courant de lampe (1) pour éviter
que la température du tube a arc (30) ne dépasse un point de dévitrification.

12
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