72858 A2 | IV 0 00 0O O 0O

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

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
13 July 2006 (13.07.2006)

2| ) R
2} |0 O 0 OO OO0 A

(10) International Publication Number

WO 2006/072858 A2

(51) International Patent Classification: Not classified

(21) International Application Number:
PCT/IB2005/054369

(22) International Filing Date:
21 December 2005 (21.12.2005)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:

05100004.0 3 January 2005 (03.01.2005) EP

(71) Applicant (for DE only): PHILIPS INTELLECTUAL
PROPERTY & STANDARDS GMBH [DE/DE]; Stein-
damm 94, 20099 Hamburg (DE).

(71) Applicant (for AE, AG, AL, AM, AT, AU, AZ, BA, BB, BE,
BF, BG, BJ, BR, BW, BY, BZ, CA, CF, CG, CH, CI, CM, CN,
CO, CR, CU, CY, CZ, DK, DM, DZ, EC, EE, EG, ES, FI,
FR, GA, GB, GD, GE, GH, GM, GN, GO, GR, GW, HR, HU,
ID, IE, IL, IN, IS, IT, JP, KE, KG, KM, KN, KP, KR, KZ, LC,
LK, LR, LS, LT, LU, LV, LY, MA, MC, MD, MG, MK, ML,
MN, MR, MW, MX, MZ, NA, NE, NG, NI, NL, NO, NZ, OM,
PG, PH, PL, PT, RO, RU, SC, SD only): KONINKLIJKE

PHILIPS ELECTRONICS N. V. [NL/NL]; Groenewoud-
seweg 1, NL-5621 BA Eindhoven (NL).

(72) Inventor; and

(75) Inventor/Applicant (for US only): POLLMANN-
RETSCH, Jens [DE/DE]; c/o Philips Intellectual Property
& Standards Gmbh, Weisshausstr. 2, 52066 Aachen (DE).

Agent: VOLMER, Georg; Philips Intellectual Property &
Standards GmbH, Weisshausstr. 2, 52066 Aachen (DE).

(74)

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KM, KN, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV,
LY, MA, MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI,
NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG,
SK, SL, SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US,
UZ, VC, VN, YU, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARTPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, 7ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),

European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,

[Continued on next page]

(54) Title: LIGHTING ASSEMBLY AND METHOD OF OPERATING A DISCHARGE LAMP

a=power/W
A
670+ °° ° o
o
650
630 W
A
610 T
AAA
590

o =d/mm
A

A -+ 1.85

-+ 1.8

T1.75

o
° -~ 1.65

4950 4955 49.60 49.65 49.70

»
>

time/h

(57) Abstract: A lighting assembly, a driver circuit, and a method of operating a discharge lamp are described. A discharge lamp
& (10) comprises a discharge vessel (14) with at least two electrodes (16) arranged at a distance d for generating an arc between the
B electrode (16). Driver electronics (32) operate the lamp (10) with electrical power. In order to reduce electrode burn-back, the driver
& electronics operate the lamp according to a switch-off sequence, which includes a power ramp interval (24) where the lamp (10) is
& operated with increasing electrical power over time, and subsequently the lamp (10) is switched-off. Also, the driver electronics (32)
operate the lamp according to a turn-on sequence upon turning on the lamp (10) with a first turn-on interval (20), where the lamp is
operated with electrical power increasing up to an initial maximum power value, and a power ramp interval (22) during which the
lamp is operated with electrical power increasing over time from the initial maximum power value to nominal power Py. The initial
maximum power value is less than the nominal power value of the lamp.
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Lighting assembly and method of operating a discharge lamp

The invention relates to a lighting assembly comprising a discharge
lamp, a driver circuit and to a method of operating a discharge lamp.

A wide variety of discharge lamps is known, which comprise a discharge
vessel with at least two electrodes arranged at a distance. In these lamps, an arc is gen-
erated between these electrodes.

The invention especially relates to HID (high intensity discharge) lamps.
Known types of HID lamps have different fillings in the discharge vessel, with con-
stituents selected e.g. from mercury (Hg), a noble gas, especially Xenon (Xe), and
metal halides. Known lamp types further differ by their geometry, especially the dis-
tance between the electrodes. Here, short-arc lamps have an electrode distance of less

than 2.5 mm.

Short-arc lamps with high power density include UHP (ultra high per-
formance) and CPL (compact power light) lamps. US-A-5 109 181 describes a high-
pressure mercury vapor discharge lamps of this type. The electrodes are made of tung-
sten. The filling in the discharge vessel comprises mercury in such a quantity that the
operating pressure is above 200 bar. This type of lamp operates at a nominal power of
30-50 W. Today, UHP lamps of corresponding type are available with a nominal power
of up to 300 W.

A problem associated with discharge lamps in general, and due to in-
creased power density especially with short-arc HID lamps, in particular UHP and CPL
lamps, is electrode burn-back. During operation of the lamps, the electrode distance
increases. Especially in applications where a point light source is required, like projec-
tion applications, this leads to loss of light flux. Thus, electrode burn-back is responsi-

ble for losses in maintenance of discharge lamps.
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Numerous attempts have been made to reduce electrode burn-back, in-

cluding electrode cooling and careful selection of electrode material.

It is the object of the present invention to provide a lighting assembly
including a discharge lamp, a driver circuit, and a method of operating such a discharge
lamp where electrode burn-back is reduced.

This object is solved according to the invention on one hand by a light-
ing assembly according to claim 1, a driver circuit according to claim 12, and a method
of operating a discharge lamp according to claim 15 (switch-off sequence). On the other
hand, the object is solved by a lighting assembly according to claim 8, a driver circuit
according to claim13, and a method of operating a discharge lamp according to claim
16 (turn-on sequence), as well as by combination of the two. Dependent claims refer to
preferred embodiments.

The invention is based on the discovery of a surprising effect. The inven-
tor has observed that discharge lamps which are operated with a power ramp, 1. e.
where in a time interval the lamp is operated with its electrical power increasing over
time, the electrode distance decreases. This surprising effect may be utilized to limit
electrode burn-back by operating a discharge lamp according to special sequences.

According to a first solution of the above given object, driving means are
provided for operating the discharge lamp with electrical power. These driving means
correspond to an electrical driver circuit which controls current, voltage and/or electri-
cal power supplied to the discharge lamp. The lamp may be connected to the driver
circuit at a lamp terminal.

According to the invention, the driving means are operated such that
before switching off the lamp, it is operated according to a switch-off sequence. This
switch-off sequence includes a power ramp interval, i. . a time interval where the lamp
is operated with increasing electrical power over time. While the term "ramp” is used
here, this is not intended to limit the actual shape of the power curve over time. Gener-
ally, it is only required for this power curve to be increasing from a lower value at the
start of the power ramp interval to a higher value at the end of it. Within the interval, it

is preferred for the ramp to be monotonically increasing. In a preferred embodiment, the
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power ramp is indeed at least substantially linear.

Due to the surprising effect discovered, operation of the lamp with in-
creasing electrical power over time during the power ramp interval will lead to a de-
creasing electrode distance. This effect is preserved if the lamp is switched off after the
power ramp interval. While it may be possible to operate the lamp further at the in-
creased power value reached at the end of the power ramp interval, it is preferred to
switch-off the lamp directly after the power ramp interval.

The assembly and method according to the invention help to effectively
limit, and even reverse, electrode burn-back. The method may easily be implemented in
already existing driver circuits for discharge lamps.

As experiments have shown, the desired effect of reducing electrode dis-
tance by using a power ramp can be achieved by a wide variety of different implemen-
tations. The power ramp interval may have a duration in the range of 5 s to 30 min.
Preferably, the duration will be 30 s to 15 min, most preferably 1 min to 10 min. Within
the power ramp interval, the electrical power may be increased by 0.1% to 50% of the
nominal power of the lamp. Preferably, the increase is within 0.2% to 20% of the nomi-
nal power. In a most preferred embodiment, the increase is in the range from 1% to
10% of the nominal power. The increase of electrical power per unit time during the
power ramp interval may be given in relation to the nominal power of the lamp. The
possible range of values is quite broad. The overall increase — regardless of the question
if the curve is linear, as preferred, or not — may be in the range of 5%10°% to 10% of
the nominal power per second. More preferably, the increase is 2¥10™%/s to 0.7%/s.
Most preferred is an increase of 1*¥107°%/s to 0.1%/s. Of course, it has to be ensured
that the increased power does not damage the lamp. Thus, corresponding measures, €.
g. special cooling, may be needed in some applications.

According to a development of the invention, input means are provided
to initiate the switch-off sequence. These may correspond to a lamp switch or "off"-key,
which is used by an operator to turn off the assembly. However, upon activation of this
input means, the lamp is not instantaneously switched off, but instead the switch-off
sequence according to the invention is initiated. Means may be provided to inform the
operator that the switch-off sequence was initiated, €. g. an optical display. According

to a further development, shutter means may be provided which block light emitted
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from the discharge lamp. A corresponding shutter is activated after initiation of the
switch-off sequence, or during the sequence. This serves to prevent the assembly from
further emitting light, so that for the operator the assembly has been switched-off, al-
though

— internally — the assembly will still complete the switch-off sequence.

It is possible to provide the driving means with a fixed power ramp, thus
specifying the duration of the power ramp interval and the curve of power supplied to
the lamp during the interval. Such fixed power ramps may be determined in advance for
the lamp type used.

However, according to a further development of the invention, the power
ramp interval is not fixed. Instead, during the power ramp interval the electrical power
is gradually increased according to a predetermined curve, which is preferably linear
with a predetermined inclination. At the same time, the voltage applied to the lamp is
measured. Since the voltage is dependent on electrode distance, the voltage will de-
crease. Increase of the electrical power during the power ramp interval is now contin-
ued until the voltage has dropped to a predetermined value, which indicates that a de-
sired electrode distance is reached. The predetermined voltage value may be the nomi-
nal voltage for a new lamp, or it may be another, slightly higher voltage value that ac-
counts for the already elapsed total burning hours (lifetime) of the lamp. In this imple-
mentation, preferably a maximum duration of the power ramp interval is given, so that
after the maximum duration the switch-off sequence is completed, even if the predeter-
mined value could not be reached. The maximum duration may be chosen e.g. in the
rage of 5 s to 30 min, preferably from 1 min to 10 min.

As a second solution to the object of the invention, a turn-on sequence is
proposed. The driving means operate the lamp in a first turn-on interval with increasing
electrical power, but only up to an initial maximum power value. This initial maximum
power value is less than the nominal power of the lamp.

Then, during a power ramp interval, the lamp is operated with increasing
electrical power over time. The electrical power increases from the initial maximum
power value to nominal power. During this power ramp interval, which is initiated at a
time where the lamp has reached initial stable operating conditions, the effect of reduc-

tion of electrode distance is achieved.



10

15

20

25

30

WO 2006/072858 PCT/IB2005/054369

The first turn-on interval may have a duration of 10 s to 15 min. The
duration is preferably 30 s to 10 min. Most preferred is a first turn-on interval duration
in the range of 1 min to 5 min.

The initial maximum power value may be chosen to be in the range of
50% to 99% of the nominal power of the lamp. Preferably, it is within the range of 60%
to 90% of the nominal power, and most preferably 65% to 80%. The duration of the
power ramp interval may be 1 s to 1 min, preferably 5 s to 30 s, most preferably, the
duration will be 10 s to 15 s. The increase of electrical power per unit time during the
power ramp interval may be given in relation to the nominal power of the lamp. The
possible range of values is quite broad. The overall increase — regardless of the question
if the curve is linear, as preferred, or not — may be 1%¥107%% to 50% of the nominal
power per second. More preferably, the increase is 0.3%/s to 8%/s. Most preferred is an
increase of 1%/s to 3.5%/s.

Generally, the invention is not limited to a specific type of the lamp.
However, the underlying effect may be more or less noticeable in different lamp types.
The most preferred lamp types for the assembly and the method according to the inven-
tion are HID (high intensity discharge) lamps. The effect will be most noticeable for
short-arc lamps, where the electrode distance is less than 3.5 mm, preferably less than
2.5 mm. Especially high-pressure mercury vapor discharge lamps with a Hg operating
pressure of greater than 100 bar, preferably above 150 bar, most preferably above 200
bar have shown a significant reduction of electrode distance if driven with power
ramps. The effect is most noticeable at high power densities, 1. €. nominal electrical

power of 250 W or more per mm of arc length, preferably more than 300 W per mm.

In the following, embodiments of the present invention are described
with regard to the figures, where

fig. 1 isaside view of a discharge lamp;

fig. 2 1is an enlarged side view of a discharge vessel from the discharge

lamp of fig. 1;

fig. 3 is a symbolical representation of a lighting assembly;

fig. 4  is a diagram showing the decrease of electrode distance with
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increasing lamp power;

fig. 5 is adiagram showing a power ramp and corresponding decreas-
ing lamp voltage;

fig. 6 shows a diagram where electrical power during a turn-on se-
quence is shown;

fig. 7 shows a diagram where electrical power during a switch-off se-

quence is shown.

Fig. 1 shows, as an example of a HID lamp, an UHP lamp 10. A quartz
bulb 12 surrounds a discharge vessel 14 of generally rotational symmetric shape. The
outer diameter of the bulb is 10.2 mm; the inner diameter is 5 mm. Inside the discharge
vessel 14, which is also shown in fig. 2, electrodes 16 are arranged. Discharge vessel 14
is sealed from the outside. Electrodes 16 are electrically contacted via Mo foils 18 to
external connectors.

The electrodes, which are shown in fig. 2 only as an illustrative example
without exact scale, have a diameter of 900 um. They comprise tungsten rods with coils
of tungsten filament around the rods. Each coil comprises 16 inner windings and 14
outer windings, with a filament diameter of 175 um.

The electrode distance d shown in the example is 1.5 mm.

The filling of discharge vessel 14 comprises 30 mg of mercury, 35 nmol
of bromine and 200 mbar of argon. The operating pressure inside discharge vessel 14 is
220 bar.

This configuration leads to electrical properties of lamp 10, where the
nominal power is 450 W, with a nominal voltage of 105 V and a nominal current of 4.3
A.

It should be noted that this lamp is presented here only as an example of
a lamp, where the surprising effect of decreasing electrode distance during power ramps
has been observed. Of course, the lamp design may vary significantly. For example, in
a lamp of the above described type the overall size of the discharge vessel may vary
with an outer diameter between 9 and 12 mm, and variable inner diameter accordingly.

The filling may comprise different amounts of mercury, €. g. 10-48 mg Hg. The diame-
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ter of the electrode rod may vary e. g. between 300 and 900 um, and the electrode dis-
tance may vary between 0,7 and 1,8 mm.

For a lamp of the above described type, the electrode distance was exam-
ined. During operation of the lamp, images of the electrodes and the arc between the
electrodes were recorded, and the electrode distance (arc length) was measured.

As can be seen in fig. 4, the operating power of the lamp was changed
after some time of stable operation at 600 W to 675 W during a time interval of 12 min.
Images of the electrodes were recorded and electrode distance measured.

As shown in fig. 4, as the power (shown in triangles) was increased, the
electrode distance (shown in circles) decreased significantly. A power increase of about
13% led to a surprising decrease of electrode distance by almost 250 um, i. e. almost
15%.

This behavior is surprising. Usually, in HID-lamps, especially of the
short-arc type, electrode melting or burn-back during high power operation would have
been expected, leading to increased electrode distance.

This change in electrode distance, and therefore arc-length, may not only
be observed directly, but also indirectly by recording the burning voltage of the lamp.

Fig. 5 shows a variation of power for a UHP-type lamp with nominal
power of 700 W. In a 15 min time interval the lamp power is increased by 100 W to 800
W. The lamp power in fig. 5 is shown as a dotted line.

During this time, the lamp voltage, shown in fig. 5 as a dashed line,
dropped from 135 to about 110 Volt (i. . 19%).

Since it is known, that arc length d and burning voltage of a discharge
lamp are dependent on each other, this indicates a decreasing electrode distance.

However, as experiments have shown, the effect is reversible, i. e. a de-
crease in lamp power over time leads to an increase in electrode distance which corre-
sponds to the decrease observed with an increasing ramp.

Although the power ramps shown in fig. 4, fig. 5 were carried out on the
scale of minutes, similar effects may be observed on much shorter time scales. As ex-
periments have shown, even changes by about 100 W in only a few seconds led to a
behavior of the arc length as described above. A reversal of the power change again

yielded a reversal of the change in arc length. The physical reason for the described
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effect is not clear yet.

In order to put the observed effect to good use, it is proposed to employ
power ramps in the operation of discharge lamps, which lead to the observed changes in
electrode distance.

As a first proposal, switching on of a discharge lamp may be effected
according to a controlled switch-on sequence.

Fig. 6 shows in diagram form a proposed switch-on sequence with a
curve indicating the variation of electrical power P over time t.

For a discharge lamp with nominal power PN, first the lamp current is
limited to a predetermined value, such that the lamp reaches an operating power which
is less than the nominal power PN. In the example of fig. 6, this initial maximum power
value corresponds to 80% of nominal power PN. During a time period which will be
referred to as first turn-on interval 20, the lamp power is controlled at the initial maxi-
mum power value of 0.8 PN. The first turn-on interval lasts until the lamp has reached
stable operation. Total duration of interval 20 may therefore be 10 s to 15 min, prefera-
bly 1 min to 5 min.

After the first turn-on interval is completed, operation of the lamp is con-
trolled according to a power ramp interval 22, during which the power of the lamp is
raised from the initial maximum power value of 0.8 PN in the example to full nominal
power PN.

In contrast to an unlimited turn-on current value, which leads to a very
quick run-up of the lamp and may cause severe electrode burn-back, the proposed turn-
on sequence serves to reduce the burning voltage of the lamp, and therefore the elec-
trode distance.

For example, we consider an UHP lamp with a nominal power of 350W.
After switching on the lamp, the current is limited to 3.2 A until a power of 300W is
reached. The lamp is driven with 300W for 2.5 to 5 min. After that, the current is no
longer limited, and the lamp power is raised within a short time interval of several sec-
onds to the nominal power of 350W. As experiments has shown, the turn-on sequence
as described above reduces burning voltage (and electrode distance) by 5-8 % during
the power ramp interval 22.

Fig. 7 shows a proposed switch-off sequence. Again, power P of a dis-
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charge lamp is shown over time t.

After the lamp has been operated at nominal power Py for some time, a
switch-off command is received at a time tor. Instead of turning off the lamp immedi-
ately, a switch-off sequence is initiated, which includes a power ramp interval 24 and
subsequent instantaneous switching off of the lamp. During the power ramp interval 24,
the operating power P is increased up to a value Ppx.

Operating the lamp with increasing power over time during power ramp
interval 24 leads to a significant decrease in electrode distance, as explained above.
Instantaneous switching off of the lamp will conserve the effect, so that upon re-
ignition of the lamp after cooling, the reduced electrode distance is preserved.

To give an example of a switch-off sequence, let us consider an UHP
lamp with nominal power 700W and lamp voltage of 109.9V in stable operation. At
time tofr, power ramp interval 24 is started, and power is increased from 700 W to 735
W in 6.5 min. After 6.5 min, the lamp is switched off rapidly. Upon re-ignition of the
lamp and operating the lamp at 700 W, the lamp voltage has dropped to 95.7 V, thus
indicating a significantly reduced electrode distance.

Instead of using a fixed duration power ramp interval is it possible to
continually increase the power until a predetermined voltage threshold is reached. For
example, this voltage threshold may be set to the nominal lamp voltage of the new
lamp. As over lifetime the lamp voltage increases due to electrode burn back, the power
ramp interval 24 of the switch-off sequence is used, and the lamp voltage continuously
monitored until it reaches the stored nominal value.

Regarding the power ramps described in connection with fig. 6, fig. 7, it
should be noted, that the curves shown are linear ramps. While these curves are pre-
ferred, other curves may be used to achieve the same effect.

Finally, fig. 3 shows a lighting assembly 30. The assembly includes a
lamp 10 and a driver circuit 32. Lamp 10 may be part of an optical system, e.g. a pro-
jector, whose first component is shown here as a reflector 34. A moveable shutter 36
may be moved within the optical system 34 to block light L. emitted from lamp 10. The
operation of shutter 36 is also controlled by driver electronics 32. Driver electronics 32
further comprise a "turning-off"-indicator display 40 and a turn-off switch 38.

Assembly 30 incorporates the turn-on-sequence described above in con-



10

WO 2006/072858 PCT/IB2005/054369
10

nection with fig. 6 and the switch-off sequence described above in connection with fig.
7. As assembly 30 is turned on, driver electronics 32 operate lamp 10 according to the
turn-on sequence. After lamp 10 has performed stable operation for some time, the op-
erator decides to switch off the assembly 30 by activating switch 38. Driver electronics
32, instead of immediately turning off lamp 10, operate shutter 36 to block light L emit-
ted from the lamp. Also, indicator light 40 is turned on to inform the operator that the
switch-off sequence was initiated. The lamp 10 is then operated according to the
switch-off sequence described above either with a fixed duration power ramp interval,
or with constant monitoring of the lamp voltage until a predetermined threshold value is

reached. After completion of the power ramp interval, lamp 10 is turned off.
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CLAIMS:

Lighting assembly, including

a discharge lamp (10) comprising a discharge vessel (14) with at least two elec-
trodes (16) arranged at a distance (d) for generating an arc between said elec-
trodes (16),
and driving means (32) for operating said lamp (10) with electrical power,
where said driving means (32) operate said lamp (10) according to a switch-off
sequence before switching off said lamp, said switch-off sequence including
- apower ramp interval (24), where in said interval (24) said lamp (10) is op-

erated with increasing electrical power over time,

- and, after said interval (24), switching off said lamp (10).

Assembly according to claim 1, where
said power ramp interval (24) has a duration of 5 s to 30 min, preferably 30 s to

15 min, most preferably 1 min to 10 min.

Assembly according to one of the above claims, where
during said power ramp interval (24), said electrical power is increased by
0.01 % to 50 % of the nominal power Py of said lamp (10), preferably 0.2 to
20 % of said nominal power Py, most preferably 1 to 10 % of said nominal

power Px.

Assembly according to one of the above claims, where
during said power ramp interval (24), said increase of electrical power is 5*10°
5% to 10% of a nominal power of said lamp (10) per second of the duration of
said power ramp interval (24),
preferably 2*10™%/s to 0.7%/s,
most preferably 1%107%/s to 0.1%/s.
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Assembly according to one of the above claims, said assembly further

including

input means (38) for initiating said switch-off sequence,
where upon activation of said input means (38) said switch-off sequence is initi-

ated.

Assembly according to one of the above claims, said assembly further

including

shutter means (36) for blocking light emitted from said lamp (10),
where said shutter means (36) are activated at the beginning of or during said

switch-off sequence.

Assembly according to one of the above claims, where
said driving means (32) comprise measuring means for measuring the voltage
applied to said lamp (10),
where during said power ramp interval (24) the electrical power is increased un-
til said voltage reaches a predetermined value, or a predetermined duration or

maximum power value is reached.

Lighting assembly, including
a discharge lamp (10) comprising a discharge vessel (14) with at least two elec-
trodes (16) arranged at a distance (d) for generating an arc between said elec-
trodes (16),
and driving means (32) for operating said lamp (10) with electrical power,
where said driving means (32) operate said lamp (10) according to a turn-on se-
quence after turning on said lamp, said turn-on sequence including
- afirst turn-on interval (20), where said lamp (10) is operated with electrical
power increasing up to an initial maximum power value, where said initial
maximum power value is less than a nominal power (Py) of said lamp (10),
- and a power ramp interval (22), during which said lamp (10) is operated
with electrical power increasing over time from said initial maximum power

value to said nominal power (Py).
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Assembly according to claim 8§, where
said initial maximum power value corresponds to 50% to 99% of said nominal
power (Pn), preferably 60% to 90% of said nominal power (Px), most preferably
65% to 80% of said nominal power (Pn).

Assembly according to one of the above claims, where
said discharge lamp (10) is a high-pressure mercury vapor discharge lamp,
where said discharge vessel (14) comprises mercury at an operating pressure of

grater than 100 bar, preferably greater than 150 bar.

Assembly according to one of the above claims, where
said distance (d) between said electrodes (16) is less than 3.5mm, preferably less

than 2.5mm.

Driver circuit for a discharge lamp, including
driving means (32) for supplying electrical power to a lamp terminal,
where after receiving a switch-off signal said driving means (32) supply electri-
cal power according to a switch-off sequence, said switch-off sequence includ-
ing
- apower ramp interval (24), where in said interval (24) the power supplied at
said terminal is increasing over time,

- and, after said interval (24), electrical power at said terminal is switched off.

Driver circuit for a discharge lamp, including
driving means (32) for supplying electrical power to a lamp terminal,
where said driving means (32) when turning on supply electrical power accord-
ing to a turn-on sequence, said turn-on sequence including
- afirst turn-on interval (20), where in said interval (20) the electrical power
supplied at said terminal is increased up to an initial maximum power value,
which is less than a predetermined nominal power value,
- and a power ramp interval (22), where in said interval (22) the power sup-

plied to said terminal is increasing over time from said initial maximum
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power value to said nominal power value (Px),

Projection system including a lighting assembly according to one of

claims 1-11 or a driver circuit according to one of claims 12, 13.

Method of operating a discharge lamp (10),
said discharge lamp (10) comprising a discharge vessel (14) with at least two
electrodes (16) arranged at a distance (d) for generating an arc between said
electrodes (16),
where said lamp (10) is operated according to a switch-off sequence before
switching off said lamp, where said switch-off sequence includes a power ramp
interval (24), during which said lamp (10) is operated with increasing power

over time.

Method of operating a discharge lamp (10),
said discharge lamp (10) comprising a discharge vessel (14) with at least two
electrodes (16) arranged at a distance (d) for generating an arc between said
electrodes,
where said lamp (10) is operated according to a turn-on sequence after turning
on said lamp (10), said turn-on sequence including
a first turn-on interval (20) where said lamp (10) is operated with electrical
power increasing up to an initial maximum power value, where said initial
maximum power value is less than a nominal power (Py) of said lamp (10),
and a power ramp interval (22), during which said lamp (10) is operated with
electrical power increasing over time from said initial maximum power value to

said nominal power (Px).
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