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(57) ABSTRACT

Methods for preventing blackening of a gas filled arc tube of
amercury vapour discharge lamp. Lamp voltage and slope, as
well as lamp current and slope are analyzed to determine the
state of mercury saturation of the gas in the arc tube. A first
control signal is sent to alter the lamp power and a second
control signal is sent to alter the level of cooling of the lamp
according to the state of mercury saturation. Methods for
driving a mercury vapour discharge lamp using a monitoring
arrangement and analyzing unit to dynamically control the
lamp power and the level of cooling ofthe lamp are described.
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METHOD AND ARRANGEMENT FOR
MONITORING THE MERCURY
CONDENSATION IN AN ARC TUBE

This invention relates to a method of monitoring the mer-
cury condensation in a gas-filled arc tube of a mercury vapour
discharge lamp. Furthermore, the invention relates to a moni-
toring arrangement for monitoring the mercury condensation
in a gas-filled arc tube of a mercury vapour discharge lamp.
Moreover, the invention relates to a method for driving a
mercury vapour discharge lamp wherein the state of mercury
saturation of the gas in an arc tube of the lamp is monitored
according to such a method, and to a driving unit for driving
a mercury vapour discharge lamp comprising such a moni-
toring unit, and to a projector system comprising a mercury
vapour discharge lamp and such a driving unit.

Mercury vapour discharge lamps comprise an envelope
which consists of material capable of withstanding high tem-
peratures, for example, quartz glass. From opposite sides,
electrodes made of tungsten protrude into this envelope. The
envelope, also called “arc tube” in the following, contains a
filling consisting mainly of mercury, and also one or more
rare gases. By applying a high voltage across the electrodes,
a light arc is generated between the tips of the electrodes,
which can then be maintained at a lower voltage. Owing to
their optical properties, mercury vapour discharge lamps are
preferably used, among others, for projection purposes. For
such applications, a light source is required which is as point-
shaped as possible. Furthermore, a luminous intensity—as
high as possible—accompanied by a spectral composition of
the light—as natural as possible—is desired. These properties
can be optimally achieved with so called “high pressure gas
discharge lamps” or “HID lamps” (High Intensity Discharge
Lamps) and, in particular, “UHP-Lamps” (Ultra High Perfor-
mance Lamps).

Usually, the arc tube of such a high pressure discharge lamp
is of very small dimension, e.g. having a volume of some 10
mm?®. The high electrode load of such a lamp results in evapo-
ration of tungsten from the electrodes, which is then depos-
ited on the wall of the arc tube, leading to a very undesirable
blackening of'the arc tube. Such a blackening of the wall must
be avoided, otherwise the wall temperature of the arc tube
increases during the operational life time of the arc tube, due
to increased absorption of thermal radiation, ultimately
destroying the arc tube. In an attempt to avoid such wall
blackening due to tungsten transport, precise amounts of oxy-
gen and halogen, preferable bromine, have been added to the
gas in the arc tube. Such additives to the lamp atmosphere
prevent the tungsten, that evaporates from the electrodes,
from the deposition on the bulb wall, since, in the cooler
regions of the bulb close to the bulb wall, the tungsten atoms
react chemically to form volatile oxyhalide molecules which
are transported, e.g. through convection, to the hotter regions
of the lamp near the electrodes, where the molecules disso-
ciated. In this way, tungsten atoms are returned to the lamp
electrodes in a regenerative manner. This transport cycle is
usually called the “regenerative cycle”.

A problem arises if the lamp is driven with an operational
power much below the nominal power of the lamp. Below a
certain power level, the mercury condenses, with the result
that the halogen, e.g. bromine, is bonded by the liquid mer-
cury. The regenerative cycle is thus no longer effective.

However, the possibility of gradual dimming of projector
lamps—where the lamp power is determined by the video
content—is desired for future generations of multimedia pro-
jectors. It is generally possible to dim the picture for darker
scenes by appropriate control of the picture-rendering com-
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ponents of a projector, e.g the display, as has been done to
date. However, for a display with particular number of bright-
ness levels (e.g. 8 bits), this technique results in part of the
dynamic range being lost, since some of the bits cannot be
used. Dimming the projector by means of the picture-render-
ing components thus leads to a loss in contrast. By dimming
the light source, on the other hand, the entire contrast range
offered by the picture-rendering components can be put to
use, even in dark scenes. For example, the article, “Illumina-
tion Control System for Adaptive Dynamic Range Control”
by Takashi Toyooka et. al. in SID 04 Digest, 174, 2004
describes that the reduction of the lamp power would be the
most preferable measure for dynamic reduction of the light
output, but that it is not used because of the limitation
imposed by the dimming range of UHP lamps. These limita-
tions for dimming of UHP lamps are usually determined by
mercury condensation, as described above. Therefore, in
order to increase contrast during dark scenes in video projec-
tion applications, it is desirable to reduce the lamp power
much below the mercury condensation level.

Insofar as exact information regarding the state of mercury
condensation in the arc tube were available, it would be
possible, at least for a while, to reduce the lamp power,
whereby the lamp power would then be raised before signifi-
cant blackening could arise as a result of the interrupted
regenerative cycle. Owing to the thermal inertia of the lamp,
the condensation and evaporation of mercury do not precisely
follow the variations in power. The situation becomes even
more complex ifa forced cooling of the lamp is adapted to the
power level. Thus, the duration of lamp operation with con-
densed mercury depends on the lamp power prehistory, and
on the situation of each of the low and high power levels, and
on the preceding history of the forced cooling intensity. The
state of mercury condensation in the arc tube can therefore not
satisfactorily be controlled by simply monitoring the lamp
power.

Therefore, an object of the present invention is to provide
an easy and cheap method and a corresponding monitoring
arrangement for a better monitoring of the mercury conden-
sation.

To this end, the present invention provides a method of
monitoring the mercury condensation in a gas filled arc tube
of'a mercury vapour discharge lamp wherein a lamp voltage
and a lamp current are determined and analysed to give an
indication of the state of mercury saturation of the gas in the
arc tube.

In the normal mode of operation, a mercury vapour dis-
charge lamp displays negative current-voltage characteris-
tics. A reduction of the lamp power, usually eftected by reduc-
ing the current, causes an increase in operation voltage.
However, it could be found that if some mercury has con-
densed, the voltage response to the variation in power (or
current) is determined primarily by the variation in mercury
pressure. This results in a different response of a lamp voltage
to the reduction in current. Contrary to the case of an unsat-
urated lamp, the voltage of a saturated lamp drops due to
mercury condensation and the resulting reduction in mercury
pressure. Similar differences in voltage response behaviour
are observed in the case of an increase in current. This behav-
iour can be explained as follows: if the current is reduced
during the unsaturated regime, i.e. in normal mode of opera-
tion, the plasma between the electrodes cools to a lower
temperature and the degree of ionization drops. As a result,
the resistance of the lamp increases, as does the operation
voltage. In a state of saturation, on the other hand, increasing
the current results in an increased heat output of the lamp.
This leads at first to mercury evaporation from the molten
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mass. The increase in evaporated mercury atoms in the gas
also results in an increase of the resistance of the lamp. This
effect plays a dominant role and leads to the increase in
voltage if the current is increased for a saturated lamp.

This observation regarding the behaviour of the voltage as
a function of the level of current is put to good effect in the
method according to the invention in order to determine, in an
easy and uncomplicated manner, an indication of the state of
mercury saturation in the bulb by simultaneously measuring
the voltage and the current as well as the relationship of these
measurements to one another.

An appropriate monitoring arrangement for monitoring the
mercury condensation in a gas-filled arc tube of a mercury
vapour discharge lamp should comprise the following com-
ponents: a voltage determination unit for determining a lamp
voltage, a current determination unit for determining a lamp
current, an analysing unit for analysing the determined lamp
voltage and determined lamp current and for giving an indi-
cation regarding the state of mercury saturation of the gas in
the arc tube according to the result of the analysis.

Such a monitoring arrangement can essentially be realised
in any lamp control unit for controlling a mercury vapour
discharge lamp. Equally, such a lamp control unit can be
incorporated in almost any projector system or other image
rendering system comprising a mercury vapour discharge
lamp. Atleast the analysing unit can be realised as software in
a programmable microprocessor of an image rendering con-
trol unit or lamp control unit. For example, since most pro-
jector systems already feature suitable voltage and current
measurement units for regulating the voltage and current, and
since such devices usually also feature programmable micro-
processors, existing control units and/or projector systems
can be adapted simply by installing an appropriate software
update.

If'the state of mercury saturation of the gas in an arc tube of
the lamp is monitored according to the invention, this mea-
surement might be used in a method for driving a mercury
vapour discharge lamp wherein the lamp power and/or cool-
ing-off the lamp are controlled according to the state of mer-
cury saturation. For example, a representative value which for
the state of mercury saturation may be submitted to a power
controller and/or cooling controller for use in a controlling
cycle. In particular, with the aid of this monitoring of the state
of mercury condensation, it is possible to control the lamp
power in such a way that a temporary dimming of the lamp is
effected below the power level at which mercury begins to
condense. With the aid of the invention, it is possible to
determine the point at which the lamp power must be
increased in order to avoid a significant blackening of the
walls of the arc tube.

The dependent claims and the subsequent description dis-
close particularly advantageous embodiments and features of
the invention.

In a particularly elementary embodiment of the invention,
a property only, for example the sign of the slope of a current/
voltage characteristic of the lamp, is determined to give a
qualitative indication regarding the state of mercury conden-
sation. In other words, it is simply monitored whether the
voltage increases or decreases with increase in current, or
whether a drop in current results in an increase or decrease in
voltage. This information is then used as an indication
whether the lamp is operating in a saturated regime or in an
unsaturated regime.

The analysis of the sign of the slope of a current voltage can
be realised by the simple analysis of the slopes of the mea-
sured lamp voltage and the lamp current, by, for example,
measuring the lamp voltage over a certain short period of time
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and the lamp current over a short period of time, and deter-
mining the slopes of the lamp current and voltage. The rela-
tionship of the slope of the measured lamp current to the slope
of the measured lamp voltage yields the slope of the current/
voltage characteristic and therefore also the required sign of
the slope.

In a further embodiment of the invention, the ratio of the
slope of the lamp voltage to the slope of the lamp current is
used to give a quantitative indication regarding the state of
mercury saturation in the lamp.

Generally the invention might be used for all types of
mercury vapour discharge lamps. Preferably it is used for
HID lamps and particularly UHP lamps. The invention can
also be applied to other lamps which are not intended for use
in projection systems, for example, lamps for automotive
lighting systems.

Other objects and features of the present invention will
become apparent from the following detailed descriptions
considered in conjunction with the accompanying drawings.
It is to be understood, however, that the drawings are designed
solely for the purposes of illustration and not as a definition of
the limits of the invention. In the drawings, wherein like
reference characters denote the same elements throughout:

FIG. 1 shows a longitudinal through a high-pressure mer-
cury vapour discharge lamp;

FIG. 2 shows a graph of the integral light output and mer-
cury pressure vs. operational power for 200 Watt UHP burner;

FIG. 3 shows a schematic block diagram of a lamp control
unit comprising a monitoring unit according to the invention;

FIG. 4 shows a detailed block diagram of a further lamp
control unit comprising a monitoring unit according to the
invention;

FIG. 5 shows the voltage changes of a 120 Watt UHP lamp
during variation of the lamp power.

The dimensions of the objects in the figures have been
chosen for the sake of clarity and do not necessarily reflect the
actual relative dimensions.

The high-pressure mercury vapour discharge lamp 1
shown in FIG. 1 has an elliptical arc tube 2 of quartz glass.
The ends of the arc tube 2 are adjoined by cylindrical quartz
parts 6, 7, into which molybdenum foils 8, 9 are sealed in a
vacuum-tight manner. The inner ends of the molybdenum
foils 8, 9 are connected to electrodes 4, 5 which protrude into
the arc tube 2. These electrodes 4, 5 are made from tungsten.
On the ends which protrude into the bulb, the electrodes 4, 5
carry wrappings or coils of tungsten. The outer ends of the
molybdenum foils 8, 9 are connected to current supply wires
10, 11 which lead to the exterior of the lamp.

The arc tube 2 is filled with rare gas and mercury. Further-
more, a small amount of bromine is also present in the arc tube
2. The principle of operation of such a lamp 1, and particu-
larly the regeneration cycle which, with the aid of bromine
addition to the gas, ensures that tungsten does not settle on the
inner walls of the arc tube, has already been explained in
detail above. That mercury condensing into liquid form also
presents a problem, owing to the fact that bromine atoms are
bound by liquid mercury, with the result that the regenerative
cycle is then interrupted, has also already been explained.

FIG. 2 shows the relationship between mercury pressure
and operational power for a 200 W UHP lamp. Mercury
pressure is indicated by the lozenge-shaped markers. It can be
seen clearly that, below an operational power of 120 W,
mercury starts to condense. FIG. 2 also shows the relationship
between integral light output and the operational power
(round markers). This illustrates that, for a 200 W UHP lamp,
reduction of the light output is limited to 30% when one
wishes to ensure that the UHP lamp does not operate in the



US 7,639,017 B2

5

saturated regime in which mercury is present in liquid form.
The same problem arises with the usual 120 W UHP lamps.
These cannot be dimmed below 100 W if condensation of
mercury is to be avoided. On the other hand, since the state of
mercury condensation only follows the reduction of the lamp
power with a delay, it is possible, in principle, to allow the
lamp to operate for a certain length of time in a lower power
range without necessarily resulting in damage to the lamp. To
this end, the state of mercury is monitored according to the
present invention.

A lamp control unit 13 with a monitoring arrangement 14,
which can be used for monitoring state of mercury saturation
in the arc tube, will be described in the following with the aid
of FIG. 3. This figure illustrates, schematically, the compo-
nents relevant to the invention. This lamp control unit 13 can
also comprise any other components usually required for the
operation of a mercury vapour discharge lamp. Such a lamp
control unit is often also called a “lamp driver”.

The heart of the lamp control unit 13 is a power supply unit
20 with two connectors 21, 22, which are connected to the
lamp 1 by means of the leads 10, 11. In the present case, the
lamp 1 is a cooled UHP lamp 1, which is equipped with a
cooling unit 12. The cooling unit 12 is controlled by a cooling
control unit 19, which is also part of the lamp control unit 13.
The lamp control unit 13 is connected to a power supply 18 by
means of two connectors 23, 24.

According to the invention, the lamp control unit 13 com-
prises a monitoring arrangement 14. This in turn comprises a
voltage measuring unit 15, which is connected in parallel to
the lamp 1 to the poles 21, 22 of the power supply unit 20, and
which measures the voltage between the leads 10, 11 of the
lamp 1. Furthermore, a current measuring unit 16, placed in
the leader 10 to the lamp 1, measure the current flowing
through the lamp 1. This current measuring unit 16 can, for
example, measure the current using induction.

The monitoring arrangement 14 also comprises an analys-
ing unit 17, to which the voltage measuring unit 15 and the
current measuring unit 16 are connected, and to which they
report their measurements. In the analysing unit 17, the mea-
surement values of the voltage measuring unit 15 and the
current measuring unit 16 are recorded, and the resulting
current and voltage curves are analysed.

FIG. 4 shows a more detailed circuit for a possible realisa-
tion of a lamp driver 26 with a monitoring arrangement
according to the present invention. The driver circuit 26 com-
prises a direct current converter 28, a commutation stage 40,
an ignition arrangement 45, a control circuit 27, a voltage
measuring unit 35, and a current measuring unit 36.

The control circuit 27 controls the converter 28, the com-
mutation stage 40, and the ignition arrangement 45, and
monitors the voltage behaviour of the lamp driver 26 at the gas
discharge lamp 1. The commutation stage 40 comprises a
driver 50 which controls four switches 46, 47, 48, 49. The
ignition arrangement 45 comprises an ignition controller 41
and an ignition transformer which generates, with the aid of
two chokes 43, 44, a symmetrical high voltage so that the
lamp 1 can ignite.

The converter 28 is fed by an external direct current supply
25 of, for example, 380V. The direct current converter 28
comprises a switch 32, a diode 29, an inductance 33 and a
capacitor 31. The control circuit 27 controls the switch 32 via
a level converter 39, and thus also the current in the lamp 1.

The voltage measuring unit 35 is connected in parallel to
the capacitor 31, and is realised in the form of a voltage
divider with two resistors 37, 38. A capacitor 34 is connected
in parallel to the resistor 38.
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For voltage measurement, a reduced voltage is diverted at
the capacitor 31 via the voltage divider 37, 38, and measured
in the control circuit 27 by means of an analog/digital con-
verter. The capacitor 34 serves to reduce high-frequency dis-
tortion in the measurement signal. The current in the lamp 1
is monitored in the control circuit 27 by means of the current
measuring unit 36, which also operates on the principle of
induction. Since the control circuit 27 controls the current in
the lamp 1 by means of the level converter 39 and the switch
32, the momentary current level can also be taken over in the
control circuit 27. In this case, the current measuring unit
required according to the invention is directly integrated in
the control circuit, and the external current measuring unit 36
shown in FIG. 4 can, for example, be used for checking
purposes, or, for some types of lamps, be dispensed with
entirely.

The control circuit 27 comprises a programmable micro-
processor. The analysing unit 17 is implemented here in the
form of software running on the microprocessor of the control
circuit. The analysing unit 17 records and analyses the mea-
surement values reported by the voltage measuring unit 35
and the current measuring unit 36.

FIG. 5 shows an example of current (upper) and voltage
(lower) curves recorded in parallel over the same period of
time. In certain regions, cross-hatched differently to distin-
guish them from each other, the behaviour of voltage as a
function of the change in lamp power—and therefore a
change in lamp current—is analysed. Thereby, it is deter-
mined whether the voltage drops when the current is reduced,
or whether the voltage increases. By making this observation
alone, it is possible to determine the state of mercury satura-
tion in the arc tube.

As is evident from FIG. 5, the behaviour of the voltage as
a function of a change in current, in those regions in which
mercury condensation is occurring, differs clearly from its
behaviour in the regions in which the lamp is operating in an
unsaturated regime. Whilst a reduction in current results in a
corresponding drop in voltage during the mercury condensa-
tion regime, and increasing the current results in a corre-
sponding rise in voltage, a reduction in current during the
mercury unsaturated regime leads to an increase in voltage,
and vice versa. Therefore, the lamp exhibits a positive cur-
rent-voltage characteristic in the mercury condensation
regime, whereas it exhibits the—normal—negative current-
voltage characteristic during the mercury unsaturated regime.
By means of an exact evaluation of the relationship of the
voltage reduction as a function of a reduction in current,
conclusions can be drawn about the quantitative mercury
condensation.

With the aid of the monitoring arrangement 14, it is there-
fore possible to directly determine the state of mercury satu-
ration in the lamp 1. Accordingly, suitable control signals can
be sent from the monitoring arrangement 14 to the power
supply unit 20 and the cooling control unit 19 of the lamp
control unit 13, so that, for example, by raising the opera-
tional lamp power or by reducing the level of cooling, mea-
sures can be taken in time to prevent blackening from taking
place and destroying the lamp. This allows dimming of the
lamp considerably below the nominal power during opera-
tion, at least for certain periods of time. In a test run over
several hours, it was possible, by suitable controlling of the
cooling unit 12 and the power supply unit 20, to dim the lamp
to a level at which a UHP lamp is driven in saturated regime.
It was even possible to dim the lamp down to 40% of nominal
power. This demonstrates that, for example, with the aid of
the invention, the adaptive dynamic range control described
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earlier can be realised by dimming the lamp, and that opti-
mum performance can thereby be attained.

Although the present invention has been disclosed in the
form of preferred embodiments and variations thereon, it will
be understood that numerous additional modifications and
variations could be made thereto without departing from the
scope of the invention. For the sake of clarity, it is also to be
understood that the use of “a” or “an” throughout this appli-
cation does not exclude a plurality, and “comprising” does not
exclude other steps or elements. Also, a “unit” may comprise
a number of blocks or devices, unless explicitly described as
a single entity.

The invention claimed is:

1. A monitoring arrangement for monitoring mercury con-
densation in a gas-filled arc tube of a mercury vapour dis-
charge lamp comprising:

a voltage determination unit for determining a lamp volt-

age;

a current determination unit for determining a lamp cur-

rent;

an analyzing unit for analyzing the determined lamp volt-

age and determined lamp current, wherein the analyzing
unit provides the ratio of the slope of the lamp voltage to
the slope of the lamp current for giving an indication
about the state of mercury saturation of the gas in the arc
tube, and wherein the analyzing unit is configured to
send a first control signal to alter the lamp power and a
second control signal to alter the level of cooling of the
lamp according to the state of mercury saturation.

2. A driving unit for driving a mercury vapour discharge
lamp, comprising a monitoring arrangement according to
claim 1.

3. An image rendering system comprising a mercury
vapour discharge lamp and a driving unit according to
claim 2.
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4. A method for driving a mercury vapour discharge lamp,
comprising:

determining a lamp voltage and a slope of the lamp voltage;

determining a lamp current and a slope of the lamp current;

analyzing the lamp voltage and lamp current to determine
the state of mercury saturation of the gas in the arc tube;
and

controlling dynamically the lamp power and the level of

cooling of the lamp at the same time to alter the state of
mercury saturation by sending a first control signal to
alter the lamp power and a second control signal to alter
the level of cooling of the lamp according to the state of
mercury saturation.

5. The method of claim 4, wherein the state of mercury
saturation is determined from the ratio of the slope of the lamp
voltage to the slope of the lamp current.

6. The method of claim 4, wherein the mercury vapour
discharge lamp is a high intensity discharge lamp or an ultra
high performance lamp.

7. A method for preventing blackening of a gas filled arc
tube of a mercury vapour discharge lamp, comprising:

determining a lamp voltage and a slope of the lamp voltage;

determining a lamp current and a slope of the lamp current;

analyzing the lamp voltage and lamp current to determine
the state of mercury saturation of the gas in the arc tube;
and

sending a first control signal to alter the lamp power and a

second control signal to alter the level of cooling of the
lamp according to the state of mercury saturation.

8. The method of claim 7, wherein the state of mercury
saturation is determined from the ratio of the slope of the lamp
voltage to the slope of the lamp current.

9. The method of claim 7, wherein the mercury vapour
discharge lamp is a high intensity discharge lamp or an ultra
high performance lamp.
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