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(57) Abstract: The invention describes a method of
driving a gas-discharge lamp (1) according to condi-
tions in a specific region (R) of the lamp (1), which
gas-discharge lamp (1) comprises a burner (2) in
which a first electrode (4) and a second electrode (5)
are arranged on either side of a discharge gap, which
lamp (1) is realised such that the position (PCs) of a
coldest spot during an AC mode of operation is in
the vicinity of the first electrode (4), which method
comprises the steps of initially driving the lamp (1)
in the AC mode of operation; monitoring an envir-
onment variable of the lamp (1), which environment
variable is indicative of conditions in a specific re-
gion (R) of the lamp (1); switching to a temporary
DC mode of operation at a DC power value on the
basis of the monitored environment variable,
whereby the first electrode (4) is allocated as the an-
ode; and driving the lamp (1) in the DC mode of op-
eration until the monitored environment variable has
returned to an intermediate environment variable
threshold value (Tpcac). The invention also de-
scribes a gas-discharge lamp and a driver for a gas-
discharge lamp.
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A METHOD OF DRIVING A GAS-DISCHARGE LAMP

FIELD OF THE INVENTION

The invention describes a method of driving a gas-discharge lamp, a gas-

discharge lamp, and a driver of a gas-discharge lamp.

BACKGROUND OF THE INVENTION

Gas-discharge lamps are often used in lighting applications requiring a
very bright light source. One example is a front lighting application, such as in a front
headlight of a vehicle. Another example might be the illumination of an interior space
such as an underground tunnel. A gas-discharge lamp for such applications is generally
driven using AC (alternating current). In a front headlight application using a gas-
discharge lamp as light source, a lighting module generally comprises a housing contain-
ing a burner and a driver. The term 'burner’ includes a discharge vessel, usually of quartz
glass and enclosing a fill comprising various metal salts, and an outer vessel that is also
usually made of glass. The purpose of the driver is to regulate the lamp current and lamp
power. For example, the driver can adjust the frequency and amplitude of the current as
well as the level of the lamp power. To this end, a state-of-the-art driver usually com-
prises various electrical and electronic components such as semiconductor components
for performing memory functions, logic functions, etc.

A gas-discharge lamp such as an automotive D5 lamp can easily operate
for many thousands of hours under normal operating or environmental conditions. How-
ever, under certain circumstances, the temperature in the housing of the lamp may reach
extreme levels, and the components of the driver, particularly temperature-sensitive
semiconductor components, may not be able to withstand these temperatures. As a re-
sult, one or more driver components may become damaged and may even fail, so that the
lifetime of the driver (and therefore the lifetime of the lamp itself) is significantly short-

ened.
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One way of dealing with this problem might be to simply arrange the
driver at a distance away from the lamp so that it is further away from the high tempera-
tures that originate in the discharge arc and propagate through the electrodes. Alterna-
tively, one or more large heat-sinks could be incorporated in the lamp design. However,
in present-day automotive applications at least, a trend towards more compact headlight
units means that the housing must also be quite compact. In such a design, the lamp
driver must be located in close proximity to the burner. Such a compact design also can-
not accommodate a large heat-sink.

In another approach, the lamp power could be reduced in order to also
indirectly reduce the thermal load on the electronic components. However, reducing the
lamp power, i.c. 'dimming' the lamp, has the direct consequence of lowering the tempera-
ture in the coldest spot of the discharge vessel,. The term 'coldest spot' is used in its es-
tablished context, namely to refer to the region in the discharge vessel that is coolest
during operation. The coldest spot temperature should be kept as high as possible in
order to achieve a desirably high efficacy. When the coldest spot temperature is lowered,
the metal salts of the fill can partially condense and are subsequently unavailable in the
gas phase, reducing the efficacy of the lamp, wherein efficacy is expressed as a ratio of
the luminous flux to the power required to produce that luminous flux, i.e. lumens per
Watt. The result is a noticeable drop in light output.

When the lamp power of an AC-driven lamp is reduced to approach a
certain minimum, the commutation behaviour of the lamp can start to exhibit unfavour-
able behaviour. For example, at a zero-crossing of the lamp current, this may remain at
or close to zero for a significant duration, so that the discharge arc becomes unstable.
This is visible to an observer as a 'flickering' as the light output of the lamp fluctuates. If
the lamp power is held at this minimum for too long, the discharge arc will most likely
eventually extinguish.

Therefore, it is an object of the invention to provide a way of driving a

gas-discharge lamp that avoids the problems described above.
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SUMMARY OF THE INVENTION

This object is achieved by the method according to claim 1 of driving a
gas-discharge lamp, by the gas-discharge lamp of claim 12, and by the driver of claim 14.

According to the invention, the method of driving a gas-discharge lamp
comprises
driving the gas-discharge lamp according to conditions in a specific region of the lamp,
which gas-discharge lamp comprises a burner in which a first electrode and a second
electrode are arranged on either side of a discharge gap, which lamp is realised such that
the position of a coldest spot during an AC mode of operation is in the vicinity of the
first electrode for a defined mounting position of the lamp, which method comprises the
steps of initially driving the lamp in the AC mode of operation; monitoring an environ-
ment variable of the lamp, which environment variable is indicative of conditions in a
specific region of the lamp; switching to a temporary DC mode of operation at a DC
power value on the basis of the monitored environment variable, whereby the first elec-
trode is allocated as the anode; and driving the lamp in the DC mode of operation until
the monitored environment variable has returned to an intermediate environment variable
threshold value.

Here, the terms 'first electrode’ and 'second electrode’ are used merely to
distinguish one electrode from the other, but do not infer any sequence of handling dur-
ing a manufacturing process, and do not infer any specific position or arrangement in the
lamp. The term 'first electrode’ used here and in the following is to be understood pri-
marily to refer to that electrode in whose vicinity the coldest spot tends to develop dur-
ing a normal AC mode of operation of the gas-discharge lamp.

In an automotive headlamp, a defined mounting position for a gas-
discharge lamp is generally a horizontal position in which the electrodes lie essentially
along a longitudinal axis of the lamp. In a discharge vessel with an essentially symmetri-
cal internal geometry, the coldest spot during normal AC operation for a horizontally
held lamp would be established at a position essentially halfway between the electrodes
and near the inside wall of the discharge vessel. The method according to the invention is

based on the premise that the coldest spot in an asymmetrical discharge vessel, during
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normal AC operation of the lamp, is established close to one of the two electrodes, for
example at any point along the discharge vessel beneath that electrode. The terms ‘close
to' and 'in the vicinity of' an electrode is to be interpreted to mean that the coldest spot is
not centred around a line passing through a point midway between the electrode front
faces, or through any other appropriate 'halfway point', but shows a clear tendency to be
established at one or other end of the discharge vessel. This 'coldest spot asymmetry' can
be the unavoidable result of constraints in the manufacturing process, but can equally
well be the desired result of a specific lamp design. Experiments carried out in the course
of the invention showed a surprising correlation between the location of the coldest spot
relative to the anode and the efficacy of the lamp during DC operation.

In the known techniques of driving prior art gas-discharge lamps in which
a switch-over might be made from AC to DC in order to dim the lamp, for example in
response to a user input, the electrode designation can be random, so that there is a 50-
50 chance that a particular electrode will function as an anode. In DC operation, the an-
ode is always significantly hotter than the cathode, and the coldest spot is effectively
"‘pushed’ toward the cooler cathode, resulting in a significant drop in the coldest spot
temperature. In the case of an asymmetry in the lamp geometry, the coldest spot can
tend towards one or other of the electrodes. If it happens that that electrode acts as the
cathode, the temperature at the coldest spot will drop even further. The temperature
gradient in such a situation is significantly more pronounced and, as a result, the lamp
exhibits a significant drop in efficacy when operated in DC. In the known methods of
driving a gas-discharge lamp, a changeover to a DC mode of operation can therefore
result in a drastically poorer performance. However, a pronounced drop in efficacy, with
noticeable drop in light output, is unacceptable for a lamp such as an automotive lamp
that must deliver constant light output even if it must be driven for a prolonged duration
in DC mode.

With the method according to the invention, the choice of anode ensures
that the temperature at the coldest spot can be intentionally and deliberately raised dur-
ing DC operation so that a condensation of the metal salts is largely prevented, leaving

these metal salts available in the gas phase. As a direct result, the efficacy of the lamp is
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maintained at a favourably high level. In contrast to a prior art method in which the an-
ode function is not allocated to a specific electrode in consideration of a coldest spot
asymmetry, resulting in a significant drop in efficacy during a DC mode of operation, the
method according to the invention ensures that the lamp efficacy in a DC mode of opera-
tion is comparable to that obtainable during an AC mode of operation.

Another advantage of the method according to the invention is that the
lamp power can be reduced to a much further level than would be possible during a
purely AC mode of operation, particularly for a lamp with a low nominal power, for ex-
ample a 25 W lamp. During operation in the DC (direct current) mode, the lamp current
does not commutate, but remains at a relatively constant level, so that unstable commu-
tation behaviour is not an issue. The DC mode of operation can persist essentially indefi-
nitely until the monitored environment variable has returned to a satisfactory value, at
which point the AC mode of operation can be resumed. The method according to the
invention advantageously allows the lamp power to be regulated according to the envi-
ronment variable, which can indicate deteriorating, stable or improving conditions. In
this way, damage in a critical region of the lamp as a result of unfavourable conditions
can casily and effectively be forestalled. As a result, the lamp lifetime, which may be di-
rectly influenced by the environment variable, can be prolonged. The lamp need only be
driven in the temporary DC mode until the monitored environment variable has returned
to an acceptable threshold value, after which the lamp can be driven again in an AC
mode of operation.

According to the invention, the gas-discharge lamp comprises a burner in
which a first electrode and a second electrode are arranged on cither side of a discharge
gap, which lamp is realised such that the position of a coldest spot during an AC mode
of operation is in the vicinity of the first electrode; and which lamp comprises a driver for
driving the lamp according to conditions in a specific region of the lamp, which driver is
realised to initially drive the lamp in an AC mode of operation; monitor an environment
variable of the lamp, which environment variable is indicative of conditions in a specific
region of the lamp; switch to a temporary DC mode of operation at a DC power value

on the basis of the monitored environment variable, and thereby to allocate the first elec-
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trode as anode; and to drive the lamp in the DC mode of operation until the monitored
environment variable has returned to an intermediate environment variable threshold
value.

An advantage of the gas-discharge lamp according to the invention is that
the coldest spot temperature during the temporary DC mode of operation is maintained
at a favourably high level, so that the lamp can be driven for a prolonged duration in this
temporary DC mode of operation without a noticeable loss in light output at a compara-
ble AC power level. Another advantage is that the lamp can effectively be protected
from failure that might otherwise result from adverse or progressively worsening envi-
ronmental conditions, since it can react to a worsening environment variable by effecting
a changeover from AC to DC, and can maintain DC operation until the environment
variable has returned to an acceptable or 'safe’ level. In other words, the gas-discharge
lamp according to the invention can, by regulating the lamp power as appropriate, effec-
tively prevent damage that would otherwise occur as a result of adverse environment
conditions.

According to the invention, the driver for a gas discharge lamp - compris-
ing a burner in which a first electrode and a second electrode are arranged on either side
of a discharge gap, which lamp is realised such that the position of a coldest spot during
an AC mode of operation is in the vicinity of the first electrode - comprises an environ-
ment variable input for obtaining an environment variable value; a memory for storing a
plurality of environment variable threshold values; and a comparator for comparing a
monitored environment variable to an environment variable threshold value. The driver is
realised to initially drive the lamp in an AC mode of operation; monitor an environment
variable of the lamp, which environment variable is indicative of conditions in a specific
region of the lamp; switch to a temporary DC mode of operation at a DC power value
on the basis of the monitored environment variable, and thereby to allocate the first elec-
trode as anode; and to drive the lamp in the DC mode of operation until the monitored
environment variable has returned to an intermediate environment variable threshold

value.
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Such a driver can be used to replace a prior art driver of an existing lamp
of an appropriate type, so that the lamp can be used to good effect even under very un-
favourable environment conditions.

The dependent claims and the subsequent description disclose particularly
advantageous embodiments and features of the invention. Further embodiments may be
derived by combining the features of the various embodiments described below, and fea-
tures of the various claim categories can be combined in any appropriate manner.

The environment variable can be any variable which gives a reliable indi-
cator of the conditions in a critical region of the lamp. As mentioned in the introduction,
components of the driver may fail if these are subject to adversely high temperatures for
an extended period of time. Therefore, the step of monitoring an environment variable
preferably comprises measuring a variable that gives a reliable indication of the condi-
tions prevalent in a critical region of the lamp, for example the conditions in the driver.
The environment variable can be monitored or tracked indirectly. For example, an oper-
ating variable such as the input ballast voltage can be monitored, since such an operating
variable is usually monitored anyway in a lamp driver, and the observed values can be
compared to data collected during a previous calibration stage in order to draw the ap-
propriate conclusion regarding the environment variable. For example, by monitoring the
input ballast voltage and using a previously established input ballast voltage /driver tem-
perature relationship, it may be possible to deduce the probable temperature in a critical
region of the driver for any value of input ballast voltage. Any appropriate environment
variable could be monitored, as long as the chosen environment variable can act as a
reliable indicator of the conditions prevalent in the critical region of the lamp. For exam-
ple, a progressively decreasing input ballast voltage might also indicate that the lamp is
being operated under progressively worsening environmental conditions. Alternatively,
the environment variable may be measured or monitored directly, for example a tempera-
ture may be directly measured in a specific critical region of the lamp. Of course, any
appropriate or suitable other variable could be monitored. For example, the lamp current
may be a suitable choice of environment variable, since this also varies as the lamp life-

time progresses, and can therefore also give an indication as to how far the lamp power
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can safely be reduced for an older lamp. Other suitable candidate for an environment
variable may be the battery voltage, since an alteration in the battery voltage can indicate
a corresponding alteration in the current being drawn by the lamp, which in turn can be
indicative of worsening or improving environmental conditions in the critical region of
the lamp.

Preferably, the burner of the gas-discharge lamp according to the inven-
tion is arranged on a base, and the two electrodes are preferably arranged along a longi-
tudinal axis of the burner such that the first electrode is at a position remote from the
base and the second electrode is at a position close to the base. In the following, the
terms "inner" and "outer” are used in relation to the positions of the electrodes relative
to the lamp base, since, for automotive purposes, the burner is generally mounted essen-
tially perpendicularly in the base with the optical axis of the burner at a right angle to the
base.

In a compact lamp design, the components of a lamp driver can be ar-
ranged in a housing positioned at the base end of the lamp, close to the lamp itself. For
example, a base-side driver housing can be enclosed in a lamp socket so that an overall
compact lamp/driver realization is possible. Therefore, in the method according to the
invention, when a temperature is used as the environment variable, the temperature is
preferably measured within such a housing, so that the temperature in the driver is relia-
bly monitored. In the following, for the sake of simplicity, but without restricting the
invention in any way, it may be assumed that the environment variable is a temperature,
and that the temperature is measured close to the driver, for example in such a base-side
driver housing.

Experiments carried out in the course of this invention have shown that
the choice of electrode and consideration of lamp asymmetry are significant factors in
maintaining a satisfactory coldest spot temperature during DC mode. Therefore, in a
particularly preferred embodiment of the invention, the electrode situated at a position
remote from the base is allocated to act as the anode during the DC mode of operation.
To ensure this, the driver can apply a potential difference across the electrodes such that

the voltage applied to the outer electrode (which is to act as anode) is greater than the
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voltage applied to the inner electrode (which will act as cathode). The driver could be
'hard-wired' to always choose one particular electrode as anode, for example the 'outer’
electrode that extends along the outside of the lamp into the base. However, since there
are many ways of designing and constructing a gas-discharge vessel, the driver prefera-
bly comprises a memory for storing an anode specification flag, which anode specifica-
tion flag indicates which electrode — inner or outer — of the electrode pair is to be driven
as anode during a DC mode of operation, whereby the anode specification flag specifies
the electrode in the vicinity of which the coldest spot is generally established in AC op-
eration. In a switch-over from AC to DC with the most suitable electrode acting as an-
ode, the coldest spot temperature can be maintained at a high level, so that a condensa-
tion of the metal salts is avoided during dimming, and the lamp efficacy can be main-
tained at a favourably high level.

The switch-over to DC is preferably performed after the lamp power has
been reduced to a certain level which is low enough to ensure that the DC operation is
stable and that the electrodes are not subject to an excessive level of thermal stress.
Therefore, the DC power value at the switch-over to the temporary DC mode of opera-
tion is preferably lower than an AC lamp power value essentially immediately preceding
the switch-over. For example, once a certain temperature has been exceeded during op-
eration of the lamp at nominal power, the lamp driver may switch to a DC mode of op-
eration.

Therefore, in a preferred embodiment of the invention, the switch-over to
the temporary DC mode of operation is preceded by a reduction of the AC lamp power
on the basis of the monitored environment variable. If a measured environment variable
passes beyond a certain threshold, the AC lamp power could first be gradually reduced,
for example by ramping it downwards by very small decrements, and making the
changeover at some point from AC to DC. In a further preferred embodiment of the in-
vention, the AC lamp power is reduced to a defined AC power lower limit value before
making the switch-over to the DC mode of operation. The AC power lower limit may
depend on various factors, for example it may be defined on the basis of the lamp speci-

fication, or may be chosen according to desired lifetime properties and/or desired com-
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mutation behaviour of the lamp. A desired lifetime property may be, for example, the
lamp voltage as the lamp lifetime progresses.

In a preferred embodiment of the invention, the AC power lower limit
value comprises at most 92%, more preferably at most 84%, and most preferably at
most 72% of the nominal power of the lamp. For the case of a 25 W lamp, the AC
power lower limit value is therefore preferably in the range of 23 W — 18 W, whereby
the lower 18 W level is the most preferred AC power lower limit value.

It may be that the lamp current at the point of switching can be consid-
erably higher than an acceptable level for DC operation, which would result in the elec-
trodes being subject to a very high thermal load. The result might be a severe burn-back
of the electrode front faces as these melt on account of the very high temperatures.
Apart from the obvious drawback caused by such a burn-back— namely a drop in lumi-
nous flux as a result of the longer discharge arc — the deformation of the electrodes can
also result in a significant shortening of the lamp lifetime. Therefore, in a particularly
preferred embodiment of the invention, at a switch-over from AC mode of operation to
DC mode of operation, the lamp power is abruptly decreased from the AC power lower
limit value to an even lower power value, so that the lamp current is also abruptly de-
creased to a level appropriate for DC operation and low enough to avoid any significant
electrode deformation and thermal load on the pinch. The expression "abrupt decrease”
is to be understood to mean a marked or significant decrease, in contrast to a gradual
decrease such as a ramping down of the lamp power. The magnitude of the abrupt de-
crease can depend on the lamp type. Preferably, the step of abruptly decreasing the lamp
power comprises decreasing the lamp power to a DC lower power value which is ulti-
mately at most 84%, more preferably at most 72%, most preferably at most 60% of the
lamp nominal power. For a 25 W lamp, the lamp power would ultimately be reduced
to 21 W, 18 W, or even down to 15 W respectively. The 'power gap' or magnitude of the
abrupt decrease can be expressed as a percentage of the lamp nominal power, for exam-
ple the power gap can comprise at most 8%, more preferably by at most 4%, and most
preferably by at most 2% of the lamp nominal power value. For example, for a 25 W

lamp, the DC power value is preferably at most 1 W, more preferably only 0.5 W less
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than the AC power lower limit value. The magnitude of the step can be given by a prede-
fined value, for example a value of 0.75 W below the AC lower power limit. If the AC
lower power limit comprises a fixed value, the lower DC value can be defined by the AC
lower power limit and the step magnitude.

As mentioned above, the method according to the invention allows the
lamp power to be reduced during the DC mode of operation to a level considerably
lower than that which would be practicable during an AC mode of operation. However,
reducing the DC lamp power too far might cause the discharge arc to extinguish. There-
fore, in a further preferred embodiment of the invention, the step of driving the lamp in
the DC mode of operation comprises reducing the lamp power to a DC power lower
limit, after which the lamp power is either maintained at that DC power lower limit, or is
increased gradually back to a higher DC power level. For the 25 W lamp given in the
above examples, an appropriate DC power lower limit might comprise 18 W or even 15
Ww.

At some point, when the environment variable has returned to an accept-
able level, a switch-over from the temporary DC mode back to the AC mode of opera-
tion can be carried out. For example, such a switch-over can preferably be carried out
when the return to AC is likely to be 'permanent’, i.e. when lamp can be driven in the AC
mode again, without a worsening of the environmental variable. However, if the increas-
ing lamp power were to trace the same path as the decreasing lamp power, only in re-
verse, the driver might become caught in an endless corrective loop about an unstable
operating point. In such a situation, the temperature can decrease (a favourable devel-
opment), so that the driver increases the lamp power with a corresponding increase in
lamp current; as a result the temperature increases (an unfavourable development) so
that the driver decreases the lamp power with a corresponding decrease in lamp current;
as a result the temperature decreases, etc., etc. Such an endless corrective loop is very
undesirable. Therefore, a particularly preferred embodiment of the method according to
the invention comprises the step of switching back from the temporary DC mode of op-
eration to the AC mode of operation when the monitored environment variable has re-

turned to an intermediate or return threshold value, which return threshold value is sig-
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nificantly different from the value of the environment variable at which the changeover
was made from AC to DC. For example, if the environment variable is a temperature, a
switch-over from the DC mode of operation to the AC mode of operation is preferably
carried out at a significantly lower temperature than the temperature at which the switch-
over was made from the AC mode of operation to the DC mode of operation.

When power is plotted or graphed as a function of temperature, the
power curve exhibits a degree of hysteresis, since the DC-to-AC return path is different
from the AC-to-DC path. This will be shown later with the aid of the drawings. The in-
termediate or return threshold value can be determined in a prior calibration step for that
lamp type under real or simulated adverse conditions, and can indicate a level at which it
can safely be assumed that a return to the AC mode of operation is likely to be "perma-
nent', at least for the foreseeable future.

When switching back from DC to AC, the lamp current must be high
enough in order for a stable discharge arc to be maintained. Therefore, in a further pre-
ferred embodiment of the invention, at a switch-over from DC mode of operation to AC
mode of operation, the lamp power (and therefore also the lamp current) is abruptly in-
creased from the lower power value to a higher power value. This 'upward' power step is
preferably significantly greater than any 'downward' power step included in the change-
over from AC to DC. In a particularly preferred embodiment of the invention, the return
power value exceeds the AC power lower limit value by at least 2%, more preferably by
at least 4% of the lamp nominal power. In this way, the lamp power is more quickly
brought back to the nominal lamp power level, while at the same time, due to the hys-
teresis nature of the lamp control, the lamp driver will not be caught at an unstable oper-
ating point or working point as described above.

The temperature distribution in the discharge vessel or discharge chamber
plays a significant role during operation of the lamp. It is important that the coldest spot
is relatively high, since a low coldest spot temperature is related to a drop in efficacy of
the lamp. By keeping the coldest spot temperature at a relatively high level, therefore, a
higher efficacy can be achieved. In the gas-discharge lamp according to the invention,

the electrode near which the coldest spot would normally be established in an AC mode
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of operation is the preferred choice of anode. By using that electrode as the anode, the
temperature gradient in the discharge vessel of the burner can be kept favourably low.
The tendency of the coldest spot to develop closer to one electrode than the other is due
to an asymmetry in the lamp. Knowing that such an asymmetry exists, the development
of the coldest spot could be monitored during normal AC operation of the lamp to iden-
tify the electrode nearest the coldest spot, and that electrode is chosen in the method
according to the invention to act as anode during a DC mode of operation.

Preferably, the manufacturing process according to the invention deliber-
ately introduces an asymmetry so that, during operation of the lamps thus manufactured,
the coldest spot essentially always develops in the vicinity of one particular electrode. In
other words, these lamps exhibit what may be called a "coldest spot asymmetry" during
AC operation, meaning that the coldest spot in these lamps does not develop at a central
location, at a location between the electrodes, or any such "middle location". Instead, for
lamps of the same series manufactured using the same manufacturing process according
to the invention, the coldest spot will reliably and reproducibly develop closer to one
particular electrode. This is the electrode (termed the "first electrode” in the above) that
will be used as the anode when a switch-over is made from AC to DC in the method
according to the invention. Such a manufacturing process according to the invention is
described in the following.

In the manufacture of a discharge vessel for a gas-discharge lamp, a
quartz glass tube is formed and heated. The tube is sealed at one end by pinching the
molten quartz, and an electrode is enclosed in that pinch at the same time, so that one
end of the electrode extends into the open tube. Fill material in the frozen (solid or gase-
ous) state, comprising for example Xenon and pellets of various metal salts, is then
dropped into the open tube, which is subsequently sealed to prevent the fill from escap-
ing, while at the same time enclosing a further electrode. Another pinch is formed at that
end of the tube. In this way, a small discharge chamber is formed, and the electrodes
protrude into the discharge chamber from opposite ends. The electrodes are arranged to
lie along the optical axis of the burner, and their front faces are separated by a small gap.

Because the pinches are formed in separate steps, and since the fill material also heats
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and expands when the second pinch is being formed, the fill gas exerts a pressure on the
second pinch area while sealing. For this reason, a discharge vessel manufactured in this
manner exhibits a certain degree of asymmetry. For example, the asymmetry can result in
a slightly longer exposed length of one electrode. The 'exposed length' is the length of
electrode exposed in the discharge chamber between tip and pinch. Experiments with
such gas-discharge lamps driven using the method according to the invention have
shown that the electrode with the slightly longer exposed length is very well suited as
anode, since the longer exposed length improves the behaviour of that electrode under
thermal load. Therefore, in a particularly preferred embodiment of the gas-discharge
lamp according to the invention, the manufacturing process is configured such that a
gas-discharge lamp comprises a discharge chamber sealed by two pinches, whereby one
pinch is formed such that a length of the electrode extending through that pinch into the
discharge chamber is greater than the length of the electrode extending through the other
pinch into the discharge chamber. To use the terminology established above, an elec-
trode with such a longer exposed length can be the 'first electrode’, since the coldest spot
will tend to develop in its vicinity. The asymmetry resulting from the difference in elec-
trode exposed length is generally so slight as to be invisible to the naked eye.

For a gas-discharge lamp according to the invention, the asymmetry can
be deliberately introduced into the lamp design so that the coldest spot during AC opera-
tion tends toward one particular electrode, as described above, and this asymmetry can
be exploited by the driver, which applies a DC voltage across the electrodes such that
that particular electrode performs as the anode. In a preferred embodiment of the gas-
discharge lamp according to the invention, therefore, the lamp comprises two electrodes
arranged to face each other along a longitudinal axis of the burner across a short gap,
which gap is offset along the longitudinal axis towards the base of the lamp. The 'outer’
or first electrode has a longer exposed length, while the 'inner' or second electrode, clos-
est to the base, has a shorter exposed length. This could also be achieved by 'shifting' or
offsetting the electrodes along the longitudinal axis towards the inner end of the burner,
so that the electrode gap is then no longer positioned essentially in the centre of the

burner, but is offset a little towards the base of the lamp. Either way, the outer or first
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electrode is better suited to its function as anode after a switch-over is made from an AC
mode of operation to a DC mode of operation.

Preferably, in the gas-discharge lamp according to the invention, the inner
electrode and the outer electrode have essentially equal dimensions, i.¢. their diameters
and their end-to-end lengths (from Mo-foil to electrode tip) are essentially the same.

To track the development of the environment variable during operation of
the lamp, the gas-discharge lamp according to the invention preferably comprises a suit-
able monitoring unit for monitoring the environment variable, which monitoring unit is
realised to provide the lamp driver with an environment variable value. This monitoring
unit can be located at any suitable position, preferably such that it can monitor the vari-
able in a critical region such as a socket region. Preferably, the monitoring unit com-
prises a temperature sensor, since a direct measurement of the temperature can provide a
reliable report of the situation in the critical region, and the driver can react accordingly.
Of course, such a monitoring unit could also be incorporated in the driver. Other moni-
toring means are conceivable. For example, an infrared sensor could be used to monitor
the temperature development in the lamp and to determine the location of the coldest
spot. In another embodiment, a pair of sensors could be used to monitor a temperature
gradient across the lamp, for example by measuring the temperature at each end of the
lamp or at each electrode.

Other objects and features of the present invention will become apparent
from the following detailed descriptions considered in conjunction with the accompany-
ing 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.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a gas-discharge lamp according to an embodiment of the
invention;
Fig. 2 shows a first graph of power against temperature for the lamp of

Fig. 1 driven using the method according to the invention;
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Fig. 3 shows a second graph of power against temperature for the lamp of
Fig. 1 driven using the method according to the invention;

Fig. 4 shows a third graph of power against temperature for the lamp of
Fig. 1 driven using the method according to the invention;

Fig. 5 shows a block diagram of a driver according to the invention;

Fig. 6 shows graphs of luminous flux against lamp power for a gas-

discharge lamp driven using the method according to the invention.

In the drawings, like numbers refer to like objects throughout. Objects in

the diagrams are not necessarily drawn to scale.

DETAILED DESCRIPTION OF THE EMBODIMENTS

Fig. 1 shows a gas-discharge lamp 1 according to an embodiment of the
invention. The lamp 1 comprises a burner 2 mounted in a base 3. In an automotive front
lighting arrangement, such a lamp 1 is generally mounted horizontally in a housing so
that the longitudinal axis X of the burner 2 is essentially horizontal. The burner 2 com-
prises an outer glass vessel 20 enclosing an inner discharge vessel 21. The discharge ves-
sel 21, usually a quartz glass bulb 21, comprises a pair of electrodes 4, 5 arranged along
the optical axis X to face each other across a short gap in a discharge chamber 22, which
is sealed by two pinches 40, 50. The exposed length d4 of the outer electrode 4 is slightly
longer than the exposed length ds of the inner electrode 5. This can be the result of a
deliberate 'shifting' of the electrodes along the longitudinal axis of the burner to offset the
gap that separates the front faces of the electrodes towards the base of the lamp. Alter-
natively, the longer exposed length may be the result of the manufacturing process, in
which a first pinch is formed before introducing a filling and forming the second pinch.
The result is an asymmetrical shape of the discharge chamber, being essentially conical
or pointed at one end (the outer end in this diagram) and more rounded at the other end.

Each electrode 4, 5 is connected to a molybdenum foil (Mo-foil) 23 in a
pinch 40, 50. Each foil 23 in turn is connected to an outer electrode lead 24, 25. The

outer electrode leads 24, 25 are connected to relevant components of a driver 7 located
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in the base 3. In this lamp design, with the 'longer’ end of the discharge vessel at the
outer electrode, the asymmetry in the discharge chamber results in the coldest spot Pcg
being established in the neighbourhood of the outer electrode, as indicated in a very sim-
plified manner by the shaded area. As mentioned above, such a lamp asymmetry is gen-
erally so slight as to be invisible to the naked eye.

Because of the very high temperatures reached in the discharge cham-
ber 22 during operation of the lamp, the electrode leads 24, 25 also become very hot.
The components of the driver 7 also heat up. The confined space in the base (and the
surrounding lamp housing, which is not shown) means that this heat cannot be quickly
dissipated from this critical region R, indicated by the broken line. Should the tempera-
ture in the critical region R reach an unfavourably high level, some components of the
driver 7 may be damaged, which could well result in lamp failure. Therefore, the lamp 1
according to the invention comprises a monitoring unit 8 located at a position in the
base 3 at which it can reliably monitor the environment variable. In this embodiment, the
monitoring unit 8 is realised to measure the temperature close to a region at which the
clectrode leads 24, 25 are connected to the driver 7, and to deliver an environment vari-
able value 88 to the driver 7. The driver 7 can regulate the lamp power to drive the
lamp 1 — either in an AC mode of operation or a DC mode of operation — according to
the environment variable value 88.

For an automotive D5 high intensity gas-discharge (HID) lamp, the nomi-
nal power AC,om 18 25 W. Using the method according to the invention and a monitored
environment variable, the lamp can be driven initially in AC mode. If the temperature
measured in the lamp base exceeds a first threshold T, of a specified value (e.g. a tem-
perature of around 120°C measured in the housing), the lamp driver can commence
gradual reduction of the lamp power, and eventually make a switch-over to a temporary
DC mode, as illustrated by Fig. 2, which shows a first graph of power P (in Watts)
against temperature T (in degrees Celsius) for the lamp 1 of Fig. 1 driven using the
method according to the invention. In the temporary DC mode of operation, the outer
electrode 4 is given the function of anode. Here, the monitoring unit 8 measures the

temperature and delivers temperature values to the driver. Initially, the lamp is driven in
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AC mode at the nominal operating power AC,on for that lamp. During operation of the
lamp, the temperature in the critical region can increase. Beyond a certain first tempera-
ture threshold T, the driver steadily reduces the AC lamp power in small decrements,
for example by ramping the power downwards. The AC power is not reduced below a
level beyond which the commutation behaviour of the lamp would become unstable. If
the monitored temperature still shows a tendency to increase, the driver switches over at
some point — indicated by the small circle on the graph — from the AC mode of operation
into a DC mode of operation. This instant may be governed by the lamp power value, or
by the monitored temperature value, as appropriate. At the same time, the DC voltage is
applied across the electrodes such that the outer electrode 4 of the lamp 1 of Fig. 1 acts
as the anode, and the inner electrode 5 acts as the cathode. In this way, the temperature
at the coldest spot can be increased, since the anode becomes significantly hotter than
the cathode during DC operation of a gas-discharge lamp. Because of the large propor-
tion of metal salts still available in the gas phase as a result of the higher coldest spot
temperature, the lamp efficacy is therefore maintained at a favourably high level during
the temporary DC mode. The driver can decrease the lamp power by ramping it down-
wards, as shown here, to a minimum DC power level DC.,. This power level DC i, 18
then maintained, during which the temperature may increase for a while. Eventually, the
temperature will start to fall again. Once the temperature has fallen to an acceptable level
T,, the driver can gradually increase the DC lamp power. Once an intermediate DC
power level has been reached, for example the lower power level DCyyy, the driver main-
tains this power level DCi,; until the temperature has fallen further to an intermediate or
return value Tpcac. This intermediate or return value Tpcac 1S chosen to be significantly
lower than the value at which the changeover was made from AC mode to DC mode. At
this point, the driver switches back to an AC mode of operation, and at the same time
abruptly increases the lamp power to a return value AC, so that the lamp current is high
enough for a satisfactory commutation behaviour and a satisfactory light output. After
returning to AC mode, the driver can continually increase the AC lamp power towards

the nominal power level AC,om as long as the temperature continues a downward ten-
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dency. Once a satisfactory temperature has been reached, the lamp can be driven at its
nominal power level AC,,, again.

Figs. 2 - 4 show the "path" travelled by the lamp power as a function of
temperature. At any point during operation of the lamp, the "direction of travel” (indi-
cated by the arrowheads) can be reversed as the temperature reverses its trend, for ex-
ample if the temperature starts to increase again after having shown a downward ten-
dency for a while. To ensure a satisfactorily stable power control, several temperature
measurements can be obtained in succession over a predefined length of time to deter-
mine a temperature trend before carrying out an appropriate lamp power adjustment.

Fig. 3 shows another graph of power P as a function of temperature T for
a 25 W lamp driven using the method according to the invention. Beyond a first tem-
perature T, the driver gradually reduces the AC lamp power. Here, when the AC power
has reached an AC power lower limit AC,,, the power is abruptly lowered from the AC
power lower limit AC;, to a lower power level DCiy, in order to also significantly re-
duce the lamp current so that it is low enough to avoid subjecting the electrodes to an
excessive thermal load. If the temperature continues to increase at this lower power level
DCiy, the driver can proceed to lower the DC power steadily, for example by ramping it
downwards, as shown here, to a minimum DC power level DC .

In this example, the driver lowers the AC power to a minimum AC level
ACni, of about 21 W, about 84% of nominal power, before switching to DC mode (with
outer electrode as anode) and abruptly decreasing the lamp power to a lower power
level DCiy, which can be about 15 W, or about 60% of nominal power. This type of
lamp could not be driven at such a low power level in the AC mode of operation, since
the discharge arc would eventually extinguish as a result of poor commutation behav-
iour. In the lamp according to the invention, the rather low DC power level DC;,; can be
maintained for a while, but should of course only be maintained for a limited duration,
since it should be regarded as a kind of 'emergency’ mode, used only to counteract the
potentially damaging effects of an extreme environment variable such as a too-high tem-

perature in a driver housing. The low DC power level should preferably be maintained
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only as long as necessary, using an improvement of the environment variable to return
towards a normal mode of operation.

Once the temperature drops below the threshold temperature T, the DC
power can be gradually ramped up again until it reaches a predefined return value DC.,
which in this case coincides with the intermediate value DC;y.. This DC value DCiy, s
maintained until the temperature reaches a return threshold value Tpcac at which point
the driver abruptly increases the lamp power to a return AC power value AC, that is
higher than the AC power lower limit value AC .

The 'gaps' between the higher and lower lamp power values, ¢.g. the dif-
ference between the lower power value DC,; and the higher power value AC, in Fig. 2;
or the difference between the higher power value AC.;, and the lower power value DCjy
in Fig. 3, are characteristic of the hysteresis applied by the control loop of the lamp
driver to ensure that it cannot be 'caught’ in an endless corrective loop about an unstable
operating point, as explained above.

Fig. 4 shows a third graph of power against temperature for the lamp of
Fig. 1 driven using the method according to the invention. This curve shows a variation
of the power control algorithm employed by the driver. Instead of increasing the DC
lamp power t the intermediate DC power level DCiy, the driver increases the DC power
to a lower value DC,; and maintains this power level until the temperature has dropped
to a satisfactory intermediate value Tpcac, whereupon the driver abruptly increases lamp
power to a return AC power value AC, that is higher than the AC power lower limit
value ACi. Of course, other variations are possible. For example, the lamp could be
driven such that the return power level DC,; would be higher than the intermediate
power level DCiy.

Fig. 5 shows a simplified block diagram of a driver 7 according to the
invention. Here, a commutation unit 70 of the driver 7 is connected to the outer elec-
trode leads 24, 25 of the lamp (not shown in the diagram). The commutation unit 70 can
apply an AC voltage across the leads 24, 25, but can also apply a DC voltage. The dia-
gram also shows a monitoring unit 8 with a temperature sensor 81 positioned close to

one of the electrode leads. A conversion unit 80 connected to the temperature sensor 81
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provides an environment variable value 88 in a suitable form for the driver 7. The envi-
ronment variable value 88 is received by the driver 7 at a suitable input 71 and compared
in a comparator 73 to predefined threshold values T, T», Tpcac stored in a memory 72.
The comparator 70 can indicate to the commutation unit 70 when the lamp power
should be increased, decreased, maintained, etc. Of course, the commutation unit 70 will
contain various components such as logic components, transistors, a voltage measure-
ment unit, a current measurement unit etc., as will be known to the skilled person. The
monitoring unit 8, or just the conversion unit 80, could of course be realised as part of
the driver 7.

The hysteresis exhibited by the lamp power as a function of temperature
has been shown to comprise an abrupt 'vertical' increase in lamp power when returning
from the AC mode to the DC mode of operation, and maybe also an abrupt 'vertical’
decrease in lamp power when making the changeover from DC to AC. Of course, the
change in lamp power at these points could be made less abrupt. For example, when
changing over from DC to AC, the lamp power could be ramped up steeply while allow-
ing the temperature to sink slightly further, so that the plotted power increase shows a
steep slope instead of being 'vertical'. The same applies in principle to the changeover
from AC to DC, in which the power could be ramped down steeply while allowing the
temperature to increase.

Fig. 6 shows graphs Gac, Gpc.1, Gpe-2 of luminous flux G (Im) against
lamp power P (Watt) for a 25 W D5 gas-discharge lamp. A first graph Gac (dotted line
with diamond-shaped markers to indicate measurement values) shows the luminous flux
for the lamp driven in AC mode. To determine the power/flux dependency, the lamp was
driven briefly at power levels above the rated power, up to about 28 W. As the lamp
power was decreased from about 28 W to about 19 W, the luminous flux was observed
to decrease from about 2400 Im to about 1300 Im. When a lamp in which the coldest
spot is located at the outer end owing to asymmetry in the discharge vessel is driven us-
ing the method according to the invention so that the outer electrode acts as the anode,
the luminous flux follows a second graph Gpc.; (solid line with square markers to indi-

cate measurement values), which essentially follows the same path as the first graph Gac.
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As this graph shows, the lamp can be driven in DC mode at reduced lamp power without
any noticeably worse efficacy than in AC mode at reduced lamp power. This is because
the coldest spot temperature is raised by the hotter anode. An improvement of up to 500
lumen (indicated by the vertical line between the graphs) was observed over the prior art
methods. In contrast, for a lamp with or without such an asymmetry and driven in DC
with the inner electrode acting as cathode, the lamp exhibits a marked drop in luminous
flux, as indicated by the third graph Gpc., (dashed line with triangular markers to indicate
measurement values). For an essentially symmetrical discharge vessel, for example, the
coldest spot will be more or less halfway along the discharge vessel during AC mode,
but will be displaced toward the cooler cathode during DC mode, with a resulting pro-
nounced temperature gradient. For an asymmetrical discharge vessel with its coldest spot
closer to the inner electrode, and with the outer electrode acting as anode, the tempera-
ture gradient becomes more pronounced in a DC mode of operation. Again, the result is
a drop in lamp efficacy.

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 application does not exclude a plurality, and "comprising” does not

exclude other steps or elements.
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CLAIMS:

1. A method of driving a gas-discharge lamp (1) according to conditions in a
specific region (R) of the lamp (1), which gas-discharge lamp (1) comprises a burner (2)
in which a first electrode (4) and a second electrode (5) are arranged on cither side of a
discharge gap, which lamp (1) is realised such that the position (Pcs) of a coldest spot
during an AC mode of operation is in the vicinity of the first electrode (4), which method

comprises the steps of

initially driving the lamp (1) in the AC mode of operation;

- monitoring an environment variable of the lamp (1), which environment variable is
indicative of conditions in the specific region (R) of the lamp (1);

- switching to a temporary DC mode of operation at a DC power value on the basis of
the monitored environment variable, whereby the first electrode (4) is allocated as the
anode; and

- driving the lamp (1) in the DC mode of operation until the monitored environment

variable has returned to an intermediate environment variable threshold value (Tpcac).

2. A method according to claim 1, wherein the burner (2) is arranged on a
base (3), and the electrodes (4, 5) are arranged in the burner (2) such that the first elec-

trode (4) is at a position remote from the base (3).

3. A method according to claim 1 or claim 2, wherein the switch-over to the
temporary DC mode of operation is preceded by a reduction of the AC lamp power on

the basis of the monitored environment variable.

4. A method according to claim 3, wherein the AC lamp power is reduced to

an AC power lower limit value (ACyin)
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5. A method according to claim 4, wherein the AC power lower limit value
(ACpnin) comprises at most 92%, more preferably at most 84%, most preferably at

most 72% of the nominal power (AC,om) of the lamp (1).

6. A method according to claim 4 or claim 5, wherein the switch-over from
the AC mode of operation to the temporary DC mode of operation comprises abruptly
decreasing the lamp power from the AC power lower limit value (ACpin) to a DC lower

power value (DCiy).

7. A method according to claim 6, wherein the DC lower power value
(DCixr) comprises at most 84%, more preferably at most 72%, most preferably at

most 60% of the lamp nominal power (AC,om).

8. A method according to any of the preceding claims, wherein, at a switch-
over from the temporary DC mode of operation to the AC mode of operation, the lamp
power is abruptly increased from a lower power value (DCiy, DC,) to a return power

Value (ACim, ACret) .

9. A method according to claim 8, wherein the return power value (AC.)
exceeds the AC power lower limit value (ACyin) by at least 2%, more preferably by at

least 4% of the lamp nominal power (ACom).

10. A method according to any of the preceding claims, wherein the interme-
diate environment variable threshold value (Tpcac) at which the switch-over is made

from the temporary DC mode of operation to the AC mode of operation is significantly
different from an environment variable threshold value (Tacpc) at which the changeover

was made from the AC mode of operation to the temporary DC mode of operation.
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A method according to any of the preceding claims, wherein the step of

monitoring an environment variable comprises measuring a temperature in the specific

region (R) of the lamp (1).

12.

A gas-discharge lamp (1) comprising a burner (2) in which a first elec-

trode (4) and a second electrode (5) are arranged on either side of a discharge gap,

which lamp (1) is realised such that the position (Pcs) of a coldest spot during an AC

mode of operation is in the vicinity of the first electrode (4); and which lamp (1) com-

prises a driver (7) for driving the lamp (1) according to conditions in a specific region

(R) of the lamp (1), which driver (7) is realised to

13.

initially drive the lamp (1) in an AC mode of operation;

monitor an environment variable of the lamp (1), which environment variable is in-
dicative of conditions in the specific region (R) of the lamp (1);

switch to a temporary DC mode of operation at a DC power value on the basis of the
monitored environment variable, and thereby to allocate the first electrode (4) as an-
ode; and

to drive the lamp (1) in the DC mode of operation until the monitored environment

variable has returned to an intermediate environment variable threshold value (Tpcac).

A gas-discharge lamp according to claim 12, comprising a discharge ves-

sel (21) enclosing a discharge chamber (22) sealed by an inner pinch (50) and an outer

pinch (40), wherein the inner pinch (50) is realised to hold the inner electrode (5) and the

outer pinch (40) is realised to hold the outer electrode (4), and wherein the outer

pinch (40) is formed such that a length (d4) of the electrode (4) extending from the outer

pinch (40) into the discharge chamber (22) is greater than the length (ds) of the elec-

trode (5) extending from the inner pinch (50) into the discharge chamber (22).
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14. A driver (7) for a gas discharge lamp (1), comprising an environment
variable input (71) for obtaining an environment variable value (88); a memory (72) for
storing a plurality of environment variable threshold values (T;, Tz, Tpcac); and a com-
parator (73) for comparing the monitored environment variable value (88) to an envi-

ronment variable threshold value (T;, T,, Tpcac), which driver (7) is realised to

initially drive the lamp (1) in an AC mode of operation;

- monitor an environment variable of the lamp (1), which environment variable is in-
dicative of conditions in a specific region (R) of the lamp (1);

- switch to a temporary DC mode of operation at a DC power value on the basis of the
monitored environment variable, and thereby to allocate the first electrode (4) as an-
ode; and

- to drive the lamp (1) in the DC mode of operation until the monitored environment

variable has returned to an intermediate environment variable threshold value (Tpcac).

15. A driver according to claim 14, comprising a memory for storing an an-
ode specification flag, which anode specification flag indicates which electrode (4) of the

electrode pair (4, 5) is to be driven as anode during a DC mode of operation.
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