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The ignition of a gas discharge lamp Is followed by a warm-up phase. During the warm-up phase, as much power must be
converted in the lamp as enables the lamp to make a transition to an operating phase. In this process, currents flow at a damaging
level Into the electrodes of the lamp In the case of operating devices of the prior art. The invention presented avoids these high
currents by means of an operating device having the following features: - a regulation device which Is suitable for regulating the
power of connected gas discharge lamps to a desired power, - a setting device that Is suitable for limiting a lamp current of
connected gas discharge lamps to a limit value, - a detection device designed to output a signal to the control device If a limit value
setting Is too low, In order to put a connected gas discharge lamp Into a state in which the lamp assumes the desired power, and - a
control device that prescribes the limit value for the setting device and increases the limit value If the detection device sends a signal

to the control device.
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Abstract

The ignition of a gas discharge lamp is followed by a
warm-up phase. During the warm-up phase, as much power
must be converted in the lamp as enables the lamp to
make a transition to an operating phase. In this
process, currents flow at a damaging level 1into the
electrodes of the lamp in the case of operating devices
of the prior art. The invention presented avoids these
high currents by means of an operating device having
the following features:
e a regulation device which 1is suitable for
regulating the power of connected gas discharge
lamps to a desired power,

¢ a setting device that 1s suitable for limiting

a lamp current of connected gas discharge lamps
to a limit value,

e a detection device designed to output a signal
to the control device 1f a limit value setting
1s too low, 1in order to put a connected gas
discharge lamp 1nto a state in which the lamp
assumes the desired power, and

e 4a control device that prescribes the limit
value for the setting device and increases the
limit wvalue 1if the detection device sends a

signal to the control device.
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Operating device and method for operating gas
discharge lamps

Field of the invention

The 1invention relates to an operating device and a
method for operating gas discharge lamps with
electrodes. In particular, the invention sclves
problems that occur during warm-up of gas disch'arge

lamps.

Background of the invention

Gas discharge lamps have to be ignited by means of a

high voltage. After ignition, the lamp warms up from a

starting temperature to an operating temperature during

'a warm-up phase. The voltage present across the gas

discharge lamp after the ignition is termed the arc
voltage and 1s substantially' independent of the lamp
current within wide 1limits. The arc voltage rises
during the warm-up phase from a starting arc voltage up
Lo an operating arc voltage. The warm-up phase 1is

followed by an operating phase in properly functioning
gas discharge lamps.

A distinction 1is made Dbetween high-pressure and low-
pressure gas discharge lamps in lamp technology. With
high-pressure gas discharge lamps, also termed lamps
below, 1t 1s essential for the mode of operation that
the pressure in the lamp vessel rises during the warm-
up phase from an initial pressure up to an operating
pressure. This 1s one reason why the invention

described below can be used with particular advantage

with high-pressure gas discharge lamps. However, it can

also be used with low-pressure gas discharge lamps.

It 1s customary during the operating phase for the

operating device to regulate the power of the lamp to a
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desired power. Since the arc voltage is low during the
warm-up phase, in the case of pure power regulation a
high lamp current would be required during the warm-up
phase 1in order to set the desired power. This current
can be higher by a multiple than the lamp current
during the operating phase. This would lead to a
destruction of the lamp electrodes. Consequently, 1in

‘the prior art the current supplied to the lamp by the

operating device during the warm-up phase is limited to
a constant warm-up current. The lamp 1is therefore fed

with the constant warm-up current at least during a

first segment of the warm-up phase. The arc voltage
rises 1n the course of the warm-up phase. Once the arc
voltage has reached a value that vyields the desired
power 1n conjunction with the constant current, the
power regulation begins to operate. As the arc voltage
rises further, the lamp current 1is reduced so far by
the power regulation that the desired power is
established. The warm-up phase 1is concluded when the
arc voltage has reached the value of the operating arc

voltage. The operating arc voltage exhibits

manufacturing tolerances and also changes during the
service life of a lamp. The operating arc voltage is
therefore defined by the arc voltage that remains
substantially constant during a time range given the
desired power. The time range to be considered is one
minute, for example. Correlated with the operating arc
voltage 1s an operating lamp current that vields the

desired power together with the operating arc voltage.

The following 1is to be noted for the value of the warm-
up current: during the warm-up phase, it 1is necessary
Lo couple so much power into the lamp that the pressure
in the lamp, and thus the lamp voltage, rises steadily
until the operating arc voltage is reached. Otherwise,
the case can arise that the lamp persists in a stable
state durling the warm-up phase, and the desired power
1s not reached. In order to exclude this case reliably,

a warm-up current 1s selected in the prior art that is
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substantially above the operating lamp current. This 1is
described in document US 5,083,065 (Sakata). One aspect
in the selection of the warm-up current 1is also the
desire for the shortest possible warm-up phase in order
to reach a desired luminous flux in the shortest

possible time.

However, a high warm-up current constitutes a heavy
load on the electrodes, and this causes damage to the
electrodes and therefore reduces the lamp service life.
The electrodes are damaged either by overheating, which
causes fusing and erosion, or by so-called sputtering,
which 1s caused Dby 1ions that strike an electrode at
high speed;

Summary of the Invention

It 1is an object of the present invention to provide an
operating device and a method for operating gas
discharge lamps that has a warm-up phase that, on the
cne hand, ensures that the lamp is led into an

operating phase, and on the other hand effects a
minimum load on the electrodes.

This object is achieved by means of an operating device

for operating gas discharge lamps that has the
following features:

e a regulation device which is suitable for

regulating the power of connected gas discharge
lamps to a desired power,

* a setting device that is suitable for limiting

a lamp current of connected gas discharge lamps
to a limit wvalue,

* a detection device designed to output a signal
Lo the control device if a limit value setting

1s too low, in order to put a connected lamp
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into a state in which the lamp assumes the

desired power, and

¢ the control device 1is designed such that 1t
prescribes the 1limit value for the setting
device and increases the 1limit wvalue 1if the
detection device sends a signal to the control

device.

Particularly advantageous refinements of the invention

are to be found in the dependent claims.

Particularly in the case of so-called ultra-high-
pressure lamps, which are used predominantly 1in
projection applications such as beamers, for. example,
it has proved that the fine structure of the electrode
surface has a substantial i1nfluence on the service life
and the flickering of the lamp. Such fine structures
are described 1n document DE 100 21 537 (Derra). These
fine structures are produced either during fabrication

cf the lamp, or they result from operating the lamp

during the operating phase 1n a way suitable therefor.
The 1invention described here prevents the so-called
fine structures from being destroyed in the warm-up

phase by an excessive warm-up current.

According to the invention, the warm-up phase begins

with a low warm-up current whose value 1is selected so
as to exclude damage to the electrodes of a connected
lamp. If no state of the lamp in which the lamp assumes
the desired power 1is reached with the initially set

warm-up current, the warm-up current 1is increased in

accordance with the invention.

Brief Description of the Drawings

The aim below 1s to explain the invention in more

detall with the aid of exemplary embodiments and with
reference to drawings, in which:
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figure 1 shows a Dblock diagram of an exemplary
embodiment for an inventive operating device,

figure 2 shows a diagram  that illustrates the
dependence of the lamp current and the lamp
power on the arc voltage given a different

warm-up behavior, and

figure 3 shows a diagram that illustrates the
dependence of the change 1in lamp current over

time on the change in arc voltage over time.

Detailed description of the invention

Figure 1 constitutes a block diagram of an exemplary
embodiment of an 1nventive operating device that 1is
suitable for operating high-pressure gas discharge

lamps. The basic design and the basic mode of operation

of such an operating device are described in document
WO 95/35645 (Derra). The individual blocks are
described briefly below.

Bleck 1 1includes a dc voltage supply that draws its

energy 1n general from a line voltage supply. The wvalue

Vi)

of the dc voltage supplied 1s above the arc voltage o:

a connected lamp 6.

The dc voltage supply feeds a step-down converter 2
that transforms the voltage value supplied by the dc
supply voltage downward to a value corresponding to the
arc voltage of a connected lamp 6. The step-down
converter 2 includes a setting device with the aid of
which the lamp current can be set. This is done by

selecting the voltage that is set at the output of the
step-down converter.

A possibllity of setting exists mostly owing to a so-
called pulse width modulation (PWM). This determines
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the ratio of switched-on to switched-off duration of
electronic switches that are included in the step-down

converter 2.

The design of the step-down converter 2 can be taken
from the general literature on power electronics. A
topology with a switch 1s selected in WO 95/35645
(Derra). Also possible, however, 1is a design with
several switches such as 1s represented by a half
bridge, for example. The step-down converter 2 includes
an inductor that serves for limiting current. The step-
down converter 2 1s thus lent a characteristic that
corresponds to an adjustable current source for the

lamp current.

The step-down converter 2 supplies a direct current or
an alternating current depending on the topology
selected. For the case in which the step-down converter
2 supplies an alternating current, the output of the
step-down converter 2 1s fed into a rectifier 3 that
supplies a direct current at its output. The rectifier
3 can be omitted if the step-down converter 2 supplies

a direct current.

The direct current from the rectifier 3 or the step-
down converter 2 1s fed into a full bridge 4 that
transforms the direct current into a rectangular
alternating current. The frequency of the rectangular
alternating current is low by comparison with customary
frequencies at which the step-down converter 2
operates, and 1s at values of between 50 Hz and 1 kHz.
The transformation into a rectangular alternating
current 1s required with applications that operate
alternating current lamps and require a uniform
luminous flux. Examples for such applications are
peamers and back projection television sets. The
inventive warm-up of the lamp in a way protecting the
electrodes can also, however, be applied to dc lamps or

Lo ac lamps that are operated with non-rectangular
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alternating current. Consequently, block 3 or 4 or
both, can be eliminated depending on application.

Connected between the full bridge 4 and the lamp 6 1is
an 1gnition unit 5 that supplies the voltage required

to i1gnite the lamp. After the ignition of the lamp, the

ignition unit 5 normally assumes no further function.

A monitoring unit 7 1s connected to the step-down
converter 2, the rectifier 3, the full bridge 4 and the
ignition unit 5. The monitoring unit 7 includes the
control device, the regulation device, the detection
device and measuring devices for detecting operating
parameters (for example arc voltage, lamp current), and
a device for storing lamp-specific data . and
characteristic curves. The 1individual devices are
combined in the monitoring unit 7, since the monitoring
unlt 7 mostly includes a microcontroller that combines

pr—
—

in 1tself the function of several or all devices. In

many cases, 1t 1s also possible to implement a device
either by means of hardware or by means of software.
Control and regulation tasks are increasingly being

taken over by software, since this solution is cost-

effective and flexible.

All connections that lead to the monitoring device 7

can both be 1inputs and outputs. When connected as

inputs, the connections can feed information on the arc
voltage and on the lamp current from one of the blocks

2-5 of the monitoring unit 7 in any way desired.

When connected as outputs, the connections control

lgnition, warm-up, operation and disconnection of the

operating device 1in a fashion coordinated by the
monitoring unit 7.

The requlation device, which is included in the
monitoring unit 7, uses the lamp current and the arc

voltage to calculate the lamp power, and compares it



10

15

20

23

30

33

CA 02465389 2004-04-28

- 8 -

with a stored desired power for the lamp that is to be
operated. If the lamp power is lower than the desired
power, the control device then increases the lamp
current via the setting device until the lamp power and

desired power correspond.

For a warm-up according to the invention, the control
device, which 1s included 1in the monitoring unit 7,
uses a setting device that is included in the step-down
converter 2 firstly to set a limit wvalue for the lamp
current after 1gnition. The lamp is 1in the warm-up
phase, and so the lamp current in this phase 1is also
termed warm-up current. According to the invention, the
limit value is selected s0 as to exclude damage to the
electrodes. The limit value depends on the lamp that is
to be operated. The wvalue that 1is mostly determined

from test series 1s stored i1n the monitoring unit 7.

The 1limit value can be constant during the warm-up
phase, thus enabling a simple implementation. However,
it has Dbeen shown that the warm-up can be optimized
with reference to the loading of the electrodes and the
stability of the plasma arc of the lamp when the limit

value for the lamp current is selected as a function of

the arc voltage. The optimum dependence is determined
in tests and stored in the form of a characteristic

curve 1in the monitoring unit 7.

Thus, the monitoring unit 7 uses a measuring device
firstly to determine the arc voltage, and sets the
assoclated optimum limit value for the lamp current. In
the course of the warm-up phase, the arc voltage
continues to increase, and in the ideal case reaches a
value that leads to a lamp power that corresponds to
the desired power, and the lamp finally makes the
Cransition to the operating phase. A change 1in the
constant limit wvalue, or that prescribed by the stored

characteristic curve, 1is not required in this ideal
case.
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As low as possible a limit value 1is selected, however,
in order to spare the electrodes, and can 1lead to a
case that deviates from the ideal case. The power that
1s converted 1n the lamp 1n the non-ideal case 1s so
low that the arc voltage does not rise so far that the
desired power 1is reached in the lamp. Rather, the arc

voltage persists at one value and rises no more.

According to the invention, a detection device detects
this case and silignals the control device. The latter

causes an 1increase 1in the limit wvalue, whereupon the

arc voltage begins to rise again. A single increase in
the limit value 1s mostly sufficient to lead the lamp
into the operating phase. However, it is also possible
for the detection device to detect repeatedly that the
lamp will not reach the de~sired power and to trigger a
further i1ncrease 1in the limit wvalue via a signal to the

control device.

An 1increase in the limit value can be set up in such a
way that the control device ©prescribes a Thigher
constant limit value for the setting device starting
from a constant limit wvalue. This solution can be

implemented simply.

In order to ensure that the lamp can make a transition
into the operating phase after the first reception of a
signal from the detection device, after the first
reception of a signal of the detection device the
control device <can also be designed such that it
prescribes a limit  value rising in steps or
continuously for the setting device.

As described above, control devices are also possible

S

in which the 1limit wvalue 1is a function of the arc
voltage via a stored characteristic curve. In the case
of such a control device, a signal from the detection

device triggers a deviation from the stored
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characteristic curve. The monitoring unit 7 can have
several stored characteristic curves, one being
switched to active in each case and being valid for the
control device. The warm-up phase is started with the
characteristic curve that has the lowest limit wvalues.
Upon reception of a signal from the detection device,
the control device switches to active a further
characteristic curve, which has higher 1limit wvalues.
Although this implementation of the present invention
1s more complicated than respectively setting constant
limit wvalues, it does enable the lamp to be warmed up
1in optimum fashion as with the aid of test series that

have been carried out with the relevant lamp. Use is

made of the following as criteria therefor:

e Jeast possible damage to the electrodes, and

thus a maximum service life,

e short warm—-up phase, and

e stability of the plasma arc in the lamp.

There are several design ©possibilities for the

detection device:

In a simple design of the detection device, a time
measuring device measures the time that has elapsed
from the start of the warm-up phase. After a preset
time, the detection device outputs a signal to the
control device. The preset time is generally determined
by test series with the lamp to be operated. If the
lamp has not yet reached the desired power after the
preset time, the control device renders a higher limit

value effective. If the lamp has already reached the
desired power after the preset time, the control device
would certainly permit a higher lamp current, but the
regulation device sets a lamp current that vields the

desired power in conjunction with the arc voltage.
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A further design possibility for the detection device
consists in the detection device detecting the rise in
arc voltage. The faster the arc voltage rises, the
greater 1is the probability of the lamp making the
transition to the operating phase. As soon as a rilise 1n
the arc voltage 1s below a prescribed wvalue, the
detection device sends a signal to the control device.
The prescribed value for the rise in the arc voltage 1is
determined as a rule by means of test series with the
lamp to be operated. By comparison with the first
described design of the detection device, the second
design has the advantage that 1t can detect earlier
that a set limit value 1s too low, and can thus shorten

the warm—-up phase.

Illustrated in figure 2 by way of example is a diagram
that shows the dependence of the lamp current and the
lamp power on the arc voltage. Two cases with different
warm-up pehavior are illustrated, under the control of

two different characteristic curves.

The arc wvoltage UL 1in volts 1in specified on the

abscissa. The lamp current IL in amperes is specified
on the left-hand ordinate, and the lamp power PL in

watts 1s specified on the right-hand ordinate.

The dependence of the lamp current on the arc voltage
will be explained first. Starting at an arc voltage of
from g V up to approximately 17 V, a stored
characteristic curve A for the lamp current prescribes
a constant limit value of 2.5 A. This is described by

the characteristic curve segment between the points I1lA
and IZ2A. If the arc voltage at the point I2A rises
above a value of approximately 17 V, the limit wvalue
increases linearly up to 3.2 A until the arc voltage
reaches 23 V at the point I3A. The limit wvalue remains
constant at 3.2 A from 23 V to 30 V. Above an arc
voltage of 30 V, at the point I4A the limit wvalue is

once again taken back linearly down to a limit value of
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2.8 A at 32 V at the point I5A. The fact that the limit
value 1is exceeded in the range between 22 V and 32 V
serves to stabilize the plasma arc of the lamp.

If, when the point I5A is reached, the detection device

"has not yet sent a signal to the control device, the

characteristic curve A continues to remain valid.
Beyond the point I6A up to the point I7A between an arc
voltage of 32 V and 53.5 V, the 1limit value remains
constant at a value of 2.8 A. At the point I7A, a state

is reached in which the lamp adopts the desired power

of approximately 150 W. If the arc voltage continues to
rise, the lamp current 1s no longer determined by the
limit wvalue prescribed by the characteristic curve A,

but it follows the hyperbola for constant power that 1s

specified up to the point I8C for an arc voltage of
140 V.

High arc voltages are an 1indication of lamps that are
near the end of thelr service life. Consequently, the
operating devices under discussion mostly have a
prescribed threshold voltage for the arc voltage. The
operating device switches off 1f this threshold value

1s exceeded over a lengthy time.

The characteristic curve splits at the point I5A. In

the example according to figure 2, it 1is now assumed

that the detection device sends a signal to the control
device at the instant when the arc voltage has reached
the point I3A. A characteristic curve B 1is thereby

activated. In accordance with the characteristic curve

B, the limit value for an arc voltage of 32 V is 3.5 A,
for which reason there is a jump from the point IS5A to

the point I5B. In accordance with the characteristic
curve B, the limit value 1s 3.5 A irrespective of the
arc voltage. If the arc voltage continues to rise along
the characteristic curve B, it meets at approximately
43 V the hyperbola for constant power at the point I6B
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at which, as described above, the power regulation
pegins to be effective.

In the example shown, without a switchover at the point
I5A from the characteristic curve A to the
characteristic curve B the arc voltage would no longer
have risen substantially above 32 V. The lamp would not
have reached the hyperbola for constant power, and

would therefore not have reached the desired power.

The lamp power associated with the lamp currents at the
points for the characteristic curve A (I1A to I7A) is
shown by the points PlA to P7A. The points P5B and PGB
show the lamp powers at the corresponding points ISB
and IoB on the characteristic curve B. Once the lamp
current reaches the hyperbola for constant power, the

graph for the lamp power remains constant up to the
point P8C.

Filgure 3 illustrates an example of how the change in
the arc voltage with time is evaluated via the
detection device, and effects a change in the lamp

current via the control device.

Plotted on the abscissa is the change in thé arc
voltage with time, which is evaluated by the detection
device. Plotted on the ordinate is the change in lamp
current with time, which is effected by the control

device for the corresponding change in the arc voltage.

It 1s to be gathered from the example according to
figure 3 that in the warm-up phase the lamp current is
increased by 30 mA per second if the arc voltage does
not change. The lamp current 18 left at the
instantaneous value 1f the arc voltage incr‘eases Dy
1 volt per second. The lamp current is reduced by 30 mA

per second 1f the arc voltage is increased by 2 volts
per second.
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A linear relationship between the change in arc voltage
and the change in lamp voltage 1s prescribed 1in
figure 3, However, nonlinear and discontinuous
relationships are also conceivable.

If the arc voltage drops or rises more quickly than
2 volts per second, a maximum change of 30 mA per
second 1is prescribed, rising in the first case and
falling in the second case. Depending on lamp type and

application, the maximum change can differ from 30 mA
per second.
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Claims

operating device for operating gas discharge

lamps, having the following features:

a regulation device which 1s suitable for
regulating the power of connected gas discharge

lamps to a deslred power,

a setting device that is suitable for limiting
a lamp current of connected gas discharge lamps

to a limit wvalue,

characterized 1n that the operating device comprises

the foll

2 . The

owlng features:

a detection device designed to output a signal

to the control device 1f a limit wvalue setting

1s too low, 1in order to put a connected gas

discharge lamp 1into a state in which the lamp

assumes the desired power, and

a control device that prescribes the limit

value for the setting device and increases the

limit wvalue 1if the detection device sends a

signal to the control device.

operating device as claimed 1in claim 1,

characterized in that the control device detects an arc

voltage

via a measuring device and sets the limit value

g

as a function of the arc voltage by means of a stored

characteristic curve.

3. The

characte

further

signal f

operating device as claimed in claim 2,
rized 1n that the control device activates a

stored characteristic curve upon receiving a

rom the detection device.



10

15

20

29

30

35

CA 02465389 2004-04-28

- 16 -

4. The operating device as claimed 1n claim 1,
characterized in that the detection device includes a
time measuring device which sends a signal to the
control device after expiry of a prescribed time

following ignition of a connected gas discharge lamp.

5. The operating device as claimed in claim 1,
characterized in that the detection device detects the
rise in an arc voltage via a measuring device and sends

ol

a signal to the control device 1if the rise 1s below a

prescribed value.

0. The operating device as claimed in claim 1,
characterized in that after a signal 1s recelived from
the detection device the control device 1ncreases the

limit value by a prescribed value.

7. The operating device as claimed 1in claim 1,
characterized in that after a signal 1s received the
control device increases the limit wvalue continuously

to a higher limit value.

8 . The operating device as claimed 1in claim 1,

characterized in that functions of the setting device,

control device, detection device and regulation device
are executed by at least one microcontroller, these

functions being 1implemented at least partially by a

software program.

3. A method for operating gas discharge lamps that
comprises the followling steps:

e setting after 1ignition of the gas discharge

lamp a warm-up lamp current that is selected to

pe so low that electrodes of a connected gas

discharge lamp are not damaged;

¢ detecting whether the set warm-up lamp current

puts the gas discharge lamp 1into a state in
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which the gas discharge lamp assumes the

desired power; and

e raising the warm-up lamp current 1n the case
5 when it 1is detected that the set warm-up lamp
current does not suffice to put the (gas

discharge lamp into a state in which 1t assumes

the desired power.

10 10. The method as claimed in claim 9, characterized in

that the warm-up lamp current 1s set as a function of

an arc voltage, this dependence being adopted from a

stored characteristic curve.

15 11. The method as claimed in c¢laim 9, characterized 1in
that an 1ncrease 1n the warm-up lamp current 1is

achieved by switching over to a further stored

characteristic curve.

Smart & Biggar
Ottawa, Canada
Patent Agents
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