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(57) Abstract: The present invention relates
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to a lighting device, as well as to a lighting
system comprising such a lighting device and
an adjustable power source, and also relates
to a method of driving such a lighting system.
The lighting device comprises at least one
LED (1a, 1b), a control device that comprises
a measuring means (7, 9) to measure a
quantity that is indicative of an electrical
resistance of said LED at a predetermined
current or voltage, a power supply control
means (11) connected to said measuring
means (7, 9) and constructed to control an
adjustable electrical power supply (3a, 3b)

for driving the LED (la, 1b), said signal

O\ being based on said value of said quantity. The electrical resistance of a LED is functionally dependent of the LED’s junction
temperature, which in turn determines its optical output characteristics. Thus, by measuring the junction temperature indirectly,
through measuring of electrical LED characteristics, and mapping them to a temperature, LED output control is possible.
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METHOD FOR DRIVING A LED BASED LIGHTING DEVICE

The present invention relates to lighting systems with one or more LEDs, in
which the LEDs are controlled to compensate for temperature changes.

In particular, in a first aspect of the invention, the invention relates to a
lighting device, comprising at least one light emitting diode (LED), a control device that
comprises a measuring means constructed to determine a value of a quantity that is correlated
to operation of said LED, a power supply control means connected to said measuring means
and constructed to provide a control signal to an adjustable electrical power supply for
driving the LED, said signal being based on said value of said quantity as determined by said

measuring means.

Light emitting diodes, or LEDs, are in increasingly widespread use as a sour(;e
of light, due to their high efficacy and long life. A well-known problem with LEDs is,
however, that the intensity of the emitted light is strongly dependent of the temperature. In
general, at a higher temperature the intensity is lower.

This problem has been tackled in the prior art. E.g., document US 5,783,909
describes a circuit for maintaining the luminous intensity of an LED. The circuit comprises a
sensor for sensing changes in the luminous output or the operating temperature of the LED,
which sensor is coupled to a power supply. A predetermined temperature behavior model
may be pre-programmed into a chip for the power supply.

A problem of this circuit is that it does not offer optimum control over the

light as output by the LED.

An object of the present invention is to provide a lighting device of the kind
mentioned above, that allows an improved control over the light output of the LEDs.
The invention is thereto characterized in that said quantity is a quantity that is

indicative of an electrical resistance of said LED.
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The inventors have realized that it is control and/or knowledge of the
temperature of the active region, i.e. the junction region, of an LED which determines the
accuracy of control of the luminous output. For, when measuring luminous output instead, it
is rather difficult to shield ambient light, or light from other LEDs, and when measuring
temperature, it is always the temperature of either the working environment of the LED, or at
most the temperature of the full LED which is measured. However, the optical properties are
determined by the LED's junction, which may have a different temperature, due to a non-
homogeneous temperature of the LED.

Furthermore, the inventors realized that it is not necessary to measure junction
temperature directly, but that this is possible by measuring a directly correlated quantity, in
particular relating to the thermodynamics of charge carriers at the junction. For example the
V,I-characteristic of a pn-diode is characterized by:

V—-R -1

I=1I;-expl ————— |

s P( k, T )
where I is the current, I is the saturation current, V denotes the voltage, Rg s the series

resistance, T is the temperature and T is the temperature. For a LED with a more complex

structure than a simple pn-diode the relation for the V,I-characteristic will be more involved

" to, but for any particular LED, it is a function that is known or at least can be determined and

calibrated for.

For exampie, one measures the voltage of the LED at a given current and
compares it to the temperature dependent calibration measurement of (V,I) as a function of
Tjunction to conclude on the junction temperature. Such V.1 characteristic may also be called
the "resistance" of the junction, although it should be kept in mind that an LED is a non-
linear device, and the resistance, i.e. V/I, is itself a function of current I. Measuring said
resistance, or a quantity directly related thereto and indicative thereof, gives direct knowledge
of the temperature of the junction, either through previous calibration measurements or other
means of evaluating the junction temperature on the basis of the measured value.

Similarly, providing the evaluated junction temperature to the adjustable
power supply offers the possibility of control over the LED's junction, and thus over the
luminous output. Again, this may be achieved through previous calibration measurements or
other means.

Note that it is similarly possible to obtain direct knowledge of the junction's

temperature with this device, through mapping of the measured value of the quantity to a
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function that relates said quantity to said junction temperature. The junction temperature thus
found may be used in any desired application.

In a special embodiment, said quantity comprises an electrical current through
said LED at a predetermined measuring voltage across said LED, and/or a voltage across said
LED at a predetermined measuring current through said LED. In either way, two values are
obtained for the voltage across, and the current through the LED, respectively. By dividing
the former by the latter, the value of the resistance of the LED may be obtained, although
simply measuring the current or voltage at a predetermined measurement voltage or current,
respectively, suffices. Note that it is also possible to obtain the relevant values indirectly, e.g.
the current through the LED may be determined by determining a voltage across a resistor of
a known value, and dividing said voltage by said resistance value, etc. For the purpose of this
invention, any such measures, that provide direct or indirect knowledge of the resistance of
the LED are deemed equivalent.

In a particular embodiment, said measuring means comprises a measurement
voltage source for providing said predetermined measurement voltage, and/or a measurement

current source for providing said predetermined measuring current. This encompasses e.g. the -

situation that one or more separate voltage and/or current sources are provided. Another

possibility is the situation that an external and optional electrical power supply, that is
connected for driving the LED, may be controllable by the device of the invention, et cetera.

In a particular embodiment, said predetermined measurement voltage is
smaller than a forward driving voltage of said LED, or said predetermined measurement
current is smaller than a forward driving current of said LED. Herein, forward relates to a
direction of the current being in a direction of conductivity of the LED, so not the so-called
reverse direction. Here is meant a voltage in forward direction, that causes a current through
the -ED which is less than half of the lowest driving current as provided to the LED by the
power supply in active mode, or similarly a current in forward direction, that causes a voltage
across the LED (or junction) that is less than a diode voltage drop in active mode. An
advantage of measuring resistance or related quantities such as voltage or current in these
circumstances is that the self heating of the junction is reduced. Thus the calibration accuracy
can be high without the need for high speed measurement circuitry. In addition the reduced
LED current gives less light and reduces light artefacts during measurements for the phases
in which the LED is supposed to be dark. Another advantage of measuring resistance or
related quantities such as voltage or current in small-signal circumstances is that the

resistance of the LED's junction, and thus of the LED, is much higher than in active mode.
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Active mode relates to any practical light emitting situation, since in the small-signal
situation as discussed here, the LED emits hardly any optical energy. ”

In a special embodiment, the control device compﬁses a switch for selectibly
connecting said LED to said measuring means. This relates to the device having a switch
with two positions. In one position, the LED is connected to the measuring means, and e.g. to
a separate measurement voltage source or measurement current source, while in a second
position, the LED is connected or connectable to an electrical power supply for driving the
LED in active mode. This measure provides the advantage that a separate measurement
voltage or current source may be supplied, which is designed for better performance when
measuring, while the electrical power supply for driving the LED in active mode may be
designed for better performance when driving the LED in active mode, for lower cost or any
other reason. For example, the measuring voltage source may be a simple supply that is non-
adjustable but highly precise, while the (larger) electrical power supply is adjustable, and e.g.
less precise. The switch allows switching between the two power sources.

In an advantageous embodiment, the control device comiprises an information

retrieval means, that contains information on the control signal as a function of the measured

-value of said quantity, and in particular, the information retrieval means comprises a look-up

table. The information contained in the information retrieval means is thus available for = -
controlling the adjustable power supply, such that the lighting device may work
autonomously. Altemativels}, the measurement signal may be used by e.g. an external
operator for adjusting an electrical power supply that is connectable to the LED or LEDs. The
information retrieval means may be embodied as a look-up table, or alternatively as any
circuitry, computer device, etc. with similar functionality, such that an input value of the
measured quantity is returned as another value or a signal for controlling an electrical power
supply for driving the LED.

In a special form, the lighting device comprises at least two LEDs, wherein
said value of said quantity is selectibly measurable by said control device, in particular by
said measuring device, for each of the at least two LEDs. In particular, each of the at least
two LEDs is individually drivable by an adjustable electrical power supply on the basis of
said measured value of said quantity for said LED. These measures allow separate control
over at least two, and advantageously over all LEDs. This offers in turn the possibility of
very homogeneous lighting, in that at least two LEDs, and advantageously every LED, may
be individually adjusted.
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Furthermore, knowledge of the junction temperature of the LEDs allows
specific correction of color or color temperature, since the behavior of every type of LED is
known or may be known after calibration. When e.g. a different illumination level has to be
set, the effect of increased input power will effect the LED temperature and thereby the
contribution of the different color LEDs to the total illumination. This can be corrected for
individually by monitoring the junction temperature of each LED device or each number of
LEDs of a given color. The invention allows for the correction of the temperature effect at a
given current level that can be used in a pulsed driving mode like PWM for example.

In a second aspect of the invention, there is provided a lighting system
comprising a lighting device according to the invention, and an adjustable electrical power
supply connected to a LED of said lighting device, for supplying electrical energy to drive
said LED. This relates to the case wherein the lighting device according to the invention is
already connected to its own power supply for driving the one or more LEDs, and may thus
serve as a stand-alone system. E.g., the adjustable electrical power supply may comprise a
battery or other supply with circuitry for setting a desired driving voltage or driving current
for the LED or LEDs. The adjustable power supply may be exchangeable, either completely
or partly, e.g. leaving the above mentioned circuitry in its place.

In a special embodiment of the lighting system, the adjustable electrical power
supply is further able to provide a predetermined measuring voltage across said LED, and/or
a predetermined measuring current through said LED, wherein said predetermined -
measurement voltage is smaller than a forward driving voltage of said LED, or said
predetermined measurement current is smaller than a forward driving current of said LED.
Thereto, the adjustable electrical power supply may comprise e.g. a switch to switch between
a position in which the power supply supplies the predetermined measuring voltage or
measuring current, and a position in which the power supply supplies the driving current and
or driving voltage to the LED(s), or the adjustable power supply comprises a separate supply
to such end, etc.

In a third aspect, the invention relates to a method of driving a lighting system
according to the invention, the method comprising setting said adjustable electrical power
supply to a desired operating condition for at least said LED, measuring a value of a quantity
that is indicative of an electrical resistance of said LED, determining a new operating
condition of said LED, based on said measured value, and adjusting said adjustable electrical
power supply to said new operating condition. This is a general method of operating the

inventive lighting system. In principle, this method may be used by an operator, to set the



10

15

20

25

30

WO 2006/043232 PCT/IB2005/053401

6

driving current and/or voltage for a LED on the basis of a measured value of the LED's
resistance. However, advantageously, the method is automated in a lighting system according
to the invention.

In a special embodiment of the method, measuring said value comprises
measuring of an electrical current through said LED at a predetermined measuring voltage
across said LED, and/or measuring of a voltage across said LED at a predetermined
measuring current through said LED. By offering the possibility of measuring at a
predetermined measuring voltage or measuring current, which may differ from the (variable)
driving voltage and/or driving current of the LED, a higher precision may be obtained, since
said predetermined measuring current and/or voltage may be selected such that a desired
accuracy may be obtained, independent of the driving current or voltage.

In particular, said predetermined measuring voltage is smaller than a voltage
across said LED in an operating condition of said LED, and/or said predetermined measuring
current is smaller than a current through said LED in an operating condition of said LED. For
reasons as explained above, selecting a small measuring voltage and/or measuring current
allows generally a higher precision, since under those conditions, the resistance of the LED is

higher and may be determined more precisely.

The invention will now be elucidated further, with referral to the drawings, in
which non-limiting embodiments of the invention are depicted, and in which:

Fig. 1 schematically illustrates the dependence of light output on junction
temperature for a number of LED types;

Fig. 2 schematically shows an embodiment of a lighting system according to
the invention;

Fig. 3 schematically shows a time sequence for measuring and driving an
LED, according to a method of the invention; and

Fig. 4 schematically shows LV characteristics for a LED at different junction

temperatures.

In Fig. 1, the diagram schematically shows the relative light output L] , in

arbitrary units, as a function of junction temperature, for four different color LEDs, in this

case blue (solid line), green (dashed line), red (dotted line) and amber (dot-and-dash line). It
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is clearly visible that even a small temperature variation causes a large shift in optical output,
which has to be compensated e.g. by adjusting the power to the LED. Note further that the
temperature dependence differs for LEDs of different colors. This means that, when different
LEDs are used to mix colors, a color shift will occur when the junction temperature shifts.
For the example shown, an increase of junction temperature lowers the amber and red
contribution much more than the blue and green contribution, thus causing a shift to "cooler"
colors.

By means of the invention, knowledge about the junction temperature may be
obtained, through measurement of junction resistance or a related quantity. This allows
individual correction of the LEDs, and thus correction of color shift.

Fig. 2 schematically shows an embodiment of a lighting system according to
the invention. Herein, 1a, 1b, ..., are light emitting diodes or LEDs, while adjustable current
sources are denoted 3a, 3b, ... . Switching devices 5a, 5b, ..., can switch the electrical
connection of an LED to a measurement voltage source 7 and current meter 9, which is
coupled to a control unit 11, which in turn is coupled to the adjustable current sources 3a, 3b,
... Note that this measurement is done for one LED at a time. Advantageously, one LED is
measured while all other LEDs, if any are present, are switched off or are at least electrically
decoupled from said LED. Multiple measuring circuits are possible, each decoupled from the
other LEDs.

As an alternative, instead of a measurement current source, a measurement
voltage source, that provides a predetermined voltage across the LED, may be used. Herein, a
current through the LED is measured by a current meter, instead of the voltage meter.

A third embodiment, not shown here, comprises a driving current source that
can be set to a measurement current for the measurement phase and with a switch that allows
for monitoring the voltage across the LED.

In Fig. 2, there are shown two LEDs 1a and 1b. It should be noted that any
number of LEDs is possible, such as only one LED, but also three or more, for example for
mixing colors. In the latter case, it is possible to use for example red, green and blue LEDs,
each color receiving its own power, or even each LED receiving its individual electrical
power.

In all systems also a series connection of LEDs is possible, especially if the
LEDs are of the same kind. The voltage could be measured across one LED exemplarily or
also over all LEDs in series, thereby averaging the temperatures of the multiple devices.

Individual measurements provide better accuracy, but are more complex.
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LED 1b receives electrical power from a current source 3b, since switching
device 5b connects the two parts. Current source 3b is adjustable, in order to be able to adjust
the optical output of the corresponding LED 1b. Current sources 3a, 3b, ..., are shown as
separate sources, although it is likewise possible to provide one current source which is able
to power all desired LEDs with a desired current, e.g. through a voltage divider. Note that it
would also be possible to supply electrical power to the LEDs by means of an adjustable
voltage source.

Contrarily, with the switching device 5a as shown here,\the LED lareceives a
measuring voltage from measuring voltage source 7. This source 7 supplies a measuring
voltage Vm to the LED la, which causes a measuring current Im to flow through the LED,
which current is dependent on Vm and/or the temperature of the junction of the LED. Once
Im is given only one of the parameters Vm or T represents a further independent variable.
The current is measured with a current meter 9. On the basis of the voltage Vm, which is
known, and the measured cqrrent, the resistance of the LED, and in particular the junction
temperature thereof, may be derived.

The value of the current, or of the resistance, which is in principle
corresponding information, is supplied to a control unit 11, depicted only schematically. The
control unit may contain information on the dependence on temperature of either the
resistance of the LED, or junction, or directly related a quantity such as current through the
LED or voltage across the LED. Thereto, the control unit may e.g. comprise a look-up table,
or similar circuitry, or may comprise or be connected to a computer or other digital or
analogue device that is able to store and provide the relevant data. When the control unit 11
receives a value of a measured current, resistance or voltage, as the case may be, the control
unit is able to provide a control unit that will set the correct current, or corresponding voltage,
for the relevant LED or LEDs. In this case, measuring of LED 1la will result in the control
unit 11 setting current source 3a. Of course, control unit 11 will also be able to control the
switching devices 5a, 5b, etc. in order to selectibly measure a desired LED.

A method of measuring and controlling the LEDs will be elucidated in
connection with Fig. 3, which schematically shows a time sequence for measuring and
driving an LED, according to a method of the invention.

In the diagram, the current I(LED) through the LED is plotted as a function of
time t. Initially, i.e. at t <tl, the I(LED) is equal to Iy, a normal driving current at which the

LED gives a desirable output. This current Ip; is a current which is often, but not necessarily,

larger than the "knee current", or current at the knee voltage of the LED. The knee voltage is,
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in a linear scale I-V plot, the voltage of the "bend" of the curve, and a kind of lower limit of
the forward voltage drop over the LED in any practically useful situation.

At t =11, the switching device relating to the relevant electrode switches to a
measuring position, in which the measuring voltage sources applies a measuring voltage to
the LED, resulting in a new current Im to flow through the LED. This current Im is
measured. The measurement takes place between time t1 and 12, in order to obtain a reliable
value. On the basis of the measured value of Im, and the known value of the measuring
voltage, a new value for the current I(LED) is determined by the control unit to be Iy,. This
may be brought about e.g. by mapping the current value Im to a junction temperature and
subsequently to a value for I(Led) that gives the desired new optical output, by mapping the
Im directly to a desired I(LED), etc. As soon as the desired value for Iy has been determined,
it is set by the control unit, at a time t3.

Note that in the case shown, the new I(LED) is set only some time after
determination of the measuring current Im. During the time between t2 and 3, it is e.g.
possible to have zero current through the LED, to maintain the measuring current Im until

such time that the new I(LED) = Iy;; may be set, or, preferably, to supply again the original

I(LED), i.e. I1, until the time t3 when Iy may be set. The latter measure ensures that the
LED may provide output during said timé, even when not necessarily the optimum output. Of
course, the switching deyice reconnects the LED to the adjustable current source at.a -
corresponding point in time, such as immediately after determining Im, or only at the time of
setting the new I(LED) = Iy;.

It can be seen in Figure 3 that the measuring current Im is preferably smaller
than the normal driving currents Iy; and Iy and the like. Although this is not necessary, a
smaller measuring current means that the diode has a higher resistance, which can be
measured more precisely.

It is remarked here that the LED control method and system according to the
invention require that normal driving of the LED is interrupted. However, in practice a LED
is seldom driven continuously, but rather intermittently. It is convenient to measure the LED
and calculate a new current in such times of inactivity. However, even in cases in which the
LED is driven for a time period that is longer than the desired interval for checking the LED,
it is no problem to interrupt operating the LED for a short time, in order to measure the LED

and if necessary adjust the I(LED). Most applications do not need a continuous operation of
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the LED, and interrupting operation of the LED has hardly if any influence on the life span of
the LED.

An alternative way of controlling the LED's output, in case the LED is driven
by a pulsed current source, would be to change the pulse width and/or frequency, in other
words the average electrical power supplied tot the LED. For example, at a certain current
level and pulse width and-frequency, a LED has a certain output. If the junction temperature
changes, the output also changes, according to a known function. By measuring the
temperature change according to the invention, a new input power level can be set in order to
obtain the required LED output level. This embodiment, with an adjustable pulsed electrical
power source, has an advantage in that other LED characteristics that may be dependent on
the absolute level of the current do not change.

In cases where continuous operation of the LED is necessary, it is still possible
to apply the control method and system according to the invention. Thereto, it is for example
possible to measure the resistance of the LED while in the operative condition. This may be
brought about by determining the current through the LED with knowledge of the voltage
across the LED. In other words, in practice this comes down to measuring the voltage drop
across the LED when the known current I(LED) is supplied to the LED. Note tflat in most
cases this requires a much more precise determination of the resistance, i.e. of the voltage,
since in a practical operative condition, the LED has a much smaller resistance than in a
condition as described above.

Figure 4 schematically shows I,V characteristics of an example of a LED at
certain junction temperatures. An actual junction temperature may be based on these curves,

for example by interpolating a measured current at a predetermined voltage, or vice versa.
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CLAIMS:

1. Lighting device, comprising
- at least one light emitting diode (LED) (1a, 1b),
- a control device that comprises:

- a measuring means (7, 9) constructed to determine a value of a quantity that
is correlated to operation of said LED (la, 1b),

- a power supply control means (11) connected to said measuring means (7, 9)
and constructed to provide a control signal to an adjustable electrical power
supply (3a, 3b) for driving the LED (1a, 1b), said signal being based on said
value of said quantity as determined by said measuring means,

wherein said quantity is a quantity that is indicative of an electrical resistance of said LED -

(1a, 1b).

2. The lighting device of claim 1, wherein said quantity comprises an electrical
current through said LED (1a, 1b) at a predetermined measuring voltage across said LED,

and/or a voltage across said LED at a predetermined measuring current through said LED.

3. The lighting device according to claim 2, wherein said measuring means
comprises a measurement voltage source (7) for providing said predetermined measurement
voltage, and/or a measurement current source for providing said predetermined measuring

current.

4. The lighting device according to claim 2 or 3, wherein said predetermined
measurement voltage is smaller than a forward driving voltage of said LED (la, 1b), or said

predetermined measurement current is smaller than a forward driving current of said LED.

5. The lighting device according any of the preceding claims, wherein the control
device comprises a switch (5a, 5b) for selectibly connecting said LED (1a, 1b) to said

measuring means (7, 9).



10

15

20

25

30

WO 2006/043232 PCT/IB2005/053401

12
6. The lighting device according to any preceding claim, wherein the control
device (11) comprises an information retrieval means, that contains information on the

control signal as a function of the measured value of said quantity.

7. The lighting device of claim 6, wherein the information retrieval means

comprises a look-up table.

8. The lighting device of any preceding claim, comprising at least two LEDs (1a,
1b), wherein said value of said quantity is selectibly measurable by said control device for

each of the at least two LEDs.

0. The lighting device of claim 8, wherein each of the at least two LEDs (1a, 1b)
is individually drivable by an adjustable electrical power supply (3a, 3b) on the basis of said

measured value of said quantity for said LED.

10. A lighting system, comprising a lighting device according to one of the
preceding claims, and an adjustable electrical power supply (3a, 3b) connected to a LED (la,

1b) of said lighting device, for supplying electrical energy to drive said LED.

11. The lighting system of claim 10, wherein the adjustable electrical power
supply (3a, 3b) is further able to provide a predetermined measuring voltage across said LED
(1a, 1b), and/or a predetermined measuring current through said LED, wherein said
predetermined measurement voltage is smaller than a forward driving voltage of said LED, or
said predetermined measurement current is smaller than a forward driving current of said

LED.

12. A method of driving a lighting system according to any of claims 10-11,

the method comprising:

- setting said adjustable electrical power supply (3a, 3b) to a desired operating condition for
at least said LED (1a, 1b);

- measuring a value of a quantity that is indicative of an electrical resistance of said LED;

- determining a new operating condition of said LED, based on said measured value; and

- adjusting said adjustable electrical power supply (3a, 3b) to said new operating condition.
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13. The method of claim 12, wherein measuring said value comprises measuring
of an electrical current through said LED (1a, 1b) at a predetermined measuring voltage
across said LED, and/or measuring of a voltage across said LED at a predetermined

measuring current through said LED.

14. The method of claim or 13, wherein said predetermined measuring voltage is
smaller than a voltage across said LED (la, 1b) in an operating condition of said LED, and/or
said predetermined measuring current is smaller than a current through said LED in an

operating condition of said LED.



WO 2006/043232 PCT/IB2005/053401

1/2

200%

T 100%

Lrel.

O% } + + + + + +
-20 20 60 100

Tilc ] —




WO 2006/043232 PCT/IB2005/053401

2/2

I bt
X Ibz/‘

[ (LED) —»
\I

-t
—
=
\}
Ll
w

-1G. 3 e

0,75

0,50

ITA]

0,25

0,00
2,0




Intergaional Application No

|NERNATIONAL SEARCH REPORT
PCT71B2005/053401

CLASSIFICATION OF SUBJECT MATTER
i H05833)68

According to International Patent Classification (IPC) orto both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbaols)

HO5B

Documentation searched other than minimum documentation to the exient that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2003/117087 Al (BARTH ALEXANDER ET AL) 1,10,12
26 June 2003 (2003-06-26)
A paragraphs ‘0007! - €0010!; figures 2-9,11,
13,14
X US 6 466 188 B1 (CATO ROBERT THOMAS) 1,10,12
15 October 2002 (2002-10-15)
A figures 5,6 2-9,11,
13,14
X EP 1 113 708 A (STMICROELECTRONICS, INC) 1,10,12
4 July 2001 (2001-07-04)
A figure 1 29,11,
13,14
A US 2004/041526 A1l (VOLLRATH EDMUND) 1-14
4 March 2004 (2004-03-04)
paragraph °‘0047!

D Further documents are listed in the continuafion of box C. Patent family members are listed in annex.

° Special categories of cited documents :
P g *T* [ater document published after the international filing date

or priority date and not in conflict with the application but

*A* document defining the general state of the art which is not - iy i
considered to be of particular relevance ﬁ::fec:] {ﬁ) :lmderstand the principle or theory underlying the
"E" earlier document but published on or afterthe international “x* document of particular relevange; the claimed invention
filing date cannot be considered novel or cannot be considered to
L docurr;]ent whié:h may iglrohw cr!]oubti Ion priority clafim(s) r(])r involve an inventive step when the document is taken alone
which Is clted to establish the publication date of another *y* document of particular relevance; the claimed invention
citation or other special reason (as specified) cannot be considered to involve an inventive step when the
** document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu-
other means menls, such combination being obvious to a person skilled
*P* document published prior to the International filing date but in the art.
later than the priority date claimed *&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
15 December 2005 27/12/2005
Name and mailing address of the ISA Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL — 2280 HV Rijswijk

Tel. (+31-70) 340-2040, Tx. 31 651 epo nl, s

Fax: (+31-70) 340-3016 Maicas, J

Form PCT/ISA/210 (second sheet) (January 2004)



INTERNATIONAL SEARCH REPORT

formation on patent family members

Inter

PCTY1B2005/053401

ional Application No

Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2003117087 Al 26-06-2003 AT 278311 T 15-10-2004
AU 5620701 A 24-09-2001
DE 10013215 Al 20-09-2001
Wo 0169980 Al 20-09-2001
EP 1273209 Al 08-01-2003

US 6466188 Bl 15-10-2002  NONE

EP 1113708 A 04-07-2001 US 6362578 Bl 26-03-2002
US 2003025465 Al 06-02-2003

US 2004041526 Al 04-03-2004 AT 301386 T 15-08-2005
AU 6394101 A 03-12-2001
CN 1440631 A 03-09-2003
DE 10025821 Al 25-07-2002
Wo 0191521 Al 29-11-2001
EP 1300053 Al 09-04-2003

Form PCT/ISA/210 (patent family annex) {January 2004)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

