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Method for regulating a light source of a photolithography exposure system and exposure assembly
for a photolithography device.

@ The invention relates to a method for regulating a light source of a photolithography exposure system which
comprises a plurality of LEDs, by means of the following steps: the light output of the individual LEDs is detected,
and the detected light output is compared with a desired light output distribution. The LEDs are operated such that
the desired light output distribution is achieved in the most precise manner possible. The invention also relates to
an exposure assembly for a photolithography device, having a light source which comprises a plurality of LEDs, a
control means which controls the electrical power supplied to the individual LEDs, and a sensor which can detect
the light output of the LEDs.

Dit octrooi is verleend ongeacht het bijgevoegde resultaat van het onderzoek naar de stand van de
techniek en schriftelijke opinie. Het octrooischrift komt overeen met de oorspronkelijk ingediende
stukken.
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Title: Method for regulating a light source of a photolithography exposure system

and exposure assembly for a photolithography device

The invention relates to a method for regulating a light source of a
photolithography exposure system and to an exposure assembly for a
photolithography device.

A photolithography device is used in the production of three-
dimensional structures on semiconductor chips. It is used to expose a photoresist
(also called "resist") applied to a semiconductor chip ("wafer") to light in a desired
manner. Thus the image of a mask is projected onto the photoresist which is
exposed to light differently by reason of the casting of a shadow. The exposure
causes the photoresist to change its physical and/or chemical properties so it can
subsequently be removed e.g. in a selective manner.

The light used to expose the photoresist is provided by a light
source which comprises a plurality of LEDs. Thus different LEDs can be used which
provide light with different specific wavelengths (or wavelength ranges).

However, it has proved to be the case that the LEDs age differently
depending on the wavelength of the light they provide. The result of this is that the
distribution of the light output provided by the light source over the spectrum
changes over time. Therefore, the exposure result in the photoresist changes
depending on the age of the LED light source, i.e. with the age of the exposure
assembly.

It is the object of the invention to ensure that the spectrum of the
exposure assembly, i.e. the intensity distribution of the different wavelengths of the
exposure assembly, is kept constant over time.

In order to achieve this object a method is provided in accordance
with the invention for regulating a light source of a photolithography exposure system
which comprises a plurality of LEDs, wherein the following steps are provided: the
light output of the individual LEDs is detected. The detected light output is compared
with a desired light output distribution. The LEDs are operated such that the desired
light output distribution is achieved in the most precise manner possible. In order to
achieve this object, an exposure assembly for a photolithography device is also

provided, having a light source which comprises a plurality of LEDs, a control means
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which controls the electrical power supplied to the individual LEDs, and a light
sensor which can detect the light output of the LEDs. The invention is based on the
basic idea of detecting a possible decrease in output of the LED (or LEDs) which
provide(s) light of a specific wavelength (or of a specific wavelength range), and to
regulate the LEDs as a whole such that the portion of the overall light output which is
provided by the different LEDs corresponds to a preset ratio as good as possible.

Provision is preferably made for the light output of more powerful
LEDs to be adapted to the light output of the weakest LED. Expressed simply, the
weakest LED is used as a reference, and the stronger LEDs are dimmed in terms of
their light output such that the light output provided as a whole corresponds as
precisely as possible to the desired distribution with respect to the distribution of the
output at the different wavelengths or wavelength ranges.

In accordance with one embodiment of the invention provision is
made for the light output to be measured by means of a spectrally selective sensor.
"Spectrally selective" means that the sensor outputs a signal which assigns a
measured light output to a specific part of the spectrum, i.e. to a wavelength or
wavelength range. Thus in practice the spectrally selective sensor can be formed
from a plurality of sub-sensors which are each allocated to a specific wavelength or a
specific wavelength range.

In accordance with an alternative embodiment of the invention
provision is made for the LEDs to be switched on one after another and for the light
output to be measured by means of a broadband sensor. The broadband sensor is
distinguished from a spectrally selective sensor by lower costs. However, the
broadband sensor is not able to allocate the measured light output to individual
wavelengths or wavelength ranges. This is compensated for by the fact that the
LEDs are switched on one after the other. Therefore, in dependence upon the LED
which is either switched on first or is then added in, the control means can recognise
which light output originates from the corresponding LED. After a corresponding
comparison, the broadband sensor can also be used to determine the exposure
intensity, this being achievable with a spectrometer only in a very laborious manner.

In accordance with one embodiment of the invention provision is
made for the sensor to be integrated into the light source. This makes it possible to
detect the light output during operation of the photolithography device, in particular

during an exposure process.
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It is also possible for the sensor to be disposed on a lens of the
photolithography device. If the light is detected e.g. in front of the front lens or even
in the integrator, the light already mixed by the exposure lens is detected, i.e. the
light which falls on the wafer. The result of this detection is thus more representative.

In order to prevent the measurement impairing the exposure of the
wafer, provision can be made for the light output of the exposure device to be
measured in a calibration step, e.g. directly in the exposure plane. For this purpose,
e.g. a movable sensor can be used which is temporarily introduced in the light path.
The sensor can be a calibrated one.

In accordance with one embodiment of the invention provision is
made for the heating characteristic of the individual LEDs to be measured. For this
purpose, the control means is preferably provided with a memory for storing a
heating characteristic of the LEDs. This makes it possible to compensate for the non-
linear progression of the light output when the LEDs are operated at constant power.
It is also possible to operate the LEDs with regulated power. In this way, when a
spectrally selective sensor is used, the power can be regulated "in real time" such
that the individual LEDs provide the light output desired for each wavelength or each
wavelength range. If a broadband sensor is used, the power of the individual LEDs
can be regulated corresponding to the stored switch-on characteristics, such that the
most constant light output possible is achieved for the individual wavelengths or
wavelength ranges.

In accordance with one embodiment of the invention provision is
made that the ageing of the LEDs is compared with stored typical ageing
characteristics. For this purpose, provision is preferably made for the control means
to have a memory for storing ageing characteristics of the LEDs. This makes it
possible for a user to be informed early if the light output of the LEDs reaches a
critical value. For example, with the aid of the usual ageing characteristics, a user
can be informed at what time an exchange of the light source (or individual LEDs of
the light source) is likely to be necessary.

Provision can also be made for the light output of the LEDs to be
compared with a preset minimum light output. In this case it is also possible to inform
a user when the light output of the LEDs reaches a critical value and so the light
source (or individual LEDs of the light source) can be changed before the operation

of the photolithography device is impaired.
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The invention will be described hereinafter with the aid of two

embodiments which are illustrated in the attached drawings in which:
- Figure 1 schematically shows a photolithography device in
accordance with a first embodiment; and
- Figure 2 schematically shows a photolithography device in
accordance with a second embodiment.

Figure 1 shows a substrate 10 ("wafer") which is coated with a
photoresist 12 (also called "resist"). The substrate can consist of a semiconductor
material.

The photoresist 12 is to be exposed to light through a mask 14. The
light issues from a light source 16 shown schematically herein, from which it falls
onto the wafer 10 via a lens 18 likewise shown schematically.

The light source 16 comprises a plurality of LEDs 18, 20, 22 which
are each assigned to a wavelength or wavelength range. For example, the LEDs 18,
20, 22 can each provide light which corresponds to one of the three Hg-wavelengths
of the conventional mercury-vapour lamps. The LEDs 18, 20, 22 are generally UV-
LEDs.

In so far as an LED is stated herein to be assigned to a wavelength
or a wavelength range, this "one" LED can in practice consist of a plurality of LEDs.
Thus a plurality of LEDs 18 can be provided which provide light in a first wavelength
or a first wavelength range, and a plurality of LEDs 20 which provide light in a
second wavelength or a second wavelength range, and a plurality of LEDs 22 which
provide light in a third wavelength or a third wavelength range. In a deviation from
the illustrated embodiment it is also possible for the light source 16 to comprise only
two LEDs (or groups of LEDs) which provide light in a first wavelength and a second
wavelength (or a first wavelength range and a second wavelength range), but also
more than three LEDs or groups of LEDs with correspondingly more than three
wavelengths or wavelength ranges.

The light source 16 is assigned a sensor 24 which can detect the
light output provided. The illustrated exemplified embodiment is a spectrally selective
sensor, with which the light output of the individual wavelengths or wavelength
ranges of the LEDs 18, 20, 22 can be directly detected.

The sensor 24 is connected to a control means 26 and so the

information relating to the light output for the individual wavelengths or wavelength
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ranges is available to the control means. The control means 26 in turn activates the
individual LEDs 18, 20, 22 and thus provides in particular the operating voltage and
the operating current.

A desired light output distribution for the light provided by the light
source 16 is stored in the control means 26. Expressed simply, the control means 26
stores which portion of the light output is to be provided in which range of the
spectrum. As an example it is assumed hereunder that the overall light output
provided by the light source 16 is to be provided in a proportion of one third in the
spectrum of the LED 18, one third in the spectrum of the LED 20 and one third in the
spectrum of the LED 22.

When the light source 16 is being operated, the control means can
detect via the sensor 24 which light output is actually provided in the three
wavelengths or wavelength ranges. The control means 26 can regulate the electrical
power of the LEDs 18, 20, 22 such that the desired light output distribution is
achieved.

When, by reason of ageing or other changes, an LED no longer
achieves the desired light output, this is detected by the control means 26. The
control means 26 can then correspondingly regulate the electrical power supplied to
the remaining LEDs and so the desired distribution of the light output (but then at a
lower intensity level) is achieved. When, e.g. the LED 18 can supply only 90% of the
light output in its wavelength or its wavelength range, the LEDs 20, 22 can be
dimmed such that the overall light output over the spectrum originates again at a
proportion of one third from LED 18, one third from LED 20 and one third from LED
22.

In one embodiment variation, the sensor 24 is not a spectrally
selective sensor but a broadband sensor. This sensor merely provides information
over the light output provided as a whole; it is not able to assign this information to
different wavelengths.

In order also to obtain information from such a sensor as to how the
light output is distributed over the whole spectrum, the control means 26 switches
the individual LEDs 18, 20, 22 on one after another. In this way the light output
provided for each wavelength or each wavelength range can be measured as the
difference between the light output in the previous state and the light output in the

current state.



10

15

20

25

30

6

With the sensor 24 it is also possible to measure the heating
characteristic of the individual LEDs and to store it in a memory 28 which is provided
in the control means 26 to store the heating characteristic. In this way it is possible
e.g. in a separate calibration step to detect the heating characteristic of each LED
individually over a longer period of time until a constant light output is set. If then,
later in operation, the individual light outputs are to be detected, the LEDs 18, 20, 22
can be switched on comparatively shortly one after another, namely in each case
when the previous LED has passed through a part of its heating curve which is
characteristic in so far as it is possible to draw a conclusion therefrom as to the light
output provided later.

It is also possible in this embodiment to operate the LEDs 18, 20, 22
in each case with a constant power which has been suitably adapted under
consideration of the heating characteristic in order to achieve the desired light output
distribution in the most precise manner possible.

Figure 2 shows a second embodiment. For the components known
from the first embodiment the same reference signs are used and reference is made
in this respect to the explanations given above.

The difference between the first and the second embodiment is that
in the second embodiment the sensor 24 is not assigned to the light source 18 but is
disposed behind the lens 18. This means that the sensor 24 detects the mixed light,
i.e. the light which falls on the wafer 10. The information about the distribution of the
light output of the LEDs 18, 20, 22 is thus more precise since all the influences in the
region of the light path to the sensor 24 are considered.

The sensor 24 is either disposed at a suitable location at which it
does not disrupt the exposure of the photoresist 12. In this case, measuring can be
carried out during exposure.

Alternatively, it is possible for the sensor 24 to be movable and to be
brought into the light path for the purpose of calibration (i.e. outside an exposure
process). Alternatively, it is possible for this purpose also to use a sensor calibrated
according to a recognised standard in order, in addition to the spectral distribution,
also to determine the absolute intensities of the individual light sources or the sum of
different light sources. After the light output distribution has been determined, the
LEDs 18, 20, 22 can be operated with suitable output in one or a plurality of

subsequent exposure processes. A new calibration process can then be triggered if
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the control means 26 deems this to be expedient. At this juncture, it is possible to
refer to the ageing characteristic of the LEDs, which can be stored in a memory 30 of

the control means 26.
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CONCLUSIES

1. Werkwijze voor het sturen van een lichtbron (16) van een fotolithografie-
belichtingssysteem, welke meerdere LEDs (18, 20, 22) bezit, door middel van de
volgende stappen:

- de lichtopbrengst van de afzonderlijke LEDs (18, 20, 22) wordt
geregistreerd;

- de geregistreerde lichtopbrengst wordt met een gewenste
lichtopbrengstverdeling vergeleken;

- de LEDs (18, 20, 22) worden zodanig gestuurd, dat de gewenste
lichtopbrengstverdeling zo nauwkeurig mogelijk wordt bereikt.
2. Werkwijze volgens conclusie 1, met het kenmerk, dat de lichtopbrengst van
krachtigere LEDs (18, 20, 22) aan de lichtopbrengst van de minst krachtige LED (18, 20,
22) wordt aangepast.
3. Werkwijze volgens conclusie 1 of conclusie 2, met het kenmerk, dat de
lichtopbrengst door middel van een spectraal selectieve sensor (24) wordt gemeten.
4. Werkwijze volgens een van de conclusies 1 en 2, met het kenmerk, dat de
LEDs (18, 20, 22) achter elkaar worden ingeschakeld en dat de lichtopbrengst door
middel van een breedbandsensor (24) wordt gemeten.
5. Werkwijze volgens een van de voorgaande conclusies, met het kenmerk,
dat de lichtopbrengst van de LEDs (18, 20, 22) in een kalibratiestap wordt gemeten.
6. Werkwijze volgens een van de voorgaande conclusies, met het kenmerk,
dat de opwarmkarakteristiek van de afzonderlijke LEDs (18, 20, 22) wordt gemeten.
7. Werkwijze volgens een van de voorgaande conclusies, met het kenmerk,
dat de LEDs (18, 20, 22) met een constante stroom worden gestuurd.
8. Werkwijze volgens een van de conclusies 1 tot en met 6, met het kenmerk,
dat de LEDs (18, 20, 22) met een geregelde stroom worden gestuurd.
9. Werkwijze volgens een van de voorgaande conclusies, met het kenmerk,
dat de veroudering van de LEDs (18, 20, 22) met opgeslagen, typische verouderings-
karakteristieken wordt vergeleken.
10. Werkwijze volgens een van de voorgaande conclusies, met het kenmerk,
dat de lichtopbrengst van de LEDs (18, 20, 22) met een vooraf bepaalde minimum

lichtopbrengst wordt vergeleken.
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11. Werkwijze volgens een van de conclusies 9 en 10, met het kenmerk, dat
een gebruiker wordt geinformeerd wanneer de lichtopbrengst van de LEDs (18, 20, 22)
een kritieke waarde bereikt.

12. Belichtingsmodule voor een fotolithografie-inrichting, met een lichtbron
welke meerdere LEDs (18, 20, 22) bezit, een sturing (26), welke het aan de afzonderlijke
LEDs (18, 20, 22) toegevoerde elektrische vermogen stuurt en een sensor (24) welke de
lichtopbrengst van de LEDs (18, 20, 22) kan registreren.

13. Belichtingsmodule volgens conclusie 12, met het kenmerk, dat de sensor
(24) een spectraal selectieve sensor is.

14. Belichtingsmodule volgens conclusie 12, met het kenmerk, dat de sensor
(24) een breedbandsensor is.

15. Belichtingsmodule volgens een van de conclusies 12 tot en met 14, met het
kenmerk, dat de sensor (24) in de lichtbron (16) is geintegreerd.

16. Belichtingsmodule volgens een van de conclusies 12 tot en met 14, met het
kenmerk, dat de sensor (24) bij een optiek (18) van de fotolithografie-inrichting is
aangebracht.

17. Belichtingsmodule volgens een van de conclusies 12 tot en met 16, met het
kenmerk, dat de sturing (26) een opslag (28) bezit voor het opslaan van een
opwarmkarakteristiek van de LEDs (18, 20, 22).

18. Werkwijze volgens een van de conclusies 12 tot en met 17, met het
kenmerk, dat de sturing (26) een opslag (30) omvat, voor het opslaan van een
verouderingskarakteristiek van de LEDs (18, 20, 22), waarin een verouderings-

karakteristiek van de LEDs wordt geschreven.
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ABSTRACT

The invention relates to a method for regulating a light source of a
photolithography exposure system which comprises a plurality of LEDs, by means of
the following steps: the light output of the individual LEDs is detected, and the
detected light output is compared with a desired light output distribution. The LEDs
are operated such that the desired light output distribution is achieved in the most
precise manner possible. The invention also relates to an exposure assembly for a
photolithography device, having a light source which comprises a plurality of LEDs, a
control means which controls the electrical power supplied to the individual LEDs,

and a sensor which can detect the light output of the LEDs.
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