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(57) ABSTRACT

The present invention broadly comprises a device for supply-
ing light at an illumination wavelength shorter than 300 nm.
The device includes a first subassembly, having a light source
for delivering light at a wavelength that is at least twice as
long as the illumination wavelength; a second subassembly
having at least one means for wavelength reduction; and a
light guide that guides the light from the light source of the
first subassembly into the second subassembly. The present
invention also broadly comprises a method for supplying
light at an illumination wavelength shorter than 300 nm.

7 Claims, 2 Drawing Sheets
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DEVICE AND METHOD FOR SUPPLYING
SHORT-WAVELENGTH LIGHT

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims priority of German patent applica-
tion 102005017 607.0, filed Apr. 16,2005, which application
is incorporated by reference herein.

FIELD OF THE INVENTION

The invention relates to a device for supplying short-wave-
length light at an illumination wavelength shorter than 300
nm, and to a method for supplying short-wavelength light at
an illumination wavelength shorter than 300 nm.

BACKGROUND OF THE INVENTION

Examination methods that require the use of electromag-
netic waves, in particular short-wavelength light, are used in
many ways in the examination of specimens. For example, it
is necessary to inspect the results of producing a wafer, e.g.,
by inspecting layer thicknesses. A plurality of optical mea-
surement arrangements, operating according to the principle
of spectrophotometry or ellipsometry, are known from the
existing art for the measurement of layer thicknesses. These
arrangements allow both the layer thickness and the optical
parameters of transparent layers to be determined very accu-
rately. Short-wavelength light, i.e., light at a wavelength of
less than 300 nm, is often used for such examinations. This
light can derive, for example, from an excimer laser or froma
special lamp. The short-wavelength light is often also made
available by commercially available illumination sources in
which the short wavelength is produced, on the basis of a
solid-state laser, by frequency multiplication or by sum fre-
quency mixing. In this process, the wavelength originally
generated by the solid-state laser is modified by being con-
veyedto a device for frequency multiplication, in particular to
a frequency doubler or a sum frequency mixer. Such devices
make use of nonlinear effects that occur in certain crystals in
response to high field strengths, thus generating the short-
wavelength light. Examples of such commercially available
illumination sources are e.g. the unit marketed by Coherent
under the name AZURE 266, which generates a wavelength
of 266 nm; or the unit marketed by the same company under
the name INDIGU-DUV, which makes available a wave-
length of 193 nm. These illumination sources are encapsu-
lated in a housing as a complete assemblage, so that only the
indicated nominal wavelength is therefore accessible and
available at the exit of the illumination source.

As a result of stringent requirements in terms of reproduc-
ibility and accuracy, modern measurement systems for the
semiconductor industry are nowadays usually installed in
climate-controlled chambers. An important criterion is that,
whenever possible, all heat sources that might negatively
influence the measurement results are provided outside the
climate-controlled chamber. In addition to electronics, these
heat sources also include the illumination device, i.e., for
example, the solid-state laser with the device for frequency
multiplication. The illumination device is therefore posi-
tioned outside the chamber, and the light is coupled into a
light-guiding fiber, for example, a quartz glass fiber. The light
exit end of the fiber is guided to the measurement head in the
climate-controlled chamber. An additional result of this is that
vibration isolation of the illumination source can be dis-
pensed with.
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When short-wavelength light (at a wavelength shorter than
300 nm) is transmitted in a light guide, however, the relatively
high absorptivity of the fiber means that the transmission
length is very limited. In addition, the fiber ages relatively
quickly as a result of, for example, color centers present in the
fiber. The absorption of the short-wavelength light in the fiber
thus rises even further.

SUMMARY OF THE INVENTION

It is therefore the object of the present invention to propose
a device for supplying short-wavelength light as well as a
method for supplying short-wavelength light, in particular for
the examination of specimens, the thermal influence of the
illumination device being reduced and the service life of the
device nevertheless being improved.

This object is achieved, according to the present invention,
by a device for supplying light at an illumination wavelength
shorter than 300 nm comprising: a first subassembly, having
a light source for delivering light at a wavelength that is at
least twice as long as the illumination wavelength; a second
subassembly having at least one means for wavelength reduc-
tion; and a light guide that guides the light from the light
source of the first subassembly into the second subassembly.

Additionally, the object is achieved by a method for sup-
plying light at an illumination wavelength shorter than 300
nm comprises the steps of:

providing alight source for delivering light at a wavelength

that is at least twice as long as the illumination wave-
length;

delivering light from a first subassembly to a second sub-

assembly via a light guide; and,

generating in the second subassembly an illumination

wavelength shorter than 300 nm, wherein the second
subassembly comprises at least one means for wave-
length reduction.

The device according to the present invention accordingly
comprises a light source, in particular, a laser. A first subas-
sembly encompasses the light source for delivering light at a
wavelength that is at least twice as long as the illumination
wavelength. A second subassembly has at least one means for
wavelength reduction. The light from the light source of the
first subassembly is directed by a light guide into the second
subassembly. The second subassembly is preferably housed
in a climate-controlled chamber. In the second subassembly,
the means for wavelength reduction is a frequency doubler.
The means for wavelength reduction can also be a sum fre-
quency mixer. The light source is a laser. In a further embodi-
ment, in the first subassembly a frequency doubler can be
placed after the light source.

With this device, short-wavelength light can be obtained
from a laser, such as e.g. a solid-state laser, gas laser, or
semiconductor laser, by the fact that two subassemblies are
used. In the first subassembly, light of a long wavelength is
generated and is subsequently conveyed to a second subas-
sembly, There the desired short-wavelength light is generated
from the long-wavelength light. The two subassemblies are
coupled to one another via a light guide.

In a preferred embodiment of the invention a frequency
doubler, which operates, in particular, on the basis of nonlin-
ear effects in a crystal under the influence of high field
strengths, is used as the means for wavelength reduction. The
frequency multiplier can also be implemented using a sum
frequency mixer, or combined with it.

The device and the method according to the present inven-
tion for supplying short-wave light furthermore make it pos-
sible to arrange the heat-generating light source outside the
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climate-controlled chamber. At the same time, however,
absorption of the light transmitted in the light guide is
decreased, since longer light waves are now being transmitted
therein and the losses in the fiber are therefore lower. Longer
transmission distances can thus also be implemented, so that
essentially more freedom exists in terms of arranging the
illumination source relative to the measurement device.

With appropriate selection of a laser, not only the illumi-
nation source but also a first frequency multiplier, in particu-
lar, a frequency doubler, can be provided in the first subas-
sembly, so that the wavelength generated in the laser is made
smaller even before entering the optical waveguide. In this
case a further frequency multiplier is additionally provided in
the second subassembly, i.e., on the light exit side of the light
guide, in the vicinity of the measurement point. A simpler
design for the frequency multiplier in the vicinity of the
measurement point is thus possible, so that space can be saved
in this context.

BRIEF DESCRIPTION OF THE DRAWINGS

Further advantages and advantageous embodiments of the
invention are the subject matter of the Figures that follow and
of their descriptions, in whose depictions accurately scaled
reproduction has been dispensed with in the interest of clarity.

In the individual Figures:

FIG. 1 schematically shows a device according to the exist-
ing art for supplying short-wavelength light;

FIG. 2 schematically shows a present invention device for
supplying short-wavelength light; and,

FIG. 3 schematically shows an alternative embodiment of
a device according to the present invention for supplying
short-wavelength light.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 shows a device 10 according to the existing art for
supplying short-wavelength light.

A device 10 comprises a light source 12 that is preferably
constituted by a laser. A light beam 15 at a wavelength A,
emerges from light source 12. Light beam 15 is conveyed, still
inside device 10, to a frequency doubler 22. Inside device 10,
a light beam 17 at a wavelength A,, which typically corre-
sponds to half of wavelength A, emerges from frequency
doubler 22. Light beam 17 having wavelength A, can then be
conveyed to a sum frequency mixer 24 as a second frequency
multiplication stage. A light beam 19 at a wavelength A,
whose frequency has likewise been multiplied with respect to
wavelength A, then emerges from the second stage. The
frequency multiplication in frequency doubler 22 or in sum
frequency mixer 24 is based on nonlinear optical effects that
occur in crystals at high light field strengths. In illumination
devices 10 known from the existing art, the entire assemblage
is accommodated in encapsulated fashion in a housing of the
illumination device. Only the actual nominal wavelength of
the illumination device, i.e., the light of wavelength ., in the
example shown, is therefore accessible.

A solid-state laser, for example a Nd: YAG laser having a
basic wavelength A, equal to 1064 nm, is typically used for
the assemblage described above. The use of frequency dou-
bler 22 generates a wavelength A, equal to 532 nm. From that,
depending on whether a further optionally present second
stage for frequency multiplication, for example, mixer 24, is
provided, a wavelength A, equal to 266 nm (with frequency
doubling) or to 193 nm (with sum frequency calculation) is
generated. The wavelength emerging from the illumination
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device is then guided via an optical waveguide, for example a
quartz glass fiber, to the measurement point. Because of the
short wavelength, however, the quartz glass fiber is damaged
relatively quickly, so that the already high absorption of the
light in the glass fiber becomes even greater. Device 10 can
also be provided directly in the climate-controlled chamber in
which the measurement point is also located. This arrange-
ment results in a temperature input into the climate-controlled
chamber.

A first embodiment of the device according to the present
invention for supplying short-wavelength light is depicted in
FIG. 2. For this purpose, in essence, an existing system for
generating short-wavelength light is divided into two subas-
semblies. The first, primary subassembly 29 comprises light
source 12, which generates light at a long wavelength. In the
second, secondary subassembly 31, a means 18 for wave-
length reduction is provided that is separate from first subas-
sembly 29. Here the light at the wavelength to be used for
measurement is generated. The two subassemblies 29, 31 are
coupled to one another via a light-guiding fiber 16. A laser,
from which a light beam 15 at a wavelength A, emerges, is
correspondingly provided in device 10 as light source 12.
This light beam 15 is conveyed via an incoupling optical
system 14 to a light guide 16; light beam 15 enters optical
waveguide input 28, and emerges at the end of light guide 16
from optical waveguide output 30. Light beam 32 emerging
from optical waveguide output 30 is conveyed to means 18 for
wavelength reduction, which is provided in second subas-
sembly 31. Provided in second subassembly 31 is an optical
incoupling apparatus 20 that conveys light beam 32 to means
18 for wavelength reduction. Means 18 for wavelength reduc-
tion comprises, for example, a frequency doubler 22. Light 17
of a wavelength A, emerges from frequency doubler 22 and
can then be conveyed to an optional sum frequency mixer 24
provided in means 18 for wavelength reduction. This means
18 for wavelength reduction can be embodied as a frequency
doubler or as a sum frequency mixer. What emerges after this
second stage is light 19 at a wavelength A, that exhibits a short
wavelength, i.e., a wavelength of less than 300 nm, for exami-
nation of the specimen. With coupling optical system 20 it is
possible to adapt light beam 32 emerging from fiber 16 to the
requirements of frequency doubler 22 and/or sum frequency
mixer 24 provided in means 18 for wavelength reduction.

FIG. 3 schematically depicts a further embodiment of a
device according to the present invention for supplying short-
wavelength light. In this embodiment there is again a division
into two subassemblies, first subassembly 29 containing light
source 12 and second subassembly 31 containing means 18
for wavelength reduction, first subassembly 29 being con-
nected to second subassembly 31 via a light-guiding fiber 16.
First subassembly 29 comprises, as light source 12, a laser
that once again delivers light 15 ofa wavelength A,. This light
15 is then conveyed, still in first subassembly 29, to a fre-
quency doubling unit 22 from which light 17 of a wavelength
A, then emerges. An incoupling optical system 14, for cou-
pling the light into a light guide 16, is preferably provided in
the interior of first subassembly 29. Light 32 emerges at the
end of light guide 16 and is conveyed to second subassembly
31. Insecond subassembly 31, an outcoupling optical system
20, for adapting the fiber to the crystals provided in the
frequency multiplication system, is preferably arranged. Sec-
ond subassembly 31 comprises a frequency doubling device
and/or a sum frequency mixer, a frequency doubler 22 having
been used in the present example. Light 19 of awavelength .,
emerges from frequency doubler 22 and is then available for
measurement. It is advisable to use the alternative form ofthe
invention depicted in FIG. 3 whenever first frequency multi-
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plication system 22 in device 10 generates a wavelength that
can easily be transmitted with fiber 16 that is used. The
advantage that means 18 for wavelength reduction usable in
the measurement head can be of simpler configuration can
thereby still be obtained.

With the device according to the present invention for
supplying short-wavelength light, as presented above, it is
also possible to use more-economical fibers to transmit the
light, since a direct transmission of the DUV wavelength can
be avoided. Because it is now possible to make light guide 16
longer, the relative positioning of the laser and measurement
head with respect to one another can moreover be handled in
more variable fashion. There is moreover no need to isolate
the illumination device, with the laser device present in it, in
terms of vibration. Temperature input into the climate-con-
trolled chamber is likewise avoided.

What is claimed is:

1. A device for supplying short-wavelength light at an
illumination wavelength shorter than 300 nm, comprising: a
first subassembly, having a light source for delivering light at
a wavelength that is at least twice as long as the illumination
wavelength; a second subassembly having at least one means
for wavelength reduction; and a light guide that guides the
light from the light source of the first subassembly into the
second subassembly, wherein the at least one means for wave-
length reduction comprises a sum frequency mixer and a
frequency doubler.

2. The device according to claim 1, wherein the light source
is a laser.
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3. The device according to claim 1, wherein in the first
subassembly a frequency doubler is placed after the light
source.

4. A method for supplying light at an illumination wave-
length shorter than 300 nm comprises the steps of:

providing alight source for delivering light at a wavelength

that is at least twice as long as the illumination wave-
length,

delivering the light from a first subassembly to a second

subassembly via a light guide; and,

generating in the second subassembly an illumination

wavelength shorter than 300 nm, wherein the second
subassembly comprises at least one means for wave-
length reduction and the at least one means for wave-
length reduction comprises a sum frequency mixer and a
frequency doubler.

5. The method according to claim 4, wherein a frequency
multiplication is additionally performed in the first subassem-
bly.

6. The device according to claim 1, wherein said first sub-
assembly is arranged in a first location, said second subas-
sembly is arranged in a second location and said first location
is isolated from said second location.

7. The method according to claim 4, wherein said first
subassembly is arranged in a first location, said second sub-
assembly is arranged in a second location and said first loca-
tion is isolated from said second location.



