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EUV lithography comprising: - an illumination device (120) for generating
EUYV radiation (400) having defined properties, - a reticle stage (130) arranged
in the beam path of the illumination device (120) and serving for receiving a
transmission reticle (200), and - a projection optical unit (140) disposed optic-
ally downstream of the reticle stage (130) and serving for projecting the EUV
radiation (400) transmitted through the transmission reticle (200) onto a wafer
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Description

Projection exposure system for EUV lithography and method for

operating the projection exposure system

The invention relates to a projection exposure system for EUV
lithography. The invention furthermore relates to a transmis-
sive reticle and a reticle arrangement for such a projection

exposure system.

This patent application claims the priority of the German pa-
tent application DE 10 2012 219 545.9, the disclosure content

of which is hereby incorporated by reference.

For producing semiconductor components, photolithographic
methods are used, inter alia, wherein the structure pattern
to be produced is projected on a reducing scale with the aid
of a mask (reticle) onto a functional layer coated with a
light-sensitive layer and is transferred to the functional
layer after the development of the photosensitive layer by
means of an etching method. The production of ever finer
structures makes it necessary to use light having ever short-
er wavelengths for the lithography process. Current lithogra-
phy methods therefore employ electromagnetic radiation into
the range of extreme ultraviolet light (EUV). Since the EUV
radiation is absorbed to a great extent by most known materi-
als, reflective components are generally used in EUV lithog-
raphy for the projection exposure systems. For this purpose,
specially designed mirror systems are required which direct
the radiation onto the reticle in a suitable manner and sub-
sequently project it onto a desired region of a semiconductor
wafer. In this case, the known EUV lithography systems employ
reflective reticles designed either in the form of a reflec-
tive carrier layer with a structured absorber layer arranged
thereon, or in the form of an absorbent carrier layer with a
structured reflection layer arranged thereon. In the case of

the reflective reticles having a reflective carrier layer and
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a structured absorber layer, on account of the required spa-
tial separation of the incident and reflected beam cones with
increasing numerical aperture (NA) and thus smaller struc-
tures to be imaged, undesired shading effects of the radia-
tion arise as a result of the absorption or absorber struc-
tures arranged on the carrier layer, which have to have a
minimum thickness for sufficient absorption. This Manhattan
effect, as it is called, significantly reduces the proportion
of EUV radiation arriving at the wafer. Furthermore, the im-
aging quality can be further impaired by further optical ef-

fects associated with the shading.

However, the use of a reflective reticle also entails further
problems. In this regard, any displacement of the reflective
reticle within the optical arrangement of the exposure pro-
jection system leads to faulty imagings on the exposed wafer.
Therefore, movements of the reflective reticle along its sur-—
face normal have to be continuously compensated for by com-
plex tracking of the imaging optical unit and/or of the wa-

fer.

Therefore, it is an object of the invention to improve EUV
lithography. This object is achieved by means of a projection
exposure system according to Claim 1. Furthermore, the object
is achieved by means of a transmissive reticle according to
Claim 12 and by means of a reticle arrangement according to
Claim 16. Further advantageous embodiments are specified in

the dependent claims.

In this case, a projection exposure system for EUV lithogra-
phy is provided, comprising an illumination device for gener-
ating EUV radiation having defined properties, a reticle
stage arranged in the beam path of the illumination device
and serving for holding a transmission reticle, and a projec-—
tion optical unit disposed optically downstream of the reti-
cle stage and serving for projecting the EUV radiation trans-

mitted through the transmission reticle onto a wafer stage.
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With the use of a transmissive reticle it is possible to
achieve a substantially perpendicular transmission of the EUV
radiation through the reticle, as a result of which in turn
the shading effects that are caused by the absorber struc-
tures arranged on the reticle carrier layer can be reduced as
far as possible. Consequently, the imaging aberrations asso-
ciated therewith can be avoided, and the imaging gquality can

be improved.

One embodiment provides for the projection exposure system
furthermore to comprise a scanning device arranged in the re-
gion of the reticle stage and serving for scanning the reti-
cle, wherein the scanning device comprises a first scanning
mirror for directing the EUV radiation generated by the illu-
mination device onto the transmission reticle arranged in the

reticle stage.

In a further embodiment, the scanning device is designed to
scan the transmission reticle arranged in the reticle stage
in a scanning manner by means of a combined translation and
tilting movement of the first scanning mirror. Consequently,
the scanning device allows the scanning of the transmission
reticle with the EUV beam, without the movement of the trans-

mission reticle.

In a further embodiment, the scanning device furthermore com-
prises a second scanning mirror for coupling the EUV radia-
tion transmitted through the transmission reticle into the
projection optical unit. In this case, the scanning device is
designed to scan the transmission reticle arranged in the re-
ticle stage in a scanning manner by means of a combined
translation and tilting movement of the scanning mirrors. The
scanning device allows the scanning of the transmission reti-
cle with the EUV beam, without the movement of the transmis-
sion reticle. As a result of the static arrangement of the
transmission reticle that is possible in this way, dynamic

effects, such as oscillations, for example, parallel to the
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normal to the surface of the reticle (out-of-plane oscilla-
tions), which can typically occur upon corresponding mechani-
cal excitation of the reticle, are reduced as far as possi-
ble. This in turn makes i1t possible to improve the imaging
quality of the exposure projection system since the reduced
out-of-plane movement of the reticle leads to smaller imaging
aberrations particularly in the case of non-telecentric
lenses. Furthermore, reticles having a smaller thickness can
be used, which in turn leads to an increase in the light in-

tensity available at the wafer.

A further embodiment provides for the scanning device to fur-
thermore comprise a first deflection mirror, which is ar-
ranged between the first scanning mirror and the reticle
stage and which is designed to direct the EUV radiation re-
flected from the first scanning mirror with a combined trans-
lation and tilting movement at a substantially perpendicular
angle onto the transmission reticle arranged in the reticle
stage. Furthermore, a further embodiment provides for the
scanning device to furthermore comprise a second deflection
mirror, which is arranged between the reticle stage and the
second scanning mirror and which is designed to direct the
FEUV radiation that is being transmitted through the transmis-
sion reticle arranged in the reticle stage at a substantially
perpendicular angle with combined translation and tilting
movements onto the second scanning mirror. With the aid of
these deflection mirrors it is possible to achieve substan-
tially perpendicular passage of radiation through the trans-
mission reticle in any scanning position. This in turn re-
duces shading effects and thus improves the imaging quality

of the projection exposure system.

A further embodiment provides for the combined translation
and tilting movements of the mirrors of the scanning device
to be coordinated with one another in such a way that sub-
stantially the same optical path length (OPL) for the EUV ra-

diation from the reticle stage to the projection optical unit
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results for each scanning position of the mirrors. This pre-
vents a variation of the optical path length which is equiva-
lent to a movement of the transmission reticle along the op-
tical axis. Thus, imaging aberrations can be reduced and the

imaging quality can be improved.

A further embodiment provides for the projection lens to be
designed to be telecentric at least on the input side. This
improves the imaging quality of the projection exposure sys-
tem since the input-side telecentricity of the projection
lens causes a reduced sensitivity toward changes in the posi-

tion of the transmission reticle along the optical axis.

A further embodiment provides for the projection exposure
system to comprise a vacuum chamber having a first partial
chamber, which receives the illumination device, and a second
partial chamber, which receives the projection lens, and at
least one partition introducible between the illumination de-
vice and the reticle stage and/or between the projection lens
and the reticle stage and serving for separating the two par-—
tial chambers. With the aid of said partition, the two par-
tial chambers can be ventilated and evacuated independently
of one another, which makes it possible, for example, to
leave the reticle in the ultrahigh vacuum whilst at the same
time ventilating one of the two partial chambers. Further-
more, with the aid of such a partition, the removal of the
reticle can also be simplified since only part of the vacuum
chamber 110 has to be ventilated for this purpose. The re-
moval of the reticle can furthermore be simplified by a sec-
ond partition arranged on the opposite side of the reticle
stage relative to the first partition. With the aid of the
two partitions, the central section of the vacuum chamber
that receives the reticle stage can be partitioned from the
two partial chambers, such that it is necessary only to ven-

tilate and/or evacuate the central vacuum chamber section.
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A further embodiment provides for the projection exposure
system furthermore to comprise a damping device for damping
oscillatory movements of the transmission reticle arranged in
the reticle stage. In this case, the damping device is de-
signed to reduce the oscillatory movements of the transmis-
sion reticle by blowing a suitable gas on the transmission
reticle and/or by means of active acoustic or mechanical
damping. Out-of-plane movements of the transmission reticle
and imaging aberrations associated therewith can be reduced
with the aid of such a damping device. Furthermore, such a
damping device can prevent the transmission reticle from
touching further components of the projection exposure sys-
tem. In this regard, particularly in the case of transmission
reticles which are protected by a pellicle, by feeding the
suitable gas into the interspace formed by the transmission
reticle and the pellicle, it is possible to generate an ex-
cess pressure in said interspace and this forces the two com-
ponents apart. Furthermore, the excess pressure reduces the

risk of contamination for the sensitive mask structures.

A further embodiment provides for the projection lens to com-
prise an input mirror, the angle-of-incidence spectrum or an-
gle-of-incidence distribution of which is designed to be mir-
ror-symmetrical and/or rotationally symmetrical. On account
of the symmetrical angle-of-incidence spectrum, narrowerband
reflection layers can be used for the input mirror of the
projection lens. This reduces undesired optical effects asso-

ciated with broadband reflection layers.

Furthermore, a transmission reticle for an EUV lithography
projection exposure system is provided, comprising a carrier
layer composed of a silicon, germanium, molybdenum, niobium
and/or zirconium material and a structured absorber layer ar-—
ranged on the carrier layer. A carrier layer formed from the
materials mentioned can be produced with a particularly small
layer thickness (e.g. 25 nm silicon layer) which has a suffi-

cient transparency to the EUV light used. At the same time,
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carrier films composed of the materials mentioned have a suf-
ficient stability to withstand the mechanical loads during

the handling and use of the transmission reticle.

One embodiment provides for the carrier layer to comprise a
layer stack composed of silicon and/or germanium layers sepa-
rated from one another in each case by a layer of zirconium
silicide. Such a carrier layer has a particularly high trans-
parency to EUV light. On the other hand, an adaptation of the
crystal structures of the two layers and, associated there-
with, the mechanical stability of the carrier layer are im-

proved with the aid of such a transition layer.

A further embodiment provides for the absorber layer to be
formed from a material containing nickel and/or tantalum ni-
tride. These materials have relatively good absorption quali-
ties for the EUV light used. Furthermore, the materials men-
tioned, on account of their relatively high melting points,
can withstand, without being damaged, the high temperatures
(e.g. T > 500°C) occurring in the absorber layer in EUV pro-

jection exposure systems.

A further embodiment provides for the carrier layer to be
provided at least on one side with a protective layer con-
taining ruthenium, rhodium, carbon, iridium and/or silicon
nitride. With the aid of such a protective layer, it is pos-
sible to protect the sensitive carrier layer against various
influences, such as e.g. oxidation. It is thus possible to
ensure the high transmission of the carrier layer for the EUV
light over a long time. Furthermore, these materials with the
small layer thicknesses used do not cause any relevant at-

tenuation of the EUV radiation.

Furthermore, a reticle arrangement is provided, comprising a
transmission reticle and at least one pellicle composed of a
gsilicon-, germanium- and/or zirzonium-containing material ar-

ranged in front of the transmission reticle. Such a pellicle
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prevents the contamination of the reticle. Since, at the
short wavelengths used in EUV lithography, even extremely
small contaminations of the reticle can lead to imaging aber-
rations, a uniform imaging quality of the transmission reti-
cle can be ensured with the aid of the pellicle. Since clean-
ing is scarcely feasible on account of the relatively small
thickness (e.g. 50 - 150 nm) of the transmission reticle, the
lifetime of an EUV transmission reticle can be significantly

prolonged with the aid of the pellicle.

One embodiment provides for the transmission reticle and the
pellicle to be enclosed by a common frame structure compris-
ing at least one feed opening for feeding a gas into the in-
terspace between transmission reticle and pellicle. Such an
arrangement allows the reticle and the pellicle to be me-
chanically stabilized with the aid of an excess pressure gen-—
erated in the interspace by the gas feed. Furthermore, cool-
ing of the reticle or the absorber layer can be achieved with

the aid of the gas.

The invention is described in greater detail below with ref-

erence to figures, in which:

Figure 1 shows by way of example a reflective reticle for EUV
lithography for elucidating the Manhattan effect caused by

oblique light incidence;

Figure 2 shows a further reflective reticle having smaller
structures for elucidating the relationship between structure

size and Manhattan effect;

Figure 3 shows a transmission reticle for EUV lithography
comprising a transparent carrier layer and absorber struc-

tures arranged thereon;

Figure 4 shows a further transmissive reticle, comprising a

carrier layer constructed in the form of a layer stack;



10

15

20

25

30

35

WO 2014/064224 PCT/EP2013/072335

Figure 5 schematically shows a projection exposure system for
EUV lithography designed for the use of a transmission reti-

cle;

Figure 6 schematically shows the cross section through a re-
ticle arrangement comprising a reticle, a pellicle and a fra-
me encompassing the two structures, with a feed opening for a

suitable gas;

Figure 7 schematically shows the construction of a projection
exposure system comprising an optical scanning device for

scanning the transmission reticle in a scanning manner;

Figure 8 shows a detail illustration of the scanning device

from figure 7 for elucidating the geometrical relationship;

Figure 9 shows an exemplary embodiment of an EUV transmission

reticle comprising specially adapted absorption structures;

Figure 10 shows a modification of the projection exposure
system from figure 7 with additional deflection mirrors for
ensuring the substantially perpendicular beam path in the re-

gion of the reticle stage;

Figure 11 shows by way of example an excerpt from a projec-

tion lens comprising two mirrors; and

Figure 12 shows a schematic illustration of an exemplary pro-
jection exposure system comprising two partial chambers that
can be separated from one another by means of introducible

partition apparatuses.

In EUV lithography by means of reflective reticles, oblique
light incidence on the reticle surface occurs on account of
the required separation between incident beam direction and

reflective beam direction. Figure 1 shows by way of example
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the reflection of EUV radiation 400 at a reflective reticle
300. In this case, the reticle 300 comprises a carrier layer
310, which is reflective in the EUV range, and a structured
absorber layer 320 arranged on said carrier layer 310. On ac-—
count of the minimum layer thickness 321 of the absorber lay-
er 320 required for the sufficient absorption of the EUV ra-
diation 400, shielding effects as a result of the absorber
structures occur in the event of oblique light incidence.
This Manhattan effect, as it is called, reduces the propor-
tion of the effectively reflective surface of the carrier
layer 310 and, associated therewith, the proportion of the
usably reflected EUV radiation 400. In this case, the shading
effect increases as the thickness 321 of the absorber layer

320 increases.

As shown in figure 2, however, the shading effect is also de-
pendent on the distances between the structures formed in the
absorber layer 320. In this regard, the reflected and thus

usable proportion of the EUV radiation 400 decreases signifi-

cantly with decreasing structure widths.

In order to reduce the shading effects, the projection expo-
sure system proposed here uses a transmissive reticle or
transmission reticle 200 comprising a carrier layer 210,
which is transparent to EUV light, and a structured absorber
layer 220 arranged on the carrier layer 210. As is shown in
figure 3, the almost perpendicular passage of radiation
through the transmission reticle 200 allows a shading-free or
almost shading-free imaging of the structures produced in the
absorber layer 320. Preferably silicon, germanium, zirconium,
molybdenum, niobium or a combination of these elements, such
as e.g. Zr/ZrSi, or Mo/NbSi,, is used as material for the
carrier layer 310. In order to ensure sufficient transmission
of the EUV radiation 400 through the reticle 200, a carrier
layer 210 having the smallest possible layer thickness 212 is
used. In this regard, by way of example, the carrier layer

210 used can be an approximately 50 nm or approximately
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100 nm thick silicon layer having a transmission loss of 8%
or approximately 16%. Absorber material used can be, for ex-
ample, tantalum nitride (TaN) having a layer thickness of ap-
proximately 45 nm, which enables sufficient EUV absorption.
In principle, any suitable material can be used as absorber,
provided that with the desired layer thickness it enables a
sufficiently high absorption of the EUV radiation 400 and is
suitable for ultrahigh wvacuum (UHV), readily structurable and
thermally stable. Since the absorber regions of the reticle
become significantly hotter than the transmissive regions on
account of the higher absorption of the EUV radiation 400 and
at the same time on account of heat dissipation being reduced
by the ultrahigh vacuum, in particular thermally resistant
materials such as e.g. nickel (melting point above 1400°C) or

other metals are appropriate as absorber.

In order to protect the sensitive surface of the transmissive
or transparent regions of the reticle 200, the carrier layer
210 can be equipped on one or both sides by means of a thin
protective layer (cap layer) 230. By way of example, ruthe-
nium, rhodium, carbon, iridium or silicon nitride (SisNg) is

suitable as material for said protective layer 230.

In order to ensure a sufficient transmissivity or transpar-
ency to the EUV radiation 400 used, and at the same time the
highest possible stability of the film-1like reticle, the car-
rier layer 210 can also be constructed in a multilayered
fashion. In this case, figure 4 shows a transmission reticle
200 having a carrier layer 210 constructed in the form of a
layer stack 211 composed of different materials. In this
case, the layer stack 211 can be constructed from thin sili-
con and germanium layers that can respectively be separated

from one another by a zirconium silicide (ZrSi;) layer.

Figure 5 schematically shows the construction of an EUV pro-
jection exposure system 100 using a transmissive reticle 200.

In this case, the projection exposure system 100 comprises an
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illumination device 120 for generating defined EUV radiation
400, a reticle stage 130 disposed optically downstream of the
illumination device 120 and serving for receiving a transmis-
sion reticle 200, and a projection lens 140, which is dis-

posed optically downstream of the reticle stage 130 and im-

ages the EUV radiation 400 transmitted through the transmis-
sion reticle 200 arranged in the reticle stage 130 onto a wa-
fer 700 arranged in a wafer stage 150 in a reducing manner.

As is shown in figure 5, radiation passes through the trans-
mission reticle 200 substantially perpendicularly in this ar-

rangement.

It is advantageous for the transmission reticles 200 used in
connection with the transmissive projection exposure system
100 to be made as thin as possible and with the largest pos-
sible diameter in order to ensure sufficient transmission and
at the same time to be able to image as many structures as
possible in an exposure process; however, the transmission
reticles 200 can react relatively sensitively to any accel-
eration on account of their film-like construction. In par-
ticular, oscillations of the reticle 200 in the form of mi-
croscopic location- and time-dependent displacements of the
object plane 202 can be excited in each case. For the purpose
of damping said oscillations, the projection exposure system
100 can be equipped with a damping device 170, which actively
counteracts the movements of the reticle 200. By way of exam-
ple, such oscillations can be reduced by blowing on the
transmission reticle 200 uniformly or in a pulsed manner.
Furthermore, oscillatory movements of the transmission reti-
cle 200 can be reduced or compensated for by means of actua-
tors arranged outside the optically used reticle region, with
the use of the superposition principle. The actuation can be

effected mechanically or acoustically, for example.

The damping device 170, illustrated in the form of a function

block in figure 5, can in this case be designed either as
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part of the reticle stage 130 or in the form of a separate

device.

For the purpose of better handling, the film-like transmis-
sion reticle 200 is clamped in a frame structure 520. In or-
der to protect the sensitive reticle film 200, it is possible
to use a pellicle 510 arranged in front of the reticle 200
preferably on that side of the reticle which bears the ab-
sorber structures. Figure 6 shows a reticle arrangement 500
comprising the frame structure 520, the film-like transmis-
sion reticle 200 enclosed in the frame structure, and the
pellicle 510 arranged at a small distance from the reticle
200 and likewise enclosed in the frame structure 520. Said
distance is preferably between 1 nm and 10 nm. In this case,
the reticle 200 and the pellicle 510 are arranged with re-
spect to one another in such a way that the absorber struc-
tures 220 situated on the carrier layer 210 of the reticle
200 are situated in the interspace 530 protected by the two
films 200, 510.

Since both the reticle 200 and the pellicle 510 are designed
in the form of thin films (reticle thickness for example 70
to 120 nm, pellicle thickness for example 20 nm), they typi-
cally react very sensitively to vibrations of the reticle ar-
rangement 500. As a result of the oscillations induced in
this case in the two films 200, 510, there is in this case
the risk, in principle, of the two films 200, 510 touching
one another. In order to prevent this, in the case of the re-
ticle arrangement 500, a suitable gas can be fed into the in-
terspace 530 between the two films 510, 200. As a result of
the slight excess pressure generated in this case, the films
200, 510 are pressed convexly outward and the risk of a col-
lision is thus reduced. A suitable gas is hydrogen (H;), for
example, which is fed for example through a suitable feed
opening 521 in the frame structure 520. In this case, the ex-
cess pressure also effectively prevents the soiling or con-

tamination of the interspace 530 by undesired substances.
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In the case where no pellicle 510 is used, the reticle film
200 can be stabilized by a gas flow being used to blow di-
rectly on the reticle 200. By way of example, hydrogen (H;)
at a low pressure of a few pascals (e.g. approximately 5 Pa
or approximately 10 Pa) is suitable for this purpose. As a
result of the gas flow 600, the movement of the thin reticle
film 200 along the optical axis can be reduced and a higher

imaging quality can thus be achieved.

In both cases, cooling of the film-like transmission reticle
200 can also be achieved with the aid of the gas flow 600.

However, the reticle film 200 can also be stabilized by an
active damping which acts on the reticle film 200 mechani-

cally or acoustically.

Besides an active oscillation damping, the problem that aris-
es during the imaging of the mask structures on the wafer
with the reticle displacement along the optical axis can be
combated by using a projection lens 140 constructed in a
telecentric fashion on the input side. As a result of the
telecentricity of the projection lens 140, displacements of
the reticle 200 along the optical axis affect the imaging
quality on the wafer plane only to a negligible extent com-
pared with a reflective reticle. In this regard, by way of
example, 1t is also possible to compensate for positional er-

rors of the reticle 200 in the reticle stage 130.

In order to avoid oscillations of the film-like transmission
reticle 200 and the optical and mechanical problems associ-
ated therewith, it can be expedient to arrange the reticle
200 in a stationary or immobile manner in the reticle stage
130 and to scan it in a scanning manner by the use of a spe-
cific scanning device. Such a scanning device 160 for scan-
ning the reticle 200 can be realized for example with the aid

of one or a plurality of movable mirrors which guide the EUV
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radiation 400 over the transmission reticle 200 in a scanning
manner. In this respect, figure 7 shows by way of example the
basic construction of such a scanning device 160. In this
case, the scanning device 160 comprises two scanning mirrors
161, 162, which are movable synchronously with one another
and which perform a scanning of the stationary transmission
reticle 200 in each case by means of a combined translation
and tilting movement. The first scanning mirror 161, which is
arranged between the illumination device 120 and the reticle
200 and is movable along a free path curve, directs the EUV
radiation 400 generated by the illumination device 120 onto a
specific location of the transmission reticle 200. By con-
trast, the second scanning mirror 162, which is arranged be-
tween the reticle stage 130 and the projection lens 140 and
is likewise movable along a free path curve, directs the EUV
radiation 400 transmitted through the reticle 200 onto the

entrance pupil of the projection lens 140.

In order to elucidate the scanning process, figure 7 illus-
trates the position of the scanning mirrors 161, 162 by way
of example for two different points in time, the reference
signs 161 and 162 designating the scanning mirrors or posi-
tion of the scanning mirrors at a first point in time and the
reference signs 161’ and 162’ designating the scanning mir-
rors or position of the scanning mirrors at a second point in
time. In this case, at the first point in time the first
scanning mirror is situated at the level of the lower edge of
the reticle 200 and directs the EUV radiation 400 emitted by
the illumination device 120 in the direction of the second
scanning mirror 162, which is situated at approximately 2/3
of the height of the reticle 200 at this point in time. Ra-
diation passes through the reticle 200 approximately over 1/3

of its height in this position.

After a translation of the first scanning mirror in the di-
rection of the illumination device 120 and a slight tilting

in the clockwise direction, the EUV radiation 400 from the
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illumination device 120 is now directed by the first scanning
mirror 161’ into an upper section in the region of the reti-
cle 200, radiation passing through the reticle 200 almost
perpendicularly in this scanning position. The second scan-
ning mirror 162’, which has likewise moved upward and been
tilted in the clockwise direction at this point in time, di-
rects the EUV radiation 400’ transmitted almost perpendicu-
larly through the reticle 200 once again in the direction of
the projection optical unit 140. In this case, the scanning
mirrors 161, 162 are moved on free path curves which lie on
the optical axes of the illumination device 120 and of the
projection lens 140, respectively, in the present case. In
order to ensure a high imaging gquality, it is necessary that
the optical path length covered by the EUV radiation 400 af-
ter transmission through the reticle as far as the entrance
pupil of the projection lens 140 does not vary with the scan-
ning position or location of the scanning mirrors 161, 162.
In this case, the position of the scanning mirrors 161, 162
must be in a specific relationship with the angle o at which
the EUV radiation 400 is transmitted through the reticle 200.
The exact geometrical relationships are evident from figure
8, which illustrates a detail illustration of the optical ar-
rangement from figure 7. In this case, o corresponds to the
transmission angle through the reticle 200, h(a) corresponds
to the reticle passage height, d corresponds to the distance
between the second scanning mirror 162 and the reticle 200,
1; corresponds to the optical sublength from the reticle 200
as far as the second scanning mirror 161, 1, corresponds to
the optical sublength from the second scanning mirror 162 as
far as a point A determined by the reticle passage height
h(a), and OPL corresponds to the optical path length of the
FEUV light radiation 400 from the reticle 200 as far as the
point B situated at the level of the lower edge of the reti-
cle 200.
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Figure 8 reveals that the optical path length OPL is composed
of the sum of the lengths 1;, 1, and the passage height h(wo)

corresponding to the distance between the points A and B.

The following thus results for the optical path length OPL:

(*) OPL= d +d-mna

+h(a)
cosax cosax

or

OPL-ha) l+sina
d cos

As can be seen from this rearrangement, the set of values of

1+sinx T . L
f(x)=— (x€ —535-) comprises all positive real numbers £°
cos x

and thus the equation (*) is solvable for h(a) < OPL. A solu-

tion to the egquation

OPL = d +d-mna

+h(a)
cosax cosax

can be determined for example by means of quadratic supple-

mentation by virtue of the substitution k=sina, cosa=+1-n’.

In the case of the scanning device 160 shown here by way of
example, the passage angle o of the EUV radiation 400 through
the reticle 200 varies depending on the position of the scan-
ning mirrors 161, 162. In order to combat losses of imaging
quality that possibly result from this, this change in angle
can already be taken into account during the production of
the absorber structures on the reticle 200. This can be done,
on the one hand, by adapting the width and position of the
absorber structures to be imaged on the carrier layer 210. As

an alternative to this, the absorber structures can be pro-
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duced using a special production method with flank angles de-
pendent on the respective position on the reticle 200. Such a

transmission reticle 200 is shown for example in figure 9.

As an alternative to this, substantially perpendicular pas-—
sage of the EUV radiation 400 through the reticle can be en-
sured by using additional optical elements, such as e.g. ad-
ditional deflection mirrors. In this respect, figure 10 shows
by way of example a projection exposure system 100 comprising
a modified scanning device 160. The scanning device 160 has
additional deflection mirrors 163, 164 respectively situated
between the reticle 200 and a scanning mirror 161, 162. In
this case, the first deflection mirror 163 serves for direct-
ing the EUV radiation 400 reflected from the first scanning
mirror 161 onto the reticle 200 at a perpendicular or sub-
stantially perpendicular angle. Analogously thereto, the sec-
ond deflection mirror 164 directs the EUV radiation 400 pass-—
ing perpendicularly through the reticle 200 onto the second
scanning mirror 162. In this case, the two deflection mirrors
163, 164 are adjusted depending on the scanning position in
respectively combined translation and tilting movements along
free path curves. This expediently takes place synchronously
with the translation and tilting movements of the scanning
mirrors 161, 162. In order to comply with the condition of
the constant optical path length for the EUV radiation 400
from the reticle 200 as far as the projection lens 140, the
detour via the second deflection mirror 164 has to be con-
comitantly taken into account when calculating the optical
path length OPL.

As an alternative to the use of additional deflection mir-
rors, substantially perpendicular transmission of the EUV ra-
diation 400 through the reticle 200 can, if appropriate, also
be achieved by means of a tilting movement of the reticle 200
that takes place synchronously with the translation of the

two scanning mirrors 161, 162.
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In contrast to a projection exposure system designed for a
reflective reticle, the projection exposure system which is
proposed here and which is designed specifically for a trans-
mission reticle can have a projection lens designed to be
telecentric on the input side. This affords many advantages
since the imaging quality of such a projection lens is rela-
tively insensitive to displacements of the reticle along the
optical axis. A further advantage of the EUV projection expo-
sure system 100 presented here is that the use of a transmis-
sive reticle 200 makes it possible to achieve a mirror-
symmetrical or even rotationally symmetrical distribution of
the angle of incidence in the path from the reticle 200 to
the - in the light direction - first mirror 141 (input mir-
ror) of the projection lens 140. In this respect, figure 11
shows by way of example an EUV projection exposure system 100
comprising a transmission reticle 200, through which radia-
tion passes substantially perpendicularly, and a projection
lens 140 disposed optically downstream of the reticle 200 and
having a first mirror 141, serving as input mirror, and a se-
cond mirror 142, wherein the mirrors are illustrated here on-
ly by way of example. The EUV radiation 400 focused in the
region of the reticle 200 enters into the projection device
140 in the form of a beam cone 410, wherein only the chief
ray 411 and the two marginal rays 412, 413 are illustrated
here. On account of the symmetrical beam guiding from the re-
ticle 200 to the projection lens 140, a symmetrical angle-of-
incidence distribution arises for arbitrary planes 420, 430
parallel to the reticle plane 202 along the chief ray 411 of
the EUV radiation 400 and for the input mirror 141. In this
case, symmetrical means mirror-symmetrical or even rotation-
ally symmetrical. On account of the overall smaller angle-of-
incidence spectrum, it is possible to use narrower band re-—
flection layers for the first mirror 141 in comparison with a
projection exposure system without a corresponding mirror-

symmetrical or rotationally symmetrical angular spectrum.
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The angle-of-incidence spectrum on the first mirror 141 is
dependent, in principle, on the numerical aperture (NA) of
the imaging system. In the case of reflective systems, the
angular spectrum for the same numerical aperture, on account
of the obligue incidence of light at the reticle, is greater
than in the case of almost perpendicular transmission through

a transmissive reticle.

As a result of the narrower band configuration of the reflec-
tive layers of the first mirror 141, it is possible to reduce
undesired effects such as low transmission, absorption and

loss of contrast.

The transmissive projection exposure system 100 furthermore
allows the illumination system 120 to be separated from the
projection lens 140 by means of partitions introducible in
the region of the reticle stage. In this respect, figure 12
shows by way of example a transmissive projection exposure
system 100 for EUV lithography comprising a vacuum chamber
110 formed from two partial chambers 111, 112. The first par-
tial chamber 111 contains the illumination system 120, while
the second partial chamber 112 accommodates the projection
lens 140 and also, if appropriate, the wafer stage 150. The
two partial chambers 111, 112 can be partitioned from one an-
other by means of two introducible partitions 113, 114 ar-
ranged on both sides of the wafer stage 130. This firstly en-
ables partial ventilation of the system, i.e. of the first or
of the second partial chamber 111, 112. This is expedient, in
particular, i1if the illumination system is ventilated on ac-
count of maintenance work. Possible contamination of the pro-
jection system is prevented in this case. Furthermore, the
partitions 113, 114 allow the transmission reticle 200 to be
removed or changed, without the need to ventilate the two
partial chambers 111, 112. As is furthermore illustrated in
figure 12, both partial chambers 111, 112 have separate vac-—

uum pumps 116, 117.
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Although the invention has been more specifically illustrated
and described in detail by means of the preferred exemplary
embodiments, the invention is not restricted by the examples
disclosed. Rather, a person skilled in the art can also de-
rive other variations therefrom for example through combina-
tion of the features of different embodiments, without de-

parting from the scope of protection of the invention.

As an example, a scanning device may be realized with only
one scanning mirror in contrast to the embodiment described

above which has two scanning mirrors.
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List of reference signs

100
110
111
112
113
114
115
116
117
120
130
140
141
142
143
150
160
161
162
163
164
165
166
170

200
202
210
211
212
220
230

300
310

projection exposure system

vacuum chamber

first partial chamber

second partial chamber

central chamber region

first partition

second partition

first vacuum pump

second vacuum pump

illumination device

reticle stage

projection lens

first mirror of the projection lens
second mirror of the projection lens
entrance pupil

wafer stage

scanning device

first scanning mirror

second scanning mirror

first deflection mirror

second deflection mirror

rotation axis of the first scanning mirror
rotation axis of the second scanning mirror

damping device

transmissive reticle

reticle plane

transmissive carrier layer

layer stack

layer thickness of the carrier layer
structured absorber layer

protective layer

reflective reticle

reflective carrier layer



10

15

20

25

30

WO 2014/064224 PCT/EP2013/072335

320
321
322

400
410
411
412,413
420
430
440

500
510
520
521
530

600

700

OPL

1

23

structured absorber layer
thickness of the absorber layer

distance between the absorber structures

FEUV radiation

beam cone

chief ray

marginal rays

first reference plane
second reference plane

third optical plane

reticle arrangement

pellicle

holding frame

opening in the holding frame

volume enclosed by the reticle and pellicle

gas

wafer

distance between transmission reticle and scanning
mirror

height of the EUV beam at the transmission reticle
angle of the EUV beam upon passing through the
transmission reticle

optical path length

first sublength

second sublength
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Claims

. Projection exposure system (100) for EUV lithography

comprising:

- an illumination device (120) for generating EUV radia-
tion (400) having defined properties,

- a reticle stage (130) arranged in the beam path of the
illumination device (120) and serving for receiving a
transmission reticle (200),

- a scanning device (160) arranged in the region of the
reticle stage (130) and serving for scanning the reti-
cle, wherein the scanning device (160) comprises a first
scanning mirror (161) for directing the EUV radiation
(400) generated by the illumination device (120) onto
the transmission reticle (200) arranged in the reticle
stage (130), and

- a projection optical unit (140) disposed optically
downstream of the reticle stage (130) and serving for
projecting the EUV radiation (400) transmitted through

the transmission reticle (200) onto a wafer stage (150).

. Projection exposure system (100) according to Claim 1,

wherein the scanning device (160) is designed to scan
the transmission reticle (200) arranged in the reticle
stage (130) in a scanning manner by means of a combined
translation and tilting movement of the first scanning

mirror (161).

. Projection exposure system (100) according to either of

Claims 1 and 2,

wherein the scanning device (160) furthermore comprises

a second scanning mirror (162) for coupling the EUV ra-

diation (400) transmitted through the transmission reti-

cle (200) into the projection optical unit (140).

. Projection exposure system (100) according to Claim 3,

wherein the scanning device (160) is designed to scan
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the transmission reticle arranged in the reticle stage
(130) in a scanning manner by means of combined transla-
tion and tilting movements of the scanning mirrors (161,
162) .

. Projection exposure system (100) according to Claim 4 or

oy

wherein the scanning device (160) furthermore comprises
a first deflection mirror (163), which is arranged be-
tween the first scanning mirror (162) and the reticle
stage (130) and which is designed to direct the EUV ra-
diation (400) reflected from the first scanning mirror
(161) with a combined translation and tilting movement
at a substantially perpendicular angle onto the trans-
mission reticle (200) arranged in the reticle stage
(130) .

. Projection exposure system (100) according to Claim 5,

wherein the scanning device (160) furthermore comprises
a second deflection mirror (164), which is arranged be-
tween the reticle stage (130) and the second scanning
mirror (162) and which is designed to direct the EUV ra-
diation (400) that is being transmitted through the
transmission reticle (1200) arranged in the reticle
stage (130) at a substantially perpendicular angle with
combined translation and tilting movements onto the sec-

ond scanning mirror (162).

. Projection exposure system (100) according to any of

Claims 3 to 6,

wherein the combined translation and tilting movements
of the mirrors (161, 162, 163, 164) of the scanning de-
vice (160) are coordinated with one another in such a
way that substantially the same optical path length
(OPL) for the EUV radiation (400) from the reticle stage
(130) to the projection optical unit (140) results for

each scanning position of the mirrors (161, 162, 163,



10

15

20

25

30

35

WO 2014/064224 PCT/EP2013/072335

10.

11.

26

164) .

. Projection exposure system (100) according to any of the

preceding claims,
wherein the projection lens (140) is designed to be

telecentric at least on the input side.

. Projection exposure system (100) according to any of the

preceding claims,

wherein the projection exposure system (100) comprises a
vacuum chamber (110) having a first partial chamber
(111), which receives the illumination device (120), and
a second partial chamber (112), which receives the pro-
jection lens (140), and at least one partition (114,
115) introducible between the illumination device (120)
and the reticle stage (130) or between the projection
lens (140) and the reticle stage (130) and serving for
separating the two partial chambers (111, 112).

Projection exposure system (100) according to any
of the preceding claims,
furthermore comprising a damping device (170) for damp-
ing oscillatory movements of a transmission reticle
(200) arranged in the reticle stage (130),
wherein the damping device (170) is designed to reduce
the oscillatory movements of the transmission reticle
(200) by blowing a gas on the transmission reticle (200)
and/or by means of active acoustic or mechanical damp-

ing.

Projection exposure system (100) according to any
of the preceding claims,
wherein an input mirror (141) of the projection lens
(140) and/or a sectional plane (420, 430) arranged in
the beam path between the transmission reticle (200) and
the input mirror (141) and parallel to the reticle plane

(202) have/has a mirror-symmetrical and/or rotationally
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symmetrical angle-of-incidence spectrum.

Transmission reticle (200) for an EUV lithography
projection exposure system (100) according to any of the
preceding Claims 1 to 11,

comprising a carrier layer (210) composed of a silicon-,
germanium—-, molybdenum, niobium- and/or zirconium-—
containing material and a structured absorber layer

(220) arranged on the carrier layer (210).

Transmission reticle (200) according to Claim 12,

wherein the carrier layer (210) comprises a layer stack
(211) composed of silicon and/or germanium layers sepa-
rated from one another in each case by a zirconium sili-

cide layer.

Transmission reticle (200) according to Claim 12 or
13,
wherein the absorber layer (220) is formed from a mate-

rial containing nickel and/or tantalum nitride.

Transmission reticle (200) according to any of
Claims 12 to 14,
wherein the carrier layer (210) is provided at least on
one side with a protective layer (230) containing ruthe-
nium, rhodium, carbon, iridium and/or silicon nitride
(Si3N4) .

Reticle arrangement (500) comprising a transmission
reticle (200) according to any of Claims 12 to 15 and at
least one pellicle (510) composed of a silicon-, germa-
nium- and/or zirzonium-containing material arranged in

front of the transmission reticle (200).

Reticle arrangement (500) according to Claim 16,
wherein the transmission reticle (200) and the pellicle

(510) are enclosed by a common frame structure (520)
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comprising at least one feed opening (521) for feeding
gas into the interspace (530) between transmission reti-
cle (200) and pellicle (510).
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