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lateral position of the image of the measurement structure in 
the area of the detector during the exposure process . 
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PROJECTION EXPOSURE SYSTEM FOR 
MICROLITHOGRAPHY WITH A 

MEASUREMENT DEVICE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[ 0001 ] This application is a Continuation of U . S . patent 
application Ser . No . 157639 , 722 , filed Jun . 30 , 2017 , and 
scheduled to issue on Aug . 7 , 2018 , as U . S . Pat . No . 
10 , 042 , 271 , which is a Continuation of U . S . patent appli 
cation Ser . No . 14 / 679 , 221 , filed Apr . 6 , 2015 , now U . S . Pat . 
No . 9 , 696 , 639 , which is a Continuation of U . S . patent 
application Ser . No . 12 / 838 , 393 , filed Jul . 16 , 2010 , now 
U . S . Pat . No . 9 , 001 , 304 , which is a Continuation of Inter 
national Application PCT / EP2009 / 000006 , with an interna 
tional filing date of Jan . 2 , 2009 , which was published under 
PCT Article 21 ( 2 ) in English , and which claims priority of 
German Patent Application No . 10 2008 004 762 . 7 , filed 
Jan . 16 , 2008 , as well as of U . S . Provisional Application No . 
61 / 011 , 313 filed Jan . 16 , 2008 . The disclosures of these U . S . 
Non - Provisional Applications , this International Applica 
tion , this German Patent Application and this U . S . Provi 
sional Application are incorporated into the present Con 
tinuation Application in their respective entireties by 
reference . 

measurements one trusts in the short - term stability of the 
projection system . Conventional systems have relatively 
high short - term stability in comparison with EUV systems . 
The stability requirements for the image position when 
updating the conventional concept of image position control 
leads to an increase in the mechanical stability requirement 
in the image position of 1 nm with conventional systems to 
0 . 2 nm with EUV systems over a period of 5 minutes . A 
main contribution to errors in the stability of the mirror 
positions is the thermal expansion of the mechanical base 
structure of the objective . In order to fulfill the stringent 
requirements set regarding image stability , one is currently 
following the path of using materials with extremely low 
thermal expansion coefficients for the structure of the pro 
jection objective . However , this type of material is 
extremely cost - intensive , sensitive and difficult to process . 

SUMMARY 

FIELD OF THE INVENTION 
[ 0002 ] The invention relates to a projection exposure 
system for microlithography . This type of projection expo 
sure system normally has a mask holding device in the form 
of a mask table or a so - called “ reticle stage ” for holding a 
mask or a so - called “ reticle ” with mask structures disposed 
on the latter . Furthermore , this type of projection exposure 
system normally comprises a substrate holding device in the 
form of a so - called " wafer stage ” for holding a substrate in 
the form of a wafer and projection optics for imaging the 
mask structures onto the substrate . 

BACKGROUND 
[ 0003 ] With conventional projection exposure systems the 
quality of the image often suffers due to smearing . If the 
image position drifts over the wafer during exposure of a 
field , the latent image becomes smeared in the photoresist . 
This has the effect of superimposition errors or so - called 
" overlay ” errors in the printed structures . These smearing 
problems occur to a particularly large extent with EUV 
projection exposure systems . EUV projection exposure sys 
tems expose structures with light with a wavelength in the 
extreme ultraviolet wavelength range , e . g . with a wave 
length of 13 . 5 nm . In the roadmap of the semiconductor 
industry optical lithography plays an essential role in EUV . 
Only mirrors are considered here as optical components . 
With mirror optics a change in the position of the mirror 
and / or the mirror tilt setting leads as a first approximation to 
movement of the image . The requirements for mechanical 
stability of the optical components are substantially more 
stringent in comparison with refractive systems . 
[ 0004 ] With conventional projection exposure systems the 
field position during the exposure of a wafer is monitored a 
number of times with appropriate adjustment or so - called 
" alignment ” sensors , and corresponding correction mea 
sures are introduced . For this purpose the actual exposure 
process of the photoresist is interrupted . Between the control 

[ 0005 ] It is an object of the invention to solve the afore 
mentioned problems , and in particular to provide a projec 
tion exposure system wherein smearing of the latent image 
in the photoresist is largely prevented . 
[ 0006 ] This and other objects can be achieved according to 
one aspect of the invention with a projection exposure 
system for microlithography which comprises : a mask hold 
ing device for holding a mask with mask structures disposed 
on the latter , a substrate holding device for holding a 
substrate , projection optics for imaging the mask structures 
onto the substrate during an exposure process , a measure 
ment structure which is disposed in a defined position with 
respect to a reference element of the projection exposure 
system , which defined position is mechanically uncoupled 
from the position of the mask holding device , a detector 
arranged for recording an image of the measurement struc 
ture produced by imaging of the latter using the projection 
optics , the projection exposure system being configured 
such that during operation of the projection exposure system 
the imaging of the mask structures onto the substrate and the 
imaging of the measurement structure onto the detector take 
place at the same time , i . e . simultaneously or contempora 
neously , i . e . , at least partly overlapping in time , respectively 
with the projection optics . The projection exposure system 
further comprises an evaluation device which is configured 
to establish a lateral position of the image of the measure 
ment structure in the area of the detector during the exposure 
process . 
[ 0007 ] Furthermore , according to another aspect of the 
invention , a method for monitoring the lateral imaging 
stability of a projection exposure system for microlithogra 
phy is provided . The method according to the invention 
comprises : holding a mask with mask structures disposed on 
the latter using a mask holding device which is movably 
mounted in relation to a reference element of the projection 
exposure system , a measurement structure being disposed in 
a defined position with respect to a reference element of the 
projection exposure system , which defined position is 
mechanically uncoupled from the position of the mask 
holding device , imaging the mask structures onto a substrate 
in an exposure process and imaging the measurement struc 
ture the area of a detector , the imaging of the mask structures 
and the imaging of the measurement structure respectively 
taking place at the same time with projection optics of the 
projection exposure system , recording the image of the 
measurement structure with the detector , and establishing a 
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lateral position of the image of the measurement structure in 
the area of the detector during the exposure process . 
[ 0008 ] According to another aspect of the invention , a 
projection exposure system is provided with a measurement 
device designed to establish the lateral position of the image 
of the measurement structure in the area of the detector , in 
particular on the recording surface of the detector , which is 
advantageously a level surface . This measurement device 
preferably comprises the measurement structure , the detec 
tor and the evaluation device . The measurement device is 
therefore designed to monitor the lateral imaging stability of 
the projection exposure system , according to one embodi 
ment the lateral imaging stability of the projection optics , 
during the exposure process . 
[ 0009 ] The lateral position is established during the expo 
sure process , i . e . at the same time as the exposure process of 
imaging the mask structures onto the substrate takes place , 
preferably several times in the course of the exposure 
process . According to one embodiment the term “ exposure 
process ” in this context refers to the exposure of only one 
field on the substrate which is performed in case of a step 
and scan exposure system in a continuous exposure , during 
which the mask and the substrate are scanned continuously . 
According to another embodiment the term “ exposure pro 
cess ” refers to an exposure , which comprises several field 
exposures on a substrate , in particular the exposure of the 
entire substrate . 
[ 0010 ] For this purpose the imaging of the mask structures 
and of the measurement structures is performed simultane 
ously or contemporaneously with the projection optics . The 
lateral position is understood as being the position of the 
image laterally to the propagation direction of the radiation 
producing the image in the area of the detector . In particular , 
the lateral position is the position of the image in a plane 
parallel to or coincident with the recording surface of the 
detector . If the optical beam imaging the measurement 
structure strikes the recording surface directly after passing 
through the projection optics , i . e . without being deflected , 
the lateral position of the image of the measurement struc 
ture is the position of the image in a plane lateral to the 
optical axis of the projection optics . 
10011 ] The reference element , with respect to which the 
measurement structure is disposed in a defined position can 
e . g . be a reference frame of a mask table or a so - called 
“ reticle stage ” . Further possible reference elements will be 
described later . The mask holding device is mounted mov 
ably in relation to this type of reference frame . This applies 
both to the case where the projection exposure system is in 
the form of a so - called “ stepper ” and in the case where the 
projection exposure system is designed as a so - called " scan 
ner ” . With the embodiment as a “ stepper ” , before exposing 
a field the mask holding device is moved in relation to the 
reference frame to the optimal alignment of the mask during 
exposure . With a “ scanner " , during exposure process of the 
respective field the mask holding device is additionally 
moved in relation to the reference frame and so in relation 
to the projection optics . 
[ 0012 ] The defined position , in which the measurement 
structure is disposed with respect to the reference element 
can be obtained by continuous measurement of the distance 
between the measurement structure and the reference ele 
ment or by fixing the measurement structure rigidly to the 
reference element , as will be described in more detail later . 
As mentioned above , the defined position is mechanically 

uncoupled from the position of the mask holding device . 
That means that the measurement structure is not coupled to 
the mask holding device . Therefore its position does not 
move with the position of the mask holding device . In 
particular , the measurement structure is not attached to the 
mask holding device and is not contained on the mask itself . 
The measurement structure is rather independent in its 
position from the mask holding device , in particular the 
mask holding device is movable with respect to the mea 
surement structure . 
[ 0013 ] As already stated , according to an aspect of the 
invention , a detector is provided for recording an image of 
the measurement structure produced by imaging with the 
projection optics in the area of the detector . Advantageously , 
this detector is independent of the substrate type . Therefore , 
the detector also functions if no substrate , e . g . in the form of 
a wafer , has been inserted into the substrate holding device . 
According to one embodiment the detector is in the form of 
an electro - optical detector which converts optical signals 
into electrical signals . 

[ 0014 ] The optical path of the image of the measurement 
structure produced on the detector advantageously has a 
clearly producible correlation to the optical path of the mask 
structures imaged on the substrate and is representative of 
the mechanical movement of the components of the projec 
tion exposure system . Therefore , the lateral position of the 
image of the mask structures produced on the substrate can 
be established with a high degree of accuracy from the 
lateral position of the image of the measurement structure . 
For this purpose , if appropriate , the movement of the sub 
strate holding device relative to the detector during the 
exposure process can be taken into consideration , as 
described in more detail later . As already stated above , 
according to this aspect of the invention , the detector is 
disposed such that during operation of the projection expo 
sure system the imaging of the mask structures onto the 
substrate and the imaging of the measurement structure onto 
the detector take place at the same time respectively using 
the projection optics . 
[ 00151 Advantageously , the imaging of the mask struc 
tures onto the substrate is unaffected here by the imaging of 
the measurement structures onto the detector . Since the 
respective imaging of the mask structures and of the mea 
surement structure take place at the same time , it is possible 
to correct the lateral position of the imaging while imaging 
the mask structures . Advantageously the projection exposure 
system is set up to correct the position of the lateral position 
of the image during the exposure process with the lateral 
position of the image of the measurement structure estab 
lished by the evaluation device . 
[ 0016 ] Aspects of the invention are based upon the insight 
that the smearing of the latent image in the photoresist 
observed with conventional projection exposure systems is 
caused to a substantial degree by a drift in the image position 
during exposure of a field on the substrate . By providing , 
according to one aspect of the invention , a measurement 
structure and an associated detector , the arrangement of the 
latter such that during operation of the projection exposure 
system the respective imaging of the mask structures and of 
the measurement structure takes place at the same time , and 
establishing the lateral position of the image , it is made 
possible to make a correction to the imaging characteristics 
during the mask structure imaging process . 
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[ 0017 ] The above - specified object may further be 
achieved with a projection exposure system for microlithog 
raphy comprising : projection optics for imaging a mask onto 
a substrate during an exposure process , a measurement 
structure disposed in a fixed position in relation to the 
projection optics , a detector for recording an image of the 
measurement structure produced by imaging with the pro 
jection optics , and an evaluation device which is configured 
to establish a lateral position of the image of the measure 
ment structure during the exposure process . In this context , 
disposing the measurement structure in a fixed position in 
relation to the projection optics does not necessarily mean 
absolutely rigid positioning of the elements in relation to one 
another , but rather that the measurement structure is not 
actively movable in relation to the projection optics . On the 
other hand , the measurement structure can by all means be 
separated from the projection optics by vibration isolation . 
[ 0018 ] According to an embodiment of the invention , the 
projection exposure system is configured such that the 
measurement structure is imaged by the projection optics 
directly onto the detector , i . e . no optics other that the 
projection optics is arranged between the measurement 
structure and the detector . 
[ 0019 ] According to a further embodiment of the inven 
tion , the detector is disposed in a defined position with 
respect to a detector related reference element . The defined 
position , in which the detector structure is disposed with 
respect to the detector related reference element can be 
obtained by continuous measurement of the distance 
between the measurement structure and the detector related 
reference element or by fixing the measurement structure 
rigidly to the detector related reference element . 
[ 0020 ] According to a further embodiment of the inven 
tion , the first reference element , now referred to as mea 
surement structure related reference element , and the detec 
tor related reference element are fixed to a common 
reference structure . That means the reference elements are 
respectively attached in a fixed position at the common 
reference structure . 
10021 ] According to a further embodiment of the inven 
tion , the first reference element , now referred to as mea 
surement structure related reference element , and the detec 
tor related reference element are identical , i . e . the same 
element . 
[ 0022 ] According to a further embodiment of the inven 
tion , the mask holding device is mounted movably in 
relation to the measurement structure related reference ele 
ment of the projection exposure system . 
[ 0023 ] According to a further embodiment of the inven 
tion , the substrate holding device is mounted movably in 
relation to the detector related reference element . 
[ 0024 ] According to a further embodiment of the inven 
tion , the measurement structure and / or the detector are fixed 
rigidly to the associated reference element . That means the 
measurement structure is attached in a fixed position to the 
first reference element and / or the detector structure is 
attached in a fixed position to the detector related reference 
element . The fixation can be performed with a rigid con 
nection element or by direct fixation at the respective 
reference element . Accordingly , the defined position of the 
measurement structure with respect to the first reference 
element and / or the detector with respect to the detector 
related reference element is obtained . 

[ 0025 ] According to a further embodiment of the inven 
tion , the projection exposure system comprises a distance 
sensor configured to obtain the respective defined position of 
the measurement structure and / or the detector by measuring 
its distance from the associated reference element . That 
means a distance sensor is provided for measuring the 
distance between the measurement structure and the first 
reference element in order to obtain the defined position of 
the measurement structure . If applicable , a further distance 
sensor measures the distance between the detector and the 
detector related reference element in order to obtain the 
defined position of the detector . 
[ 0026 ] According to a further embodiment of the inven 
tion , the measurement structure and / or the detector are 
attached to the projection optics , also referred to as projec 
tion objective , in a respective fixed position and a distance 
sensor is arranged to measure the distance between the 
projection optics and at least one reference element , espe 
cially to the first reference element . Accordingly , the defined 
position of the measurement structure and or the detector 
from the respective reference element is obtained . As men 
tioned above the measurement structure related reference 
element and the detector related reference element can be 
combined as a single reference element . In this case the 
distance between the projection optics and the single refer 
ence element is measured . 
10027 ] . According to a further embodiment of the inven 
tion , the measurement structure and / or the detector are 
attached to the projection optics in a respective fixed posi 
tion and the distance sensor comprises two sensor modules , 
a first one arranged in order to measure the distance between 
the measurement structure and the measurement structure 
related reference element and a second one arranged in order 
to measure the distance between the detector and the detec 
tor related reference element . 
10028 ] According to a further embodiment of the inven 
tion , the projection exposure system further comprises stage 
sensors configured to monitor the distance between the mask 
holding device and the measurement structure related ref 
erence element , as well as the distance between the substrate 
holding device and the detector related reference element 
during the exposure process , wherein the evaluation device 
is configured to evaluate the established lateral position of 
the image of the measurement structure and the distances 
established by the stage sensors and to establish therefrom a 
deviation of the imaging position of a respective mask 
structure on the substrate from its target position during the 
exposure process . 
[ 0029 ] According to a further embodiment of the inven 
tion , the reference element is the projection optics , the 
measurement structure is attached to the projection optics in 
a fixed position and the projection exposure system further 
comprises a sensor module , which is configured to measure 
the distance between the measurement structure and the 
mask holding device during the exposure process . This 
sensor module can e . g . be an optical position encoder . 
[ 0030 ] According to a further embodiment of the inven 
tion , the reference element is the projection optics , the 
detector is attached to the projection optics in a fixed 
position and the projection exposure system comprises a 
second sensor module configured to measure the distance 
between the detector and the substrate holding device during 
the exposure process . 
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[ 0031 ] In another embodiment according to the invention , 
the evaluation device is configured to establish the lateral 
position of the image of the measurement structure produced 
in the area of the detector , in particular on the recording 
surface of the detector , during the exposure process in real 
time . Therefore , the evaluation device establishes the lateral 
position of the image of the measurement structure at the 
time when the measurement structure is produced . In this 
way it is possible to immediately correct the imaging 
characteristics of the projection exposure system , and in this 
way image smearing can be prevented particularly effec 
tively . According to a further embodiment of the invention , 
the projection exposure system further comprises a control 
device which is configured to manipulate the operation of 
the projection exposure system in real time in order to 
correct lateral imaging instabilities of the projection expo 
sure system . 
[ 0032 ] According to a further embodiment of the inven 
tion , the evaluation device is configured to establish a lateral 
imaging stability of the projection exposure system during 
the exposure process using the established lateral position of 
the image of the measurement structure and the projection 
exposure system further comprises a control device config 
ured to manipulate the operation of the projection exposure 
system during the exposure process such that lateral imaging 
instabilities of the projection exposure system established by 
the evaluation device are corrected . Thereby lateral image 
shifts occurring on the substrate during the exposure process 
can be corrected . 
[ 0033 ] According to a further embodiment of the inven 
tion , the projection optics comprise a positioning device 
configured to change the position of an optical element of 
the projection optics . The positioning device can also be 
referred to as actuator . The position to be changed by the 
positioning device can be the location of the optical element 
in the coordinate system or the tilt of the optical element 
with respect to the optical axis of the projection optics . 
[ 0034 ] According to a further embodiment of the inven 
tion , the positioning device is arranged between the optical 
element and a counter mass to the optical element , which 
counter mass is arranged via a spring element to a frame 
element of the projection optics . In this manner , movements 
of the optical element do not impact the stability of other 
optical elements in the projection optics . 

[ 0035 ] According to a further embodiment of the inven 
tion , the control device is configured to modify the position 
of the mask holding device and / or the position of the 
substrate holding device during the exposure process in 
order to correct the lateral imaging instabilities . In a case , in 
which the projection exposure system is configured as a step 
and scan system , also referred to as scanner , the control 
device modifies the scanning movement of the mask holding 
device and / or the substrate holding device such , that the 
lateral imaging instabilities are corrected for . 
0036 ] According to a further embodiment of the inven 
tion , the substrate holding device comprises a base part , an 
adjustment part configured for holding the substrate and an 
actuator arranged to move the adjustment part with respect 
to the base part during the exposure process in order to 
correct lateral imaging instabilities . Advantageously , the 
adjustment part is lighter in weight compared to the base 
part . Position adjustments to the adjustment part can thereby 
be performed very quickly . 

( 0037 ] According to a further embodiment of the inven 
tion , the projection exposure system further comprises a 
pulsed radiation source providing illumination radiation for 
imaging the mask structures onto the substrate , wherein the 
control device is configured to trigger the radiation source 
based on the lateral imaging stability over time established 
by the evaluation device such that a radiation pulse is 
generated at a point in time , at which the lateral position of 
the image of the mask structures is within a predetermined 
tolerance with respect to a target position . 
[ 0038 ] In a further embodiment according to the inven 
tion , the evaluation device is configured to identify a change 
to the lateral position of the image of the measurement 
structure occurring over the temporal progression of the 
exposure process from the position of the image of the 
measurement structure in the area of the detector , in par 
ticular on the detector , established in real time , and further 
more the projection exposure system has a positioning 
device which is configured to change the position of at least 
one element of the projection exposure system , in particular 
the mask holding device , the substrate holding device and / or 
an optical element of the projection optics in order to correct 
the lateral position of the image of the measurement struc 
ture on the detector . The positioning device can concertedly 
act upon a number of elements of the projection optics . As 
already indicated above , in the case where the projection 
exposure system is in the form of a so - called “ scanner " , the 
correction to the position of the mask holding device or of 
the substrate holding device can include a correction to the 
movement sequence implemented during imaging of a field 
of the mask holding device or the substrate holding device . 
The lateral position of the image of the measurement struc 
ture can also be corrected by changing the position or the 
location of an optical element of the projection optics , such 
as for example of an individual mirror in the projection 
optics or by the coordinated movement of a number of 
mirrors . The aim of the correction measures to the position 
ing device is to keep the lateral position of the image of the 
measurement structure on the detector constant during the 
exposure process , and so to prevent a deviation of the lateral 
position of the image of the mask structures on the substrate 
from its lateral desired position during the exposure process . 
[ 0039 ] According to a further embodiment of the inven 
tion , the projection exposure system further comprises a 
control device which is configured to control the positioning 
device such that the position of the at least one element of 
the projection exposure system is corrected in real time 
resulting in the lateral position of the image of the measure 
ment structure on the detector to remain stable during the 
exposure process . A correction in real time means that the 
correction is performed at the same time as the deviation of 
the lateral position of the image of the measurement struc 
ture is detected . 
[ 0040 ] In a further embodiment according to the inven 
tion , the projection exposure system is configured to image 
the mask structures with light in the EUV and / or higher 
frequency wavelength range onto the substrate . In other 
words , the projection exposure system is designed as an 
EUV exposure system which is operated with an exposure 
wavelength in the extreme ultraviolet wavelength range of 
e . g . 13 . 5 nm . As already mentioned at the start , the projec 
tion optics of an EUV projection exposure system is gen 
erally made up purely of reflective optical elements . Since a 
change to the position of this type of reflective optical 
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element as a first approximation leads to a movement of the 
image on the substrate , this type of EUV projection exposure 
system benefits in particular from establishing , according to 
the invention , the lateral image position during the exposure 
process . 
[ 0041 ] In a further embodiment according to the inven 
tion , the evaluation device is configured to establish the 
lateral position of the image of the mask structures produced 
on the substrate from the image of the measurement struc 
ture recorded by the detector . The lateral position of the 
image of the mask structures is understood as meaning the 
position of the image in the imaging plane . In general , the 
substrate , e . g . in the form of a wafer , is located in this 
imaging plane . The lateral position of the image of the mask 
structures determined by the measurement device according 
to this aspect of the invention is in this case the position of 
the image on the surface of the substrate . By establishing the 
lateral position of the image of the mask structures , more 
precise correction measures during exposure are made pos 
sible , and as a result the quality of the image produced on the 
substrate is increased . 
[ 0042 ] In a further embodiment according to the inven 
tion , the measurement structure is disposed on the mask side 
and the detector is disposed on the substrate side in relation 
to the projection optics . Alternatively , the arrangement can 
also be reversed , i . e . the measurement structure can in this 
case be disposed on the substrate side and the detector on the 
mask side . Advantageously , the measurement structures and 
the detector are disposed in planes which are conjugated to 
the mask plane or to the substrate plane . In an alternative 
embodiment both elements can be disposed in other sharp 
ness planes conjugated to one another . 
0043 ] In a further embodiment of the version according to 
the invention wherein the measurement structure is disposed 
on the mask side and the detector is disposed on the substrate 
side , the mask holding device forms part of a mask table and 
the reference element is the reference frame of the mask 
table . The measurement structure disposed on the reference 
element thus remains static in relation to the movement of 
the mask during exposure in the case of a so - called " scan 
ner ” . The reference frame of the mask table is substantially 
stationary to the projection optics . The reference frame can 
be securely connected to the projection optics here or also be 
coupled to the latter by vibration isolation . In the version in 
which the measurement structure is disposed on the sub 
strate side and the detector on the mask side , the substrate 
holding device advantageously forms part of a substrate 
table , and the reference element is the reference frame of the 
substrate table . 
[ 00441 In a further embodiment according to the inven 
tion , the substrate holding device is mounted movably in 
relation to the detector . As already mentioned above the 
projection exposure system may have a second reference 
element , in relation to which the substrate holding device is 
mounted movably . In one embodiment this second reference 
element can be the reference frame of a substrate table or of 
a so - called “ wafer stage ” which also comprises the substrate 
holding device . 
10045 ] In a further embodiment according to the inven 
tion , both the measurement structure and the detector are 
disposed on one side of the projection optics and a reflective 
element is disposed on the other side of the projection optics 
such that the radiation produced by the measurement struc 
ture is reflected back by the reflective element into the 

projection optics after passing through the projection optics 
for the first time and strikes the detector after passing 
through the projection optics for a second time . In this 
configuration the available space required on the substrate 
side for the measurement device can be kept small . 
[ 0046 ] In a further embodiment according to the inven 
tion , the projection exposure system , in particular the above 
mentioned measurement device , has at least a second detec 
tor for recording an image of a second measurement struc 
ture produced by imaging with the projection optics on the 
second detector , the projection exposure system being con 
figured such that the electromagnetic radiation producing the 
image of the second measurement structure passes through 
a different optical path through the projection optics than the 
electromagnetic radiation producing the image of the first 
measurement structure . In particular , the optical paths are 
configured such that the image of the first measurement 
structure and the image of the second measurement structure 
are disposed at different positions in relation to the field 
imaged on the substrate . Therefore , the imaging character 
istics of the projection optics can be established both with 
regard to lateral movement and to rotation of the imaged 
structures . In one embodiment according to the invention , 
both the first detector and the second detector are configured 
to measure the imaging characteristics of the projection 
optics with regard to lateral movement in the x and y 
direction . 
[ 0047 ] In a further embodiment according to the inven 
tion , the measurement structure respectively has two alter 
nately disposed first and second structure elements , the first 
structure elements causing a higher light intensity in their 
imaging onto the detector than the second structure ele 
ments . The first structure elements can also be identified as 
so - called bright structure elements . On the detector they lead 
to bright regions in contrast to the second “ dark ” structure 
elements which lead to corresponding dark regions on the 
detector . In comparison with the dark structure elements the 
bright structure elements can e . g . have a higher transmission 
capability if the measurement structure is in the form of a 
transmission mask or higher reflectivity if the measurement 
structure is in the form of a reflection mask . Since the 
measurement structure respectively has two alternately dis 
posed first and second structure elements of the aforemen 
tioned type , the measurement structure is in the form of a 
“ pattern ” in contrast to a punctiform measurement structure . 
Due to the design of the measurement structure as a “ pat 
tern ” , the position of the image of the measurement structure 
on the detector can be established with greater accuracy in 
comparison to a punctiform design of the measurement 
structure . 
10048 ] In a further embodiment according to the inven 
tion , the measurement structure has a periodic structure , in 
particular a grating structure . Therefore , the measurement 
structure comprises periodically alternately disposed first 
and second structure elements . The embodiment of the 
measurement structure as a periodic structure enables par 
ticularly accurate determination of the position of the image 
of the measurement structure on the detector . In further 
embodiments according to the invention the measurement 
structure has combined gratings , dot patterns , checker - board 
patterns , non - periodic lines and / or patterns with different 
line thicknesses and spacing encodings . Furthermore , the 
measurement structure with the embodiment as a grating 
structure can have a spatial variation of the grating spacing , 
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a spatial variation of the line width and / or a variation of the 
directions of the lines . In a further embodiment separate 
patterns for x and y position measurement are implemented 
in the measurement structure , or the measurement patterns 
are deftly combined for the two co - ordinate directions . 
[ 0049 ] In a further embodiment according to the inven 
tion , the detector has a locally resolving two - dimensional 
sensor and a detector structure disposed in front of the 
two - dimensional sensor , in particular in the form of a 
detector grating , and the detector is set up to record the 
image produced on the detector by imaging with the pro 
jection optics by the detector recording a pattern produced 
by superimposing the image of the measurement structure 
with the detector structure . By superimposing the measure 
ment structure , which is also advantageously in the form of 
a grating , with the detector structure , the position can be 
determined particularly accurately . The measurement struc 
ture and the detector structure can respectively be formed 
with the structures mentioned above , but are advantageously 
correspondingly adapted to one another . 
[ 0050 ] In a further embodiment according to the inven 
tion , the measurement structure has a measurement grating 
and the detector has a locally resolving two - dimensional 
sensor and a detector grating disposed in front of the 
two - dimensional sensor , the detector grating being adapted 
to the measurement grating such that a relative movement of 
the gratings in relation to one another can be measured using 
the Moiré measurement method . The Moiré measurement 
method , which is basically known to the person skilled in the 
art , utilizes the Moiré effect with which long - period bright 
ness modulations are produced by superimposing two line 
gratings the grating constants of which only slightly deviate 
from one another . By evaluating the pattern produced a 
relative movement of the two gratings in relation to one 
another can be established with a high degree of precision . 
The evaluation device according to one aspect of the inven 
tion advantageously implements the Moiré evaluation with 
the two - dimensional intensity pattern established using the 
locally resolving two - dimensional sensor . The detector grat 
ing is advantageously adapted to the measurement grating 
such that the period of the measurement grating when 
imaging onto the detector grating slightly differs from the 
period of the detector grating . 
[ 0051 ] In a further embodiment according to the inven 
tion , the detector grating comprises n partial gratings , n 
being at least two , and advantageously at least four , the 
periods of the partial gratings respectively corresponding to 
the period of the measurement grating , and adjacent partial 
gratings respectively being disposed with a period offset in 
relation to one another by an nth of the period of the 
measurement grating . By using partial gratings with a con 
stant period , at n different measurement points with different 
phase displacement the respective signal can be recorded 
with a relatively large detector measurement surface without 
signal washout . In contrast to the measurement method with 
which the measurement and the detector gratings have 
different grating constants and so a specific phase displace 
ment is only present at discreet points , when using partial 
gratings the same phase displacement is respectively present 
for the whole partial grating . Therefore , by using the partial 
gratings for each measurement point the Moiré pattern can 
be measured over an extended detector area , and so the 
contrast of the measurement signal can be increased . The 
period of the Moiré pattern can then be established from the 

measurement signals measured at the n measurement points . 
The detector grating may only comprise two partial gratings 
if there are restrictions in the catch range . When using at 
least four partial gratings these restrictions are not necessary . 
If two spatial directions are to be measured , advantageously 
two detector gratings are provided . 
10052 ] . In a further embodiment according to the inven 
tion , the mask is in the form of a reflection mask and the 
projection exposure system is configured to image the 
reflection mask onto the substrate . In particular , the projec 
tion exposure system comprises the reflection mask . By 
using a reflection mask a measurement structure which is 
also designed to be reflective can be introduced into the 
optical path of the radiation source illuminating the mask 
such that the mask illumination radiation can also be used 
for imaging the measurement structure without a region for 
the passage of the radiation used for the imaging of the 
measurement structure having to be kept free on the mask . 
In the case where the mask is in the form of a transmission 
mask and the illumination radiation of the mask is also to be 
used for imaging the measurement structure , the illumina 
tion radiation used for imaging the measurement structure 
must advantageously first of all pass through the mask . For 
this purpose a region on the mask must be kept free for the 
passage of this radiation , and this reduces the mask surface 
usable for imaging the mask structures . However , the 
embodiment of the mask as a reflection mask enables 
implementation of the method according to this aspect of the 
invention without losing any usable mask surface . 
[ 0053 ] In a further embodiment according to the inven 
tion , the projection optics only comprise reflective optical 
elements and mirrors . A change in the position or location of 
each individual reflective optical element leads to a move 
ment of the lateral position of the image both of the 
measurement structure and of the mask structures . The 
measurement according to this aspect of the invention of the 
lateral image position during exposure makes it possible 
with such projection optics to improve the image quality to 
a particular degree . 
[ 0054 ] In a further embodiment according to the inven 
tion , the projection exposure system is configured as a 
so - called " scanner " . The person skilled in the art under 
stands a " scanner ” as being a projection exposure system 
wherein during the exposure of a field both the mask and the 
substrate are continually moved in relation to the projection 
optics . These systems are also known as so - called " step and 
scan ” exposure systems . 
10055 ] In a further embodiment according to the inven 
tion , the projection exposure system furthermore has a 
radiation source for illuminating the mask with illumination 
radiation , both the mask and the measurement structure 
being illuminated with the same illumination radiation . This 
illumination radiation has in particular a wavelength in the 
EUV wavelength range or wavelength range of higher 
frequency 
[ 0056 ] In a further embodiment according to the inven 
tion , the projection exposure system has a first radiation 
source for illuminating the mask with illumination radiation 
of a first wavelength , in particular in the EUV wavelength 
range , and a second radiation source for illuminating the 
measurement structure with illumination radiation of a sec 
ond wavelength , the second wavelength being in the wave 
length range of 120 nm to 1100 nm , and in particular 365 
nm . The first wavelength differs from the second wave 
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length . The illumination radiation of the first wavelength 
does not have the second wavelength , and conversely the 
illumination radiation of the second wavelength does not 
have the first wavelength . When using illumination radiation 
in the UV wavelength range the measurement structure can 
be recorded by detectors developed for the UV range . A 
resolution improvement can be brought about by reducing 
the aerial image period by reducing the kl factor , e . g . 
through oblique illumination . 
[ 0057 ] In a further embodiment according to the inven 
tion , the projection exposure system has a vacuum chamber 
in which the imaging of the mask structures onto the 
substrate takes place using the illumination radiation of the 
first wavelength in the EUV wavelength range , and wherein 
the measurement structure is disposed within the vacuum 
chamber . Advantageously , the illumination radiation pro 
duced by the second radiation source is directed into the 
vacuum chamber by an optical fiber and strikes the mea 
surement structure here . 
[ 0058 ] In a further embodiment according to the inven 
tion , the illumination radiation of the second wavelength is 
directed by a prism or mirror into the optical path of the 
projection optics . 
[ 0059 ] In a further embodiment according to the inven 
tion , a mask table comprising the mask holding device , the 
reference element in the form of a mask table reference 
frame and the measurement structure , the projection optics 
and a substrate table comprising the substrate holding 
device , a substrate table reference frame and the detector 
move mechanically freely in relation to one another during 
exposure . A control signal is established for a positioning 
device from the established lateral position of the image of 
the measurement structure on the detector , the positioning 
device changes the position of at least one element of the 
projection exposure system during the exposure process 
upon the basis of the control signal such that the movements 
between the mask table , the projection optics and the sub 
strate table are thus compensated in their effect upon the 
lateral position of the image of the measurement structure on 
the detector . 
[ 0060 ] Furthermore , according to another aspect of the 
invention , a projection exposure system for microlithogra 
phy , in particular according to any of the preceding projec 
tion exposure systems , is provided comprising : a mask 
holding device for holding a reflection mask with mask 
structures disposed on the latter , projection optics for imag 
ing the mask structures onto a substrate , a radiation source 
which is configured to produce an illumination beam radi 
ated obliquely onto the reflection mask so that the propa 
gation direction of a reflected beam produced by reflection 
of the illumination beam on the reflection mask and directed 
towards the projection optics is tilted in relation to the 
opposite propagation direction of the illumination beam , and 
a diverting device for diverting a measurement beam from 
the illumination beam . The diverting device comprises : a 
coupling / uncoupling device and a measurement mirror hav 
ing a measurement structure , the coupling / uncoupling 
device and the measurement mirror being disposed in the 
optical path of the illumination beam such that during 
operation of the projection exposure system a partial beam 
of the illumination beam is directed from the coupling 
uncoupling device onto the measurement structure of the 
measurement mirror , from here is reflected back onto the 
coupling / uncoupling device , and by the latter is coupled as 

the measurement beam into the optical path of the beam 
reflected by the reflection mask . Advantageously the 
coupled partial beam has the same propagation direction as 
the reflected beam . The coupling / uncoupling device can 
only be designed in the form of a mirror or also comprise 
two individual mirrors , one for uncoupling the partial beam 
from the illumination beam , and one for coupling the 
measurement beam into the optical path of the reflected 
beam . 
[ 0061 ] Furthermore , according to a further aspect of the 
invention , a method is provided for determining a property 
of an image produced on a substrate , in particular according 
to any of the aforementioned embodiments of the method for 
determining the lateral position of an image produced on a 
substrate by a projection exposure system . The method 
according to this aspect of the invention comprises : holding 
a reflection mask with mask structures disposed on the latter , 
producing an illumination beam with a radiation source and 
radiating the illumination beam onto the reflection mask 
obliquely so that by reflection of the illumination beam on 
the reflection mask a reflected beam is produced which is 
tilted in relation to the opposite propagation direction of the 
illumination beam , and diverting a measurement beam from 
the illumination beam by disposing a coupling / uncoupling 
device and a measurement mirror in the optical path of the 
illumination beam such that a partial beam of the illumina 
tion beam is reflected back by the coupling / uncoupling 
device and is coupled by the latter as the measurement beam 
into the optical path of the beam reflected by the reflection 
mask . Advantageously the partial beam is coupled by the 
coupling / uncoupling device into the optical path of the beam 
reflected by the reflection mask such that the coupled partial 
beam has the same propagation direction as the reflected 
beam . 
[ 0062 ] The diverting device according to this aspect of the 
invention makes it possible to image the measuring structure 
onto a detector with the same radiation as the mask struc 
tures onto the substrate . By using the same radiation a 
particularly precise correlation between the imaging of the 
measurement structure and the imaging of the mask struc 
tures can be produced . Furthermore , the diverting device 
according to this aspect of the invention makes it possible to 
divert the measurement beam without having any negative 
impact upon the imaging of the measurement structures , and 
in particular without any necessity for keeping regions on 
the mask for the imaging of the measurement structure . The 
use of the illumination radiation used for the imaging of the 
mask structures also for the imaging of the measurement 
structure makes it possible to determine a position deviation 
of the image of the measurement structure on the detector 
with comparable precision with which the mask structures 
are also printed onto the substrate . The diverting device 
according to this aspect of the invention therefore enables 
particularly precise determination of the lateral position of 
the image of the mask structures produced on the substrate , 
through which smearing of the latent image of the mask 
structures in the photoresist is largely prevented . 
[ 0063 ] In a further embodiment of the projection exposure 
system and of the method according to the invention , the 
wavelength of the illumination beam is in the EUV and / or 
higher frequency wavelength range . 
[ 0064 ] In a further embodiment according to the inven 
tion , the diverting device is configured such that the optical 
path length for the radiation of the partial beam diverted 
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from the illumination beam by the coupling / uncoupling 
device up to entry as a measurement beam into the optical 
path of the reflected beam deviates by maximum 0 . 5 mm 
from the optical path length which the electromagnetic 
radiation of the partial beam of the illumination beam not 
diverted by the coupling / uncoupling device has passed 
through up to entry of the measurement beam into the 
reflected beam . In particular , both optical path lengths are 
identical . The imaging of the measurement structure onto the 
detector is therefore associated with the same image errors 
as the imaging of the mask structures onto the substrate . This 
makes possible a particularly precise correlation between the 
detector measurement and the lateral movement of the 
image of the mask structures . Advantageously , the projec 
tion optics are optimized with regard to the imaging of the 
mask structures in relation to imaging errors , in particular 
spherical aberrations . According to the embodiment men 
tioned above , the imaging of the measurement structure onto 
the detector is also optimized with regard to imaging errors 
that occur . 
[ 0065 ] In a further embodiment according to the inven 
tion , the projection exposure system has a measurement 
device for monitoring an imaging property of the projection 
optics , the measurement device comprising : the diverting 
device , a detector for recording an image of the measure 
ment structure which is produced by the measurement beam 
on the detector after the latter has passed through the 
projection optics , and an evaluation device which is config 
ured to establish the imaging property of the projection 
optics from the image of the measurement structure recorded 
by the detector . The imaging property determined by the 
measurement device is in particular the lateral imaging 
property described above . 
[ 0066 ] In a further embodiment according to the inven 
tion , the measurement structure and the detector are dis 
posed such that during operation of the projection exposure 
system the imaging of the mask structures onto the substrate 
and the imaging of the measurement structure onto the 
detector take place at the same time respectively with the 
projection optics . In a further embodiment according to the 
invention , the evaluation device is configured to establish a 
radiation intensity from the image of the measurement 
structure recorded by the detector and to control the dose of 
radiation provided by the radiation source with the radiation 
intensity established . It is therefore possible to dispose the 
diverting device in the region of the reflected useful beam 
used for imaging the mask structures onto the substrate and 
which is usually used for dose control of the projection 
exposure system . Therefore the same beam region is avail 
able for imaging the mask structures onto the substrate as 
with conventional projection exposure systems . 
[ 0067 ] In a further embodiment according to the inven 
tion , the coupling / uncoupling device is disposed such that 
the partial beam directed onto the measurement structure by 
the coupling / uncoupling device is tilted in relation to the 
plane which is spanned by the propagation vector of the 
illumination beam and the propagation vector of the tilted 
reflected beam such that the measurement mirror is disposed 
outside of the optical path of the beam reflected by the 
reflection mask . In particular , the coupling / uncoupling 
device is disposed such that the optical path of the uncoupled 
partial beam between the coupling / uncoupling device and 
the measurement mirror is tilted in relation to the optical axis 
of the projection optics . In a further embodiment according 

to the invention , the measurement mirror is disposed outside 
of the optical path of the beam reflected by the reflection 
mask projected along the spanned plane . 
[ 0068 ] In a further embodiment according to the inven 
tion , the measurement mirror is disposed outside of the 
optical path of the beam reflected by the reflection mask . 
This makes it possible to take the measurement of the lateral 
position of the imaged measurement structure without hav 
ing any negative impact upon the imaging of the mask 
structures . 
100691 . In a further embodiment according to the inven 
tion , the projection exposure system has a reference element 
opposite which the mask holding device is movably 
mounted and on which the diverting device is disposed . This 
reference element can in particular be the reference frame of 
a mask table . 
[ 0070 ] In a further embodiment of the projection exposure 
system having the diverting device , the evaluation device is 
configured to establish the lateral position of the image of 
the measurement structure produced on the recording sur 
face of the detector during the exposure process in real time . 
In a further embodiment according to the invention , the 
evaluation device is configured to identify a change to the 
lateral position of the image occurring over the temporal 
progression from the lateral position of the image of the 
measurement structure on the detector established in real 
time , and furthermore the projection exposure system has a 
positioning device which is configured to change the posi 
tion of an element of the projection exposure system , in 
particular the mask holding device , the substrate holding 
device and / or an optical element of the projection optics in 
order to correct the lateral position of the image of the 
measurement structure on the detector . 
[ 0071 ] In a further embodiment according to the inven 
tion , the projection exposure system having the diverting 
device is configured to image the mask structures with light 
in the EUV and / or higher frequency wavelength range onto 
the substrate . In a further embodiment according to the 
invention , the evaluation device is configured to establish 
the lateral position of the image of the mask structures 
produced on the detector from the image of the measurement 
structure recorded by the detector . In a further embodiment 
according to the invention of the projection exposure system 
having the diverting device , the mask holding device forms 
part of a mask table and the reference element is the 
reference frame of the mask table . Furthermore , it is advan 
tageous if the substrate holding device is mounted movably 
in relation to the detector . In a further embodiment according 
to the invention of the projection exposure system having 
the diverting device , the measurement device has at least a 
second detector for recording an image of a second mea 
surement structure produced by imaging with the projection 
optics on the second detector , the projection exposure sys 
tem being configured such that the electromagnetic radiation 
producing the image of the second measurement structure 
passes through a different optical path through the projection 
optics than the electromagnetic radiation producing the 
image of the first measurement structure . 
10072 ] . In a further embodiment according to the invention 
of the projection exposure system having the diverting 
device , the measurement structure respectively has two 
alternately disposed first and second structure elements , the 
first structure elements causing a higher light intensity in 
their imaging onto the detector than the second structure 
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elements . In a further embodiment according to the inven 
tion , the measurement structure has a periodic structure , in 
particular a grating structure . In a further embodiment 
according to the invention , the detector has a locally resolv 
ing two - dimensional sensor and a detector structure dis 
posed in front of the two - dimensional sensor , and the 
detector is set up to record the image produced on the 
detector by imaging with the projection optics by the detec 
tor recording a pattern produced by superimposing the 
image of the measurement structure with the detector struc 
ture . In a further embodiment according to the invention of 
the projection exposure system having the diverting device , 
the measurement structure has a measurement grating and 
the detector has a locally resolving two - dimensional sensor 
and a detector grating disposed in front of the two - dimen 
sional sensor , the detector grating being adapted to the 
measurement grating such that a relative movement of the 
gratings in relation to one another can be measured using the 
Moiré measurement method . In a further embodiment 
according to the invention the detector grating comprises n 
partial gratings , n being at least two , and advantageously at 
least four , the periods of the partial gratings respectively 
corresponding to the period of the measurement grating , and 
adjacent partial gratings being disposed respectively with a 
period offset in relation to one another by an nth of the 
period of the measurement grating . In a further embodiment 
according to the invention , the mask is in the form of a 
reflection mask and the projection exposure system is con 
figured to image the reflection mask onto the substrate . 
[ 0073 ] In a further embodiment according to the invention 
of the projection exposure system having the diverting 
device , the projection optics only comprise reflective optical 
elements or mirrors . In a further embodiment according to 
the invention , the projection exposure system is configured 
as a so - called “ scanner " . In a further embodiment according 
to the invention , the projection exposure system furthermore 
has a radiation source for illuminating the mask with illu 
mination radiation , both the mask and the measurement 
structure being illuminated with the same illumination radia 
tion . In a further embodiment according to the invention , the 
projection exposure system has a first radiation source for 
illuminating the mask with illumination radiation of a first 
wavelength , in particular in the EUV wavelength range , and 
a second radiation source for illuminating the measurement 
structure with illumination radiation of a second wave 
length , the second wavelength being in the wavelength 
range of 120 nm to 1100 nm , and in particular 365 nm . In 
a further embodiment according to the invention , the pro 
jection exposure system has a vacuum chamber in which the 
imaging of the mask structures onto the substrate takes place 
using the illumination radiation of the first wavelength in the 
EUV wavelength range , and wherein the measurement 
structure is disposed within the vacuum chamber . In a 
further embodiment , the illumination radiation of the second 
wavelength is directed by a prism or mirror into the optical 
path of the projection optics . 
[ 0074 ] In one embodiment of the method according to the 
invention , the mask structures are imaged onto the substrate 
with light in the EUV and / or higher frequency wavelength 
range . In a further embodiment according to the invention , 
the lateral position of the image of the measurement struc 
ture produced on the detector is established during the 
exposure process in real time . In a further embodiment 
according to the invention , an image of the second mea 

surement structure is produced by imaging with the projec 
tion optics on a second detector , and the electromagnetic 
radiation producing the second image passes through a 
different optical path through the projection optics than the 
electromagnetic radiation producing the first image . In the 
further embodiment according to the invention , the detector 
has a locally resolving two - dimensional sensor and a detec 
tor grating disposed in front of the two - dimensional sensor , 
and the recording of the image of the measurement structure 
takes place using the detector by the pattern produced by 
superimposing the measurement structure with the detector 
grating being recorded by the detector . In a further embodi 
ment according to the invention , when establishing the 
position of the image of the measurement structure produced 
on the detector a relative movement between the image of 
the measurement structure and the detector is established 
using the Moiré measurement method . In a further embodi 
ment , the mask is moved in relation to the projection optics 
during imaging of the mask structures onto the substrate . 
[ 0075 ] According to another aspect of the invention , a 
projection exposure system for microlithography is pro 
vided . The projection exposure system comprises a mask 
holding device for holding a mask with mask structures 
disposed on the latter , the mask holding device being 
mounted movably in relation to a reference element of the 
projection exposure system , a substrate holding device for 
holding a substrate , projection optics for imaging the mask 
structures onto the substrate during an exposure process , and 
a measurement device for monitoring the lateral imaging 
stability of the projection optics during the exposure pro 
cess , the measurement device comprising : a measurement 
structure which is disposed on the reference element in a 
fixed position , and a detector having a recording surface for 
recording an image of the measurement structure produced 
by imaging with the projection optics on the detector , the 
measurement structure and the detector being disposed such 
that during operation of the projection exposure system the 
imaging of the mask structures onto the substrate and the 
imaging of the measurement structure onto the detector take 
place at the same time respectively with the projection 
optics , and the measurement device further comprising an 
evaluation device which is configured to establish a lateral 
position of the image of the measurement structure on the 
recording surface of the detector during the exposure pro 
cess . 

[ 0076 ] According to a further aspect of the invention , a 
method for monitoring the lateral imaging stability of pro 
jection optics of a projection exposure system for micro 
lithography is provided . The method comprises : holding a 
mask with mask structures disposed on the latter by a mask 
holding device , which is movably mounted in relation to a 
reference element of the projection exposure system , a 
measurement structure being disposed in a fixed position on 
the reference element , imaging the mask structures onto a 
substrate in an exposure process and imaging the measure 
ment structure onto a recording surface of a detector , the 
imaging of the mask structures and the imaging of the 
measurement structure respectively taking place at the same 
time with projection optics of the projection exposure sys 
tem , recording the image of the measurement structure by 
the detector , and establishing a lateral position of the image 
of the measurement structure on the recording surface of the 
detector during the exposure process . 
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[ 0077 ] The features specified in relation to the above 
specified embodiments of the projection exposure system 
according to the invention can be correspondingly applied to 
the method according to the invention . The resulting 
embodiments of the method according to the invention are 
to be explicitly included by the disclosure of the invention . 
Furthermore , the above - specified advantages in relation to 
the embodiments of the projection exposure system accord 
ing to the invention therefore also relate to the correspond 
ing embodiments of the method according to the invention . 
These and other features of specified embodiments of the 
invention are described in the claims as well as in the 
specification and the drawings . The individual features may 
be implemented either alone or in combination as embodi 
ments of the invention , or may be implemented in other 
fields of application . Further , they may represent advanta 
geous embodiments that are protectable in their own right , 
for which protection is claimed in the application as filed or 
for which protection will be claimed during pendency of this 
application and / or continuing applications . 

[ 0092 ] FIG . 14 a schematized sectional view of a further 
embodiment of a projection exposure system according to 
the invention , 
( 0093 ] FIG . 15 a schematized sectional view of a further 
embodiment of a projection exposure system according to 
the invention , 
[ 0094 ] FIG . 16 a portion of projection optics according to 
the invention comprising an optical element mounted mov 
ably to a frame of the projection optics , 
10095 ] FIG . 17 a substrate holding device according to the 
invention configured to correct image deviations , and 
[ 0096 ] FIG . 18 a schematized sectional view of a further 
embodiment of a projection exposure system according to 
the invention configured to be triggered on a measurement 
signal identifying lateral image deviations . 

DETAILED DESCRIPTION 

BRIEF DESCRIPTION OF THE DRAWINGS 
[ 0078 ] In the following exemplary embodiments of the 
projection exposure system according to the invention and 
of the method according to the invention are described in 
greater detail with reference to the attached schematic 
drawings . These show as follows : 
[ 0079 ] FIG . 1 a schematized sectional view of a first 
embodiment of a projection exposure system according to 
the invention with a measurement device for determining the 
lateral position of an image of mask structures produced on 
a substrate , 
[ 0080 ] FIG . 2 a strongly schematized view of individual 
elements of the projection exposure system according to 
FIG . 1 , 
[ 0081 ] FIG . 3 an illustration of the mode of operation of 
the measurement device according to FIG . 1 , 
[ 0082 ] FIG . 4 a section on the mask side of a further 
embodiment according to the invention of the projection 
exposure system shown in FIG . 1 , 
[ 0083 ] FIG . 5 a section on the substrate side of the 
projection exposure system according to FIG . 4 , 
10084 ] FIG . 6 an illustration of a first embodiment of the 
evaluation of a measurement structure imaged onto a detec 
tor of the measurement device , 
[ 0085 ) FIG . 7 an illustration of a second embodiment of 
the evaluation of a measurement structure imaged on a 
detector of the measurement device , 
[ 0086 ] FIG . 8 a first view of a section on the mask side of 
a further embodiment of a projection exposure system 
according to the invention , 
[ 0087 ] FIG . 9 a further view , rotated about 90° in relation 
to the first view according to FIG . 8 , of the mask side section 
of the projection exposure system according to FIG . 8 , 
[ 0088 ] FIG . 10 a section on the substrate side of the 
projection exposure system illustrated in FIG . 8 , 
[ 0089 ] FIG . 11 a top view of an exposure strip in the 
substrate plane , 
[ 0090 ] FIG . 12 a schematized sectional view of a further 
embodiment of a projection exposure system according to 
the invention , 
[ 0091 ] FIG . 13 a schematized sectional view of a further 
embodiment of a projection exposure system according to 
the invention , 

100971 . In the exemplary embodiments described below , 
elements which are functionally or structurally similar to 
one another are provided as far as possible with the same or 
similar reference numbers . Therefore , in order to understand 
the features of the individual elements of a specific exem 
plary embodiment , reference should be made to the descrip 
tion of other exemplary embodiments or the general descrip 
tion of the invention . 
[ 0098 ] FIG . 1 illustrates a first embodiment of a projection 
exposure system 10 according to the invention in the form 
of an EUV projection exposure system designed as a so 
called " scanner ” . FIG . 2 schematically shows individual 
elements of the projection exposure system 10 according to 
FIG . 1 in order to illustrate mechanical couplings of the 
individual elements to one another . In FIG . 2 mechanically 
rigid measures between individual elements are shown by 
continuous double lines 19 . Mountings of individual ele 
ments which are movable in relation to one another are 
illustrated by continuous lines 17 having arrows at both 
ends . The projection exposure system 10 comprises a mask 
table 12 which is also identified as a so - called “ reticle 
stage ” . The mask table 12 comprises a mask holding device 
14 for holding a mask 18 in the form of a reflective mask or 
reflection mask . The mask holding device is movably dis 
posed on a reference frame 16 of the mask table 12 in the x / y 
plane according to FIG . 1 , but overall is adjustable in six 
degrees of freedom . The movable mounting of the mask 
holding device 14 in relation to the reference frame 16 is 
illustrated in FIG . 2 by the line 17 . 
10099 ) The mask 18 has on its lower surface mask struc 
tures 20 for imaging onto a substrate 30 in the form of a 
wafer coated with photoresist 32 . The projection exposure 
system 10 comprises a first illumination system 22 with a 
first radiation source 23 in the form of an EUV radiation 
source in order to produce extreme ultraviolet radiation with 
a wavelength of 13 . 5 nm . Furthermore , the first illumination 
system 22 comprises beam - forming illumination optics 24 
in the form of a reflective element with which an illumina 
tion beam 25 is directed towards the mask 18 . Furthermore , 
the projection exposure system 10 comprises projection 
optics 26 with an optical axis 27 aligned perpendicularly to 
the mask 18 . The projection optics 26 comprise a series of 
reflective optical elements 28 . Four optical elements 28 of 
this type are illustrated by way of example in FIG . 1 . 
[ 0100 ] Furthermore , in FIG . 1 an optical path 29 of the 
electromagnetic radiation passing through the projection 
optics 26 during imaging of the mask structures 20 is shown . 
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The substrate 30 is disposed on a substrate table 34 in the 
form of a so - called “ wafer stage " . The substrate table 34 
comprises a substrate holding device 36 for holding the 
substrate 30 and a reference element in the form of a 
reference frame 38 opposite which the substrate holding 
device 36 is disposed movably . 
[ 0101 ] When exposing the substrate 30 both the mask 
holding device 14 and the substrate holding device 36 are 
moved and " scanned " in order to produce a field on the 
substrate 30 . The movement is generally made in the short 
direction of the field , i . e . in the y direction according to FIG . 
1 . Before exposing a further field the substrate 30 is offset 
by a pre - specified distance in the x / y plane between the 
fields . 
[ 0102 ] The projection exposure system 10 further com 
prises a measurement device 40 for determining the lateral 
position of the image of the mask structures 20 produced by 
the imaging of the mask structures 20 on the substrate 30 . 
The measurement device 40 comprises a measurement struc 
ture 48 and a second illumination system 42 for illuminating 
the measurement structure 48 . The second illumination 
system 42 comprises a second radiation source 44 which 
emits electromagnetic radiation in the visible or ultraviolet 
wavelength range , e . g . with a wavelength of 193 nm , 248 nm 
or 365 nm . The illumination system 42 further comprises 
illumination optics 46 in the form of transmission optics for 
directing the radiation produced by the radiation source 44 
as a measurement illumination beam 47 onto two measure 
ment structures 48 . As stated in the following , the projection 
exposure system 10 in a further embodiment can also have 
just a single radiation source with which both the mask 
structures 20 and the measurement structures 48 are illumi 
nated . 
[ 0103 ] The measurement structures 48 according to FIG . 
1 are designed in the form of a reflection grating , and are 
disposed in a fixed position on the reference element in the 
form of a reference frame 16 of the mask table 12 , respec 
tively close to opposing peripheral regions of the mask 18 . 
This arrangement in a fixed position is illustrated by the 
double line 19 in FIG . 2 . Therefore , the measurement 
structures 48 do not move with the mask 18 during the 
scanning process during exposure of a field . They substan 
tially remain in a fixed position in relation to the projection 
optics 26 in relation to which the reference frame is coupled 
to a vibration isolation device . The respective optical paths 
50 of the radiation which passes through the projection 
optics 26 in order to image the measurement structures 48 
onto the respective detectors 52 disposed on the substrate 
side , are partially illustrated in FIG . 1 with broken lines . The 
detectors 52 are disposed in a fixed position close to two 
opposing peripheral regions of the substrate 30 on the 
reference frame 38 of the substrate table 34 , as illustrated by 
the double line 19 according to FIG . 2 . Therefore , like the 
measurement structures 48 , the detectors 52 also do not 
move during the scanning process during exposure of a field . 
The detectors 52 remain substantially in a fixed position in 
relation to the projection optics 26 and in relation to the 
measurement structures 48 , but do not have to be connected 
rigidly to these elements . The reference frame 38 of the 
substrate table 34 can be coupled to the projection optics 26 
by a vibration isolation device . The reference frame 38 can 
move slowly in relation to the projection optics 26 together 
with the substrate holding device 36 . The measurement 
device 40 compensates this type of movement . As shown in 

FIG . 2 , the reference frame 16 of the mask table 12 does not 
have to be connected rigidly to the reference frame 38 of the 
substrate table 34 . Neither the reference frame 16 nor the 
reference frame 38 are necessarily connected to the projec 
tion optics 26 either . In the embodiment shown the reference 
frames 16 and 38 can rather move in relation to one another 
and to the projection optics 26 . There is no negative impact 
upon the function of the measurement device 40 due to this . 
[ 0104 ] The electromagnetic radiation producing the image 
of a first of the two measurement structures 48 passes 
through a different optical path 50 through the projection 
optics 26 than the electromagnetic radiation producing the 
image of the second of the measurement structures 48 . The 
image of the first measurement structure 48 is imaged onto 
a recording surface 51 of a first of the detectors 52 , and the 
image of a second measurement structure 48 onto a record 
ing surface 51 of the second detector 52 . Using the first and 
the second detector 52 the lateral position of the image in the 
x and y direction is respectively determined , as explained in 
greater detail below . 
[ 0105 ] . The projection exposure system 10 further has an 
evaluation device 54 which is configured to establish during 
the exposure process the lateral position of the image of the 
measurement structures 48 on the recording surface 51 of 
the detectors 52 from the images of the respective measure 
ment structures 48 recorded by the detectors 52 . As illus 
trated in FIG . 3 , respective x / y movements 53 of the images 
of the respective measurement structure 48 produced at two 
peripheral positions of the image field 56 on the substrate 30 
in relation to a desired position of the latter are determined 
with the two detectors 52 . These movement values 53 are 
evaluated by a calculation unit 58 of the evaluation device 
to establish a lateral image position 60 , defined by the image 
position and the image rotation . In other words , the calcu 
lation unit 58 determines on the one hand the movement of 
the image field perpendicularly to the optical axis 27 and 
also the rotation of the image field about the optical axis 27 . 
[ 0106 ] The measurement device 40 as a whole can also be 
identified as a so - called “ line of sight sensor ” . A positioning 
signal production unit 62 , also referred to as control device , 
of the evaluation device 54 takes into account the sensitivi 
ties of the projection optics , establishes a positioning signal 
64 from the deviation of the image field 56 during the 
scanning movement of the exposure process and transmits 
the positioning signal 64 to an element of the projection 
exposure system 10 . In FIG . 3 a scanning control device 66 
which controls the movement of the mask table 12 and of the 
substrate table 34 is shown as an example of this type of 
element of the projection exposure system 10 receiving the 
positioning signal 64 . Alternatively , or in addition , the 
positioning signal 64 can also be used to change the position 
of at least one of the reflective optical elements 28 of the 
projection optics 26 , as illustrated in FIG . 1 . 
[ 0107 ] The effect of the positioning signal 64 is that the 
respective lateral image position of the measurement struc 
tures 48 measured by the detectors 52 and so as a good 
approximation also the lateral image position of the mask 
structures 20 on the substrate 30 remains constant during the 
whole exposure process . A change to the movement 
sequence of the mask table 12 and / or of the substrate table 
34 brought about by the positioning signal 64 during the 
exposure of the substrate 30 and the change in the position 
of one or more optical elements 28 produces with the 
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[ 0113 ] The grating of the measurement structure 48 , which 
in the following is called the measurement grating 48 , and 
the detector grating 74 are adapted to one another such that 
a relative movement of the gratings in relation to one another 
can be measured in one dimension using the Moiré mea 
surement method . In order to measure the lateral movement 
in the x and y direction two measurement gratings 48 and 
detector gratings 74 disposed orthogonally in relation to one 
another are respectively provided . FIG . 6 illustrates a first 
embodiment of the Moiré measurement method . In this case 
the period of the measurement grating 48 is chosen such that 
the period of its aerial image 84 at the location of the 
detector grating 74 deviates slightly from the period of the 
detector grating 74 . The measurement grating 48 imaged to 
a smaller scale by the projection optics 26 , which can also 
be called the object grating , produces on the substrate side 
an aerial image structure with the period Pr . Located in a 
plane conjugated to the substrate plane , as already described 
above in different embodiments , is the detector grating 74 , 
also called the image grating , the period P , of which differs 
slightly from the period of the aerial image . The superpo 
sition of the aerial image 84 and the detector grating 74 leads 
to a spatially periodic intensity modulation of a Moiré 
structure 86 with the period PM , as shown in FIG . 6 . The 
correlation 

( 1 ) 
PL = 5 + 1 . PD 

imaging by the projection optics 26 a back coupling to the 
positions of the image positions in the field 56 measured by 
the detectors 52 . 
[ 0108 ] During operation of the projection exposure system 
according to FIG . 1 the imaging of the mask structures 20 
onto the substrate 30 and the imaging of the measurement 
structures 48 onto the assigned detectors 52 takes place at 
the same time . This means that the lateral image position is 
established during exposure of the substrate 30 in real time . 
The correction using the positioning signal 64 therefore also 
takes place in real time , i . e . during exposure of a field with 
which the scanning movement of the mask 18 and of the 
substrate 30 described above takes place . 
[ 0109 ] In other words , a measure for the actual position of 
the image field produced online by the projection optics 26 
is measured with a very high degree of precision and a very 
high repetition frequency during exposure of the photoresist 
32 and is kept stable with corresponding control on the 
substrate 30 . The measurement structures 48 and the detec 
tors 52 according to FIG . 1 are located in planes which are 
conjugated to the mask plane and to the substrate plane . 
Alternatively , the two elements can also be disposed in other 
sharpness planes conjugated to one another . 
[ 0110 ] FIGS . 4 and 5 show a section on the mask side and 
a section on the substrate side of a further embodiment of a 
projection exposure system according to the invention 10 . 
This only differs from the projection exposure system 10 
according to FIG . 1 in the elements shown differently in 
FIGS . 4 and 5 and the elements described below . The second 
illumination system 42 shown in FIG . 4 comprises in 
addition to the second radiation source 44 an optical fiber 68 
which has a vacuum breaker 70 . The radiation of the 
radiation source 44 with a wavelength in the visible or near 
UV range is introduced into a vacuum chamber by the 
optical fiber 68 . The whole optical path 29 for the EUV 
radiation used for imaging the mask structures 20 is located 
in the vacuum chamber . 
[ 0111 ] The radiation provided by the optical fiber 68 is 
directed with the illumination optics 46 onto the measure 
ment structure 48 in the form of a grating . The measurement 
radiation passing through the measurement structure 48 is 
deflected by a beam deflection device 71 , e . g . in the form of 
a prism or mirror , into the optical path 50 . The illumination 
optics 46 , the measurement structure 48 and the beam 
deflection device 71 are located within the vacuum chamber . 
Detection of the measurement beam on the substrate side 
can either be implemented by the detector 52a shown on the 
right - hand side of the optical path 29 in FIG . 5 or by the 
detector 52b shown on the left - hand side of the optical path 
29 in FIG . 5 . 
[ 0112 ] With the detector 52a the measurement radiation 
50 is directed by a prism 78 onto a detector grating 74 . The 
superposition of the image of the grating structure of the 
measurement structure 48 with the detector grating 74 , 
which is described in detail below , is directed by a micro 
scope lens 80 and a deflection mirror 82 onto a locally 
resolving two - dimensional sensor 76a in the form of a CCD 
camera . With the detector 52b shown in FIG . 5 on the 
left - hand side in relation to the optical path 29 , the mea 
surement radiation 50 is directed by a mirror 72 in the form 
of a multilayer mirror onto an also locally resolving two 
dimensional sensor 76b in the form of a multi - element 
intensity sensor with a detector grating 74 disposed on the 
recording surface of the sensor 76b . 

between the aerial image period P , and the detector grating 
period Po ensures that the Moiré period Px is greater by the 
amplification factor S than the detector grating period PD . 

PPD = S . PD PD - PL 

[ 0114 ] The two - dimensional sensor 76a and 76b measures 
the spatial progression of the intensity behind the detector 
grating 74 . The intensity progression 1 ( x ) is shown in FIG . 
6 as a diagram beneath the Moiré structure 86 . The period of 
the aerial image 84 need not be resolved . It is sufficient if the 
Moiré period is resolved . The spatial progression of the 
Moiré intensity , in particular the spatial position of the 
intensity minima of the Moiré structure 86 allows one to 
come to a conclusion with regard to the movement between 
the aerial image 84 and the detector grating 74 . The move 
ment of the intensity minimum is greater by factor S than the 
movement of the aerial image 84 . 
[ 0115 ] Therefore , aerial image movements are easier to 
measure than with a directly imaging sensor with which a 
spatial focal point of the intensity or other criteria , such as 
e . g . a maximum gradient or an edge position of an imaged 
structure are used to measure the movement . From the 
intensity progression of the Moiré pattern determined with 
the locally resolving two - dimensional sensor 76a and 76b 
the phase position of the Moiré is determined numerically . 
For this purpose different algorithms can be used , such as 
e . g . the so - called shift method , the fast Fourier transforma 
tion ( FFT ) or the phase stage method . All of these evaluation 
methods known to the person skilled in the art initially only 
determine the phase position in relation to the two - dimen 
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sional sensor 76a and 76b . Particular attention should be 
paid to the material measure between the camera image and 
the sensor 760 and 76b . For this purpose marks can be 
applied to the detector grating 76 which are connected to the 
reference system of the sensor 76a and 76b and which 
appear in the camera image . The marks are evaluated 
simultaneously or contemporaneously with the Moiré struc 
ture and at any time establish the material measure . 
[ 0116 ] FIG . 7 illustrates a further embodiment of the 
evaluation of the relative movement of the measurement 
grating 48 in relation to the detector grating 74 using the 
Moiré measurement method . In this embodiment the detec 
tor grating 74 has four partial gratings 88 , the periods of the 
partial gratings 88 respectively having the same period as 
the measurement grating 48 when imaging onto the detector 
grating 74 . The adjacent partial gratings 88 are respectively 
disposed with a period offset by a quarter of the period of the 
measurement grating 48 in relation to one another when 
imaging onto the detector grating 74 . The detector grating 74 
can also comprise more than four partial gratings 88 . Four 
partial gratings 88 are sufficient , however , because four 
pixels suffice in order to reconstruct the Moiré phase . 
[ 0117 ] When implementing the Moiré measurement 
method according to FIG . 7 , the sensor 76a or 76b according 
to FIG . 5 can be individual photodiodes or a photodiode line . 
For reasons relating to intensity comparably large - scale 
sensors are preferred . The geometry of the detector grating 
74 is adapted to the sensor geometry . As already described 
above , the detector grating 74 is divided into four partial 
gratings 88 or zones which have the same period but 
different phases in relation to one another . The individual 
partial gratings 88 are respectively moved by a quarter 
period in relation to one another . The integrated intensity is 
measured in the zone of each partial grating 88 . The move 
ment x of the aerial image 84 to the detector grating 74 is 
taken from the phase position q . 

the measurement structure 48 in the form of absorber grating 
structures is applied . In the example shown the coupling 
uncoupling device 90 is in the form of a mirror which 
performs both a coupling and an uncoupling function , as 
described below . Alternatively the coupling / uncoupling 
device 90 can also have two separate mirrors , one for the 
coupling function and one for the uncoupling function . 
[ 0121 ] FIG . 8 shows the diverting device 89 in a top view 
onto the plane which is spanned by the propagation vector 
25a of the illumination beam 25 and the propagation vector 
95a of the tilted reflected beam 95 , and FIG . 9 shows the 
diverting device 89 in a view rotated by 90° about the 
surface normal of the mask 18 . In the view according to FIG . 
9 the reflected beam 95 conceals the illumination beam 25 
lying behind the latter . 
[ 0122 ] The coupling / uncoupling device 90 is disposed in 
the optical path of the illumination beam 25 such that a 
partial beam 94 of the illumination beam 25 is directed by 
the coupling / uncoupling device 90 onto the measurement 
structure 48 of the measurement mirror 92 . The measure 
ment mirror 92 is disposed such that the partial beam 94 is 
reflected back by the latter to the coupling / uncoupling 
device 90 as a measurement beam 96 , and is coupled by the 
latter into the optical path of the beam 95 reflected by the 
mask 18 . The coupled measurement beam 96 has the same 
propagation direction as the reflected beam 95 . The diverting 
device 89 is configured such that the optical path length for 
the partial beam 94 diverted from the illumination beam 25 
by the coupling / uncoupling device 90 is identical up to entry 
as a measurement beam 96 into the optical path of the 
reflected beam 95 to the optical path length which the 
radiation of the partial beam 93 not diverted on the coupling / 
uncoupling device 90 has passed through up to entry of the 
measurement beam 96 into the reflected beam 95 . 
[ 0123 ] As can be seen from FIG . 9 , the coupling / uncou 
pling device 90 is disposed such that the partial beam 94 
directed by this mirror onto the measurement structure 48 is 
tilted in relation to the plane which is spanned by the 
illumination beam 25 and the tilted reflected beam 95 , i . e . 
the plane of the drawing according to FIG . 8 . The tilting is 
to such an extent that the measurement mirror 92 is disposed 
outside of the optical path of the reflected beam 95 projected 
along the spanned plane , as illustrated in FIG . 9 . 
[ 0124 ] The coupling / uncoupling device 90 is disposed in 
a region of the illumination beam 25 or of the reflected beam 
95 which is generally used for dose control . FIG . 11 illus 
trates a cross - section of the reflected beam 95 which has a 
region 100 used for imaging the mask structures 20 and two 
regions 102 used with conventional systems for the dose 
measurement . The diverting device 89 is disposed such that 
the region 102 is used for measuring the lateral image 
position . The evaluation device 54 according to FIG . 1 is 
further configured to establish a radiation intensity from the 
image of the measurement structures 48 recorded by the 
detectors 52 and to control the dose of the radiation provided 
by the radiation source 23 using the radiation intensity 
established . In other words , the dose control function is 
further fulfilled by the beam regions 102 provided for this 
with conventional systems . The region 100 used for imaging 
is not impaired any further . 
[ 0125 ) FIG . 10 shows the section on the substrate side of 
the projection exposure system 10 according to FIGS . 8 and 
9 . The latter differs substantially from the section shown in 
FIG . 5 in that in all cases mirrors 72 are used for uncoupling 

4 = arctan ( = 5 ; x = Puente 
[ 0118 ] The control loop should keep the current movement 
value x as constant as possible during the exposure process . 
[ 0119 ] FIG . 8 and FIG . 9 illustrate a section on the mask 
side of a further embodiment of a projection exposure 
system 10 according to the invention . This projection expo 
sure system 10 differs from the projection exposure system 
10 shown in FIG . 1 in that both the mask structures 20 and 
the measurement structure 48 are imaged with just one 
radiation source , i . e . the first radiation source 23 producing 
the EUV radiation . The illumination beam 25 produced by 
the illumination system 22 is radiated obliquely onto the 
mask 18 in the form of a reflection mask . 
[ 0120 ] The propagation direction of the beam 95 reflected 
by the mask 18 , which hereafter passes through the projec 
tion optics 26 , is tilted in relation to the reverse propagation 
direction of the illumination beam 25 . This tilt is for example 
12° , i . e . the illumination beam 25 is tilted by 6° in relation 
to the surface normal of the mask 18 . The projection 
exposure system 10 according to FIGS . 8 and 9 has a 
diverting device 89 for diverting a measurement beam 96 
from the illumination beam 25 . The diverting device 89 
comprises a coupling / uncoupling device 90 in the form of a 
multilayer mirror and a measurement mirror 92 onto which 
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the measurement beam because the wavelength of the mea 
surement beam 96 is in the EUV range . The detector gratings 
74 can be in the form of transmission gratings which have 
absorber structures on an EUV - transmitting membrane made 
e . g . of Si — SizN4 or zircon . The detector gratings 74 can also 
be in the form of absorber gratings written directly onto the 
sensor 76a or a quantum converter 98 . The locally resolving 
two - dimensional sensor can be an EUV CCD camera 76a or 
an arrangement 76c comprising a quantum converter 98 in 
the form of a scintillator fluorescence glass with an adjoin 
ing micro objective 80 and a CCD camera 99 . A scintillator 
and a fluorescence material can also be disposed on an image 
guide to which a CCD camera adjoins . In this case the 
camera can be disposed outside of the vacuum chamber . The 
detector 52 can be designed to produce images in order to 
implement the Moiré measurement method according to 
FIG . 6 or with multi - channels in order to implement the 
Moiré measurement method according to FIG . 7 . It is 
possible to use EUV photodiodes and diode lines and to 
write the sensor grating lithographically directly onto the 
diodes . Alternatively , a freely supporting membrane with 
absorber gratings can be positioned in front of the photo 
diodes . 
[ 0126 ] FIG . 12 shows a further embodiment 110 of a 
projection exposure system according to the invention . This 
embodiment differs from the projection exposure system 
according to FIG . 1 in that the measurement gratings 48 are 
not disposed on the mask side as in FIG . 1 , but on the 
substrate side . In the embodiment according to FIG . 12 the 
detectors 52 are disposed on the mask side instead of on the 
substrate side according to FIG . 1 . The measurement grat 
ings 48 according to the embodiment shown in FIG . 12 are 
respectively disposed on a mirror 149 . One thus avoids 
disposing the illumination system 42 in the region of the 
substrate table 34 . In an alternative embodiment of the 
illumination system 42 the second radiation source 44 is in 
the form of LED and the illumination optics 46 have 
appropriate microlenses . Therefore , the illumination system 
42 is sufficiently miniaturized in order to be able to fit into 
the available space within the frame identified by reference 
number 149 . In this case the measurement structure 48 can 
be in the form of a transmission structure without an 
assigned mirror . This embodiment of the illumination sys 
tem can also be used in the projection exposure system 
according to FIG . 1 . 
[ 0127 ] FIG . 13 shows a further embodiment 210 of a 
projection exposure system according to the invention . This 
embodiment differs from the projection exposure system 
according to FIG . 1 in that both the measurement structures 
48 and the detectors 52 are disposed on the mask side . The 
radiation produced by the illumination system 42 passes 
through the projection optics 26 in an incoming optical path 
250a after reflection on a measurement structure 48 disposed 
on a mirror 249 and is reflected back into the projection 
optics 26 with a cat ' s eye reflector 257 disposed beneath the 
image plane 255 . The cat ' s eye reflector 247 reflects the 
incoming wave such that the latter substantially runs back 
into itself . For this purpose the latter is e . g . spherical . The 
field point on the substrate side conjugated to the field point 
of the measurement structure 48 sits close to the center point 
of the sphere . The cat ' s eye reflector 257 is material mea 
sured with the same precision as the detector 52 and is 
attached securely in position on the reference frame 38 of the 
substrate table 34 . 

[ 0128 ] The radiation reflected by the cat ' s eye reflector 
257 passes through the projection optics 26 once again into 
a returning optical path 2506 , which only differs slightly 
from the incoming optical path 250a , and is reflected on a 
detector grating 274 also disposed on the mirror 249 and 
recorded by a locally resolving two - dimensional sensor 76a , 
for example in the form of a CCD camera . The cat ' s eye 
reflector 257 is adjusted such that the image of the mea 
surement structure 48 comes to lie on the detector grating 
274 so that the Moiré measurement method described above 
can be used . The embodiment according to FIG . 13 uses the 
available space on the mask side which is generally dimen 
sioned more generously in comparison to the substrate side . 
The line width of the detector grating 274 is greater in 
comparison to an arrangement of the detector 52 on the 
substrate side by the imaging scale of the projection optics 
26 , generally 4 or 5 . This facilitates the production of the 
detector grating 274 . 
0129 ] FIG . 14 shows a projection exposure system 410 in 
an embodiment according to the invention deviating from 
the projection exposure system 10 according to FIGS . 1 and 
2 substantially in that the measurement structure 48 and the 
detector 52 of the measurement device 40 for determining 
the lateral position of the image of the measurement struc 
ture 48 are not attached to the reference frames 16 and 38 , 
respectively . Instead , the measurement structure 48 and the 
detector 52 of the projection exposure system 410 are 
attached to a housing 426 of the projection optics 26 . The 
projection optics 26 can also be referred to as projection 
objective . Instead of having the measurement structure 48 
and the detector 52 attached rigidly to the associated refer 
ence frame 16 and 38 , as in the projection exposure system 
10 according to FIG . 1 , the measurement structure 48 and 
the detector 52 are disposed in a defined position with 
respect to the associated reference frame 16 and 38 , respec 
tively . 
[ 0130 ] The defined positions are obtained by measurement 
of the respective distance of the measurement structure 48 
and the detector 52 from the associated reference frame 16 
and 38 , respectively . For this purpose distance sensors 450a 
and 450b , e . g . in the form of interferometers , are arranged at 
the respective reference frames 16 and 38 . During exposure 
operation of the projection exposure system 410 the respec 
tive position of the measurement structure 48 and the 
detector 52 are continuously monitored by the distance 
sensors 450a and 450b . The reference frames 16 and 38 
according to FIG . 14 are attached to a common reference 
structure 417 , e . g . in the form of a frame of the projection 
exposure system 410 . The distance sensors 450a and 450b 
can alternatively also be arranged on a single reference 
element 416 , which e . g . can be the frame of the projection 
exposure system 410 or another element thereof . 
[ 0131 ] Further , the distance sensors 450a and 450b can be 
arranged at two reference elements which are connected to 
several further reference elements , wherein the relative 
positions and orientations of the reference elements towards 
each other are monitored using sensors . According to an 
embodiment sensors are provided , which monitor a thermal 
expansion or other fluctuations of the reference structures , 
such as the reference frames 16 and 38 , the common 
reference structure 417 or the single reference element 416 . 
[ 0132 ] In an alternative embodiment only one distance 
sensor 450 , shown in FIG . 14 with dashed lines , is provided 
for measuring the defined positions of the measurement 
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structure from its target position on the substrate 30 , i . e . in 
the coordinate system of the substrate 30 . The deviations AX , 
and Ay , of the image point and the positioning deviations 
Axw and Ayw of the substrate holding device 36 contribute 
to the deviations Axs and Ays of the printed structure as 
follows : 

structure 48 and the detector 52 . This distance sensor 450 
can be attached to the single reference element 416 or 
alternatively to one of the reference frames 16 and 38 . The 
distance sensor 450 measures the distance to the housing 
426 of the projection optics 26 . Therefrom the positions of 
the measurement structure 48 and the detector 52 relative to 
the respective reference element can be determined . 
[ 0133 ] The lateral position of the image of the measure 
ment structure 48 on the detector 52 , established during the 
exposure process , is referenced to the positions of the 
reference frames 16 and 38 , respectively or the reference 
element 416 by the evaluation device 54 using the deter 
mined positions of the measurement structure 48 and the 
detector 52 . This referencing of the established lateral posi 
tion allows imaging instabilities of the projection exposure 
system 410 to be established and corrected precisely as will 
become more clear in the following . 
0134 ] The projection exposure system according to FIG . 
14 is configured as a step and scan system . The scan 
direction 412 of the mask holding device 14 , also referred to 
as mask stage , during the exposure process of exposing one 
field on the substrate 30 is indicated by an arrow . In the 
coordinate system of FIG . 14 the scan direction 412 is along 
the x - coordinate axis . The substrate holding device 36 , also 
referred to as wafer stage , is scanned during the exposure 
process simultaneously or contemporaneously in the oppo 
site direction indicated by arrow 414 . The stages are thereby 
moved relative to each other such that a test point ( Xm YM ) 
on the mask holding device 14 and a test point ( Xw , yw ) on 
the substrate holding device 36 have the following coordi 
nate relationship to each other : 

Xw - Bixx + Axx and yw = Bym + Ayw , ( 4 ) 
wherein ß is the optical magnification of the projection 
optics 26 . Axw and Ay w describe positioning deviations of 
the substrate holding device 36 from its target positions 
during the scan process , also referred to as stage positioning 
errors . These stage positioning errors can be systematic or 
random . Systematic stage positioning errors cause a distor 
tion of the structures printed onto the substrate 30 . Random 
stage positioning errors cause a smearing of the printed 
structures and therefore a broadening of the printed struc 
tures , also referred to as critical dimension ( CD ) , and a 
reduction in contrast . 
[ 0135 ] FIG . 14 further illustrates an object point ( xo , yo ) 
on the mask 18 arranged on the mask holding device 14 and 
a corresponding image point ( X7 , Y? ) in an image plane of the 
projection optics 26 . The coordinate relationship between 
the object point ( xo , Yo ) and the image point ( X1 , yn ) during 
the exposure process relative to each other is as follows : 

x = B : xo + Ax ; and yFB ' yo + Ay? , ( 5 ) 
wherein Ax , and Ay , describe deviations of the actual posi 
tion of the image point from its target position in the 
coordinate system of FIG . 14 . Put in different words , Ax , and 
Ay , describe deviations from the target relationship between 
the positions of the object point and the image point . These 
deviations are caused by instabilities in the imaging prop 
erties of the projection optics 26 . Ax , and Ay , correspond to 
deviations of the lateral position of the image of the mea 
surement structure 48 from its target position on the detector 
52 measured by the measurement device 40 in form of the 
so called “ line of sight sensor ” . 
10136 ] Deviations Axs and Ays define deviations of the 
position of the image of a mask structure 20 or printed 

Axs = x - x » = Ax? - Atw , and Ays - yr - ¥ - = AyrAyw , 
wherein xm X , and ym yo 
[ 0137 ] Statistically independent variations in the positions 
of the image point ( X , Y? ) and the substrate test point ( Xw ; 
Yw ) add up quadratically and enlarge the critical dimension 
( CD ) of the printed image . In order to optimize the critical 
dimension both positioning deviations need to be adjusted 
for . This is achieved in the embodiment according to the 
invention shown in FIG . 14 by combining a line of sight 
sensor of the type designated by 40 in FIG . 1 with stage 
sensors 418 and 420 . 
[ 0138 ] The stage sensors 418 and 420 , e . g . in the form of 
interferometers , monitor the stage movements , i . e . the 
movements of the mask holding device 14 and the substrate 
holding device 36 , during the exposure process . Specifically 
a mask stage sensor 418 is attached to the reference frame 
16 and measures the exact distance between the reference 
frame 16 and a reference surface 422 of the mask holding 
device 14 continuously during the scan movement . A sub 
strate stage sensor 420 is attached to the reference frame 38 
and measures the exact distance between the reference frame 
38 and a reference surface 423 of the substrate holding 
device 36 continuously during the scan movement . The 
stage sensors 418 and 420 therefore allow to monitor lateral 
variations in the movements of the mask holding device 14 
and the substrate holding device 36 from their target move 
ments . 
( 01391 . The line of sight sensor in form of the measurement 
device 40 is illustrated schematically in FIG . 14 by a mask 
side portion 440a and a substrate side portion 440b of the 
measurement device 40 , wherein , as already detailed above , 
the measurement structure 48 and the detector 52 are 
attached to the projection objective , also referred to as 
projection optics 26 . 
[ 0140 ] Referring to equations ( 4 ) to ( 6 ) above , the line of 
sight sensor provides ( AX , Ay , ) and the stage sensors 418 
and 420 provide ( AXw , Ayw ) as measurement results . There 
from the deviations ( Axs , Ays ) of the position of the image 
from its target position on the substrate 30 is calculated 
continuously during the exposure process using equation ( 6 ) 
by the evaluation device 54 shown in FIG . 1 . Thereby the 
evaluation device 54 takes movements of the measurement 
structure 48 and the detector 52 with respect to the reference 
frames 16 and 38 , respectively , or the reference element 416 , 
depending on the configuration , as measured by the distance 
sensors 450a and 450 or the distance sensor 450 into 
account . Accordingly , the measurement results ( Axj , Ay ) 
provided by the line of sight sensor and ( Axw , Ayw ) pro 
vided by the stage sensors 418 and 420 are referenced 
relative to each other , which allows the deviations ( AX , Ays ) 
to be calculated with high precision . 
[ 0141 ] An embodiment 510 of a projection exposure sys 
tem shown in FIG . 15 differs from the embodiment 410 
shown in FIG . 14 in that the functions of the sensors 418 and 
450a are combined in a single mask stage sensor module 518 
and the functions of the sensors 420 and 450b are combined 
in a single substrate stage sensor module 520 . The sensor 
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modules 518 and 520 can e . g . each contain two interferom 
eters , one for measuring the distance to the mask holding 
device 14 and the substrate holding device 36 , respectively , 
and one for measuring the distance to the measurement 
structure 48 and the detector 52 , respectively . 
[ 0142 ] In the embodiment according to FIG . 15 the mea 
surement structure 48 is part of a feed device 511 for feeding 
the measurement radiation 47 depicted to FIG . 1 into the 
optical path of the projection optics 26 . The radiation 47 is 
provided by an optical fiber 512 , which is connected to a 
coupling element 513 of the feed device 511 . The feed 
device 511 further comprises a deflecting prism 514 for 
deflecting the radiation 47 into the projection optics 26 . The 
feed device 511 is attached firmly to the top of the housing 
426 of the projection optics 26 , while the detector 52 is 
together with a further deflecting prism 514 attached firmly 
to the bottom of the housing 426 . As the measurement 
structure 48 and the detector 52 are fixed to the housing 426 , 
the sensor modules 518 and 520 can also be configured to 
measure the distance to the top and bottom portions of the 
housing 426 of the projection optics 26 , respectively . 
[ 0143 ] In a further embodiment according to the invention 
the sensor module 518 is configured as an optical position 
encoder to directly measure the relative position between the 
mask holding device 14 and the top of the housing 426 of the 
projection optics 26 . An embodiment of such an optical 
position encoder comprises two gratings , one being arranged 
on the mask holding device 14 and the other one on the 
housing of the projection optics 26 . A light source generates 
measuring light , which passes through both gratings and is 
subsequently detected by several photo detectors . From the 
signals received by the photo detectors the relative position 
of the two gratings to each other is determined . The encoder 
is based on an interferometric position measuring method . 
The sensor module 520 can be configured correspondingly 
in form of an optical encoder in order to directly measure the 
relative position between the substrate holding device 16 
and the bottom of the housing 426 of the projection optics 
26 . 
[ 0144 ] The deviation information ( Axs , Ays ) of the posi 
tion of the image from its target position on the substrate 30 
calculated by the evaluation device 54 during the exposure 
process is used to manipulate the operation of the projection 
exposure system in real time in order to correct for the 
deviation immediately . In an example of this manipulation 
the position of one of the reflective optical elements 28 of 
the projection optics 26 is changed , as described above with 
respect to FIG . 3 . 
[ 0145 ] FIG . 16 shows a portion of projection optics 26 
including an actuation module for manipulating the position 
of an optical element 28 in an embodiment according to the 
invention . Here the optical element 28 can be moved and 
tilted via at least two positioning devices 618 , also referred 
to as actuators , with respect to a counter mass 616 . The 
counter mass 616 is connected via spring elements 614 to a 
holding frame 612 of the projection optics 26 . The counter 
mass 616 and the spring elements 614 are specifically 
configured to avoid undesired vibrations of the holding 
frame 612 as a result of reaction forces due to fast move 
ments of the positioning devices 618 during operation . 
Accordingly , fast manipulations of the position of the optical 
element 28 to be moved are possible without negatively 
affecting the positional stability of other optical elements 28 
of the projection optics 26 . 

[ 0146 ] Another possibility of manipulating the operation 
of the projection exposure system in order to correct the 
measured image deviation ( Axs , Ays ) on the substrate 30 is 
described referring to FIG . 17 . Therein an embodiment of a 
substrate holding device 36 is shown , which comprises a 
base part 712 and an adjustment part 714 for holding the 
substrate 30 . The adjustment part 714 is mounted with pivots 
716 to the base part 712 such that it can be moved with 
respect to the base part 712 in a plane parallel to the substrate 
30 . This movement is performed by actuators during the 
exposure process in order to correct the measured image 
deviations ( Axs , Ays ) on the substrate 30 immediately . In an 
alternative solution the movement of the mask holding 
device 14 and / or the overall substrate holding device 36 is 
controlled such that the image deviations ( Axs , Ays ) on the 
substrate 30 are corrected accordingly . 
[ 0147 ] A further possibility of manipulating the operation 
of the projection exposure system in order to correct the 
measured image deviation ( Axs , Ays ) on the substrate 30 is 
described referring to FIG . 18 . This Figure shows a projec 
tion exposure system 810 of any of the above described 
types comprising a pulsed radiation source 822 for produc 
ing the exposure radiation 25 , which is directed by illumi 
nation optics 824 onto the mask 18 . The evaluation device 
54 delivers a time resolved signal of Ax and Ays , as shown 
exemplary for Axs in FIG . 18 , to a trigger device 825 . The 
trigger device 825 controls the radiation source 822 such , 
that a pulse of radiation is released at a point in time , at 
which the image deviation ( AX , Ays ) on the substrate 30 is 
within a predetermined tolerance 828 . 
[ 0148 ] The above description of the preferred embodi 
ments has been given by way of example . From the disclo 
sure given , those skilled in the art will not only understand 
the present invention and its attendant advantages , but will 
also find apparent various changes and modifications to the 
structures and methods disclosed . The applicant seeks , 
therefore , to cover all such changes and modifications as fall 
within the spirit and scope of the invention , as defined by the 
appended claims , and equivalents thereof . 

1 - 8 . ( canceled ) 
9 . A projection exposure system for microlithography 

comprising : 
projection optics arranged to image mask structures onto 

a substrate during an exposure process , and 
a measuring apparatus configured to monitor lateral imag 

ing stability of the projection optics comprising : 
a measurement structure , and 
a detector arranged to record an image of the measure 
ment structure imaged by the projection optics , 

wherein the projection optics , the measurement structure , 
and the detector are arranged and configured such that 
the projection optics image the mask structures onto the 
substrate via a first optical path that terminates on the 
substrate and image the measurement structure onto the 
detector at the same time via a second optical path that 
differs from the first optical path and terminates on the 
detector such that the measurement structure is imaged 
by means of the projection optics directly onto the 
detector . 

10 . The projection exposure system as claimed in claim 1 , 
wherein the projection optics comprises several optical 

elements and the second optical path is undeviated 
between a last optical element of the projection optics 
and the detector , which last optical element is the one 
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of the optical elements struck last by the first optical 
path before striking the substrate . 

11 . The projection exposure system as claimed in claim 1 , 
wherein the measuring apparatus further comprises an 

evaluation device configured to establish a lateral posi 
tion of the image of the measurement structure in an 
area of the detector during the exposure process . 

12 . The projection exposure system as claimed in claim 1 , 
further comprising a mask holding device holding a mask 

with the mask structures disposed on the mask and 
comprising a reference element , wherein the measure 
ment structure is disposed in a defined position with 
respect to the reference element , which defined position 
is mechanically uncoupled from the mask holding 
device . 

13 . The projection exposure system as claimed in claim 4 , 
wherein the reference element comprises a detector 

related reference element , and wherein the detector is 
disposed in a defined position with respect to the 
detector related reference element . 

14 . The projection exposure system as claimed in claim 3 , 
further comprising a substrate holding device for holding 

the substrate , which substrate holding device is 
mounted movably in relation to the detector related 
reference element . 

15 . The projection exposure system as claimed in claim 4 , 
wherein at least one of the measurement structure and the 

detector are fixed rigidly to the reference element . 
16 . The projection exposure system according to claim 1 , 
wherein the projection optics comprises the reference 

element , the detector is attached to the projection optics 
in a fixed position , and 

further comprising a sensor module configured to measure 
a distance between the detector and the substrate hold 
ing device during the exposure process . 

17 . The projection exposure system according to claim 1 , 
wherein the substrate holding device is mounted movably 

in relation to the detector . 
18 . The projection exposure system according to claim 1 , 
wherein the detector has a locally resolving two - dimen 

sional sensor and a detector structure disposed in front 
of the two - dimensional sensor , and wherein the detec 
tor is configured to record the image produced on the 
detector by the projection optics by recording a pattern 
produced by superimposing the image of the measure 
ment structure with the detector structure . 

19 . A method for monitoring the lateral imaging stability 
of a projection exposure system for microlithography com 
prising : 

imaging the mask structures onto a substrate in an expo 
sure process using projection optics of the projection 
exposure system via a first optical path that terminates 
on the substrate , 

imaging a measurement structure onto a detector during 
the exposure process using the projection optics via a 
second optical path that differs from the first optical 
path and terminates on the detector , wherein the mea 
surement structure is imaged by means of the projec 
tion optics directly onto the detector , and 

recording the image of the measurement structure on the 
detector and establishing a lateral imaging stability of 
the projection optics . 


