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multiple optical subsystems. The optical subsystems are
con?gured to project an image during a lithography step.
The inspection system provides self calibration by measur
ing both a test mask and the aerial image of the test mask
With the same detector assembly. The inspection system is

also capable of measuring multiple ?elds simultaneously
using multiple detectors and 6 axis interferometry to accu

rately determine the position of each detector. Additionally,
the inspection system is capable of measuring the distance
betWeen the test mask and the detector assembly With an

indirect path around the projection unit Which normally
blocks the direct path.
49 Claims, 14 Drawing Sheets

A statutory invention registration is not a patent. It has
the defensive attributes of a patent but does not have the
enforceable attributes of a patent. No article or adver
tisement or the like may use the term patent, or any term

ABSTRACT

suggestive of a patent, When referring to a statutory
invention registration. For more speci?c information on

An inspection system and method are disclosed. The inspec
tion system is con?gured to inspect a projection unit having

the rights associated With a statutory invention registra

(57)

10

tion see 35 U.S.C. 157.
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INSPECTION TOOL FOR TESTING AND
ADJUSTING A PROJECTION UNIT OF A
LITHOGRAPHY SYSTEM

systems are needed. In most cases, several iterations of

testing and adjustments are needed to meet speci?cations
and thus the process of installing and removing is unfortu

nately sloW and time consuming. Moreover, multiple instal
lations and removals may lead to other imperfections of the
BACKGROUND OF THE INVENTION

optical subsystem, i.e., misalignments may be produced
When the projection unit is installed or removed.

The present invention relates generally to a lithography
system. More particularly, the present invention relates to

Thus, there is a need for improved techniques for testing
and adjusting the optical subsystem of a projection unit.

improved techniques for inspecting optical projection units,
Which are used in lithography systems.
Lithography systems used in the manufacture of inte

10

SUMMARY OF THE INVENTION

The invention relates, in one embodiment, to an inspec

grated circuits and ?at panel displays have been around for

tion system for performing optical tests associated With

some time. Such systems have proven extremely effective in

the precise manufacturing and formation of very small
details in the product. In most lithography systems, a circuit

15

image is Written on a substrate by transferring a pattern via

a beam (e.g., light beam). As is generally Well knoWn,
lithography systems typically include an illumination unit
for transmitting the beam through patterns resident on the
surface of a mask and a projection unit for projecting the
transmitted beam onto the surface of the substrate.

The projection unit generally contains an optical sub
system having a plurality of optical components that Work
together to collect and project the transmitted beam. By Way

of example, the optical subsystem may include optical

determining the imaging quality of a plurality of optical
subsystems of an optical system. The optical tests are
performed With a test mask having a plurality of measurable
test patterns formed thereon. The inspection system includes
a detector assembly capable of measuring the measurable
test patterns of the test mask and the aerial image of the
measurable test patterns as projected through the optical
subsystems so as to determine the optical characteristics of

each of the optical subsystems.
25

The invention relates, in another embodiment, to a detec
tor assembly for use in a tool for inspecting optical systems

having a plurality of optical subsystems. The detector

components such as lenses, prisms, mirrors and the like.

assembly includes a plurality of detector mechanisms. Each

Unfortunately, the optical components, either separately or

of the detector mechanisms corresponds to individual ones

together, may contain imperfections that cause differences
betWeen the pattern on the mask and the projected image of
the pattern, i.e., the projected image may not coincide

of the optical subsystems. The detector mechanisms are
con?gured to simultaneously measure the optical character

istics of each of the optical subsystems.
The invention relates, in another embodiment, to a posi

exactly With the pattern on the mask. By Way of example, the
imperfections may be related to mis-aligned optical compo

tion location assembly for use in a tool for inspecting optical

nents or optical components With defects or variations. As

should be appreciated, any differences created betWeen the
pattern on the mask and the projected image of the pattern
make it dif?cult to ensure precise manufacturing of the

35

systems having a plurality of optical subsystems. The assem
bly includes a detection system con?gured to continuously
determine the position of a detector assembly relative to one
or more reference points. The detection system includes one

product, i.e., the image differs from What is sought and

or more ?rst sensors that measure the distance betWeen a

therefore the printed pattern on the substrate is adversely
effected. By Way of example, the Width of printed lines may
be increased or decreased, the position of the lines may be
skeWed or shifted, subsequently processed patterns in the
product may be misaligned and the like.
In general, the optical subsystems are certi?ed in the
factory before ?nal shipment to the customer. The certi?

?xed reference frame and the detector assembly, and one or
40 more second sensors that measure the distance betWeen a

test mask and the detector assembly.
The invention relates, in another embodiment, to an
inspection system. The inspection system includes a test
45

cation process generally includes testing and adjusting the
optical subsystems until they meet desired speci?cations.
Unfortunately, hoWever, due to the inherent high-precision
nature of the optical components, testing and adjustments

component con?gured to help determine the optical charac
teristics of an optical component. The inspection system also
includes an optical detection component con?gured to per
form optical tests on an optical component. The detector
component cooperates With the test component to determine

the optical characteristics of the optical component. The
optical component is disposed betWeen the test component

thereto can be dif?cult to achieve in a cost effective, accurate

and speedy manner.

and the detector component While the tests are being per

Conventionally, the projection unit has been installed in
the lithography system in order to perform testing on the
optical subsystems. In most cases, the optical subsystems are
tested by exposing photoresist With a projected image of a
test mask and then examining the resultant printed image of

formed. The inspection system additionally includes a posi

55

tion detection component con?gured to measure the distance
betWeen the test component and the detector component
With an indirect path around the optical component Which

blocks the direct path.

the projected image in the photoresist. Unfortunately, pho

The invention relates, in another embodiment, to a

method of self calibrating an inspection system. The inspec
tion system is con?gured to inspect an optical component of

toresist exposure and subsequent measurement is typically
very sloW, and limited in the type of measurements that may
be performed, as Well as in the accuracy of the measure

a lithography system. The method includes providing a test

ments. For example, the determination of focus and there
fore the focal plane is typically not very accurate in photo
resist. Furthermore, there is generally not enough space to

mask having on or more test patterns. The method also

perform the adjustments on the optical subsystems When the
projection unit is disposed in the lithography system and
therefore the projection unit is typically removed from the
lithography system When adjustments on the optical sub

includes measuring the test patterns With the inspection
system. The method additionally includes measuring the
65

images of the test patterns With the same inspection system.
The images are formed by the optical component. The
method further includes comparing the test patterns With the

images.
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FIG. 14B is a simpli?ed diagram of an individual confocal
system in a second mode, in accordance With one embodi
ment of the present invention.
FIG. 15 is a simpli?ed diagram of a detector unit that
includes an imaging system and confocal system, in accor
dance With one embodiment of the present invention.
FIG. 16 is a simpli?ed diagram of a test mask, in
accordance With one embodiment of the present invention.

The invention relates, in another embodiment, to a

method of inspecting optical projection units having mul
tiple ?elds. The method includes simulataneously measuring
multiple ?elds With multiple detectors. Each of the detectors
corresponds to an individual ?eld. The method also includes

moving the multiple detectors to various measurement
points Within its corresponding individual ?eld. The method

additionally includes determining the position of each detec
tor With 6 aXis interferometry.
10

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is illustrated by Way of example,
and not by Way of limitation, in the ?gures of the accom
panying draWings and in Which like reference numerals refer
to similar elements and in Which:

15

the projection unit With a detector arrangement. Another
aspect of the invention relates to comparing a measured
pattern of a test mask With a measured image of the pattern

projected by the optical subsystem under test. Yet another

embodiment of the present invention.
FIG. 3A is a simpli?ed block diagram of an inspection
system 100 for inspecting a projection unit 102, in accor
25

FIG. 3B is a simpli?ed diagram of test patterns shoWing
deviations betWeen a ?rst test data and a second test data, in
accordance With one embodiment of the present invention.

purposes as the invention eXtends beyond these limited
embodiments.

FIG. 1 is a simpli?ed diagram of a lithography system 10,
in accordance With one embodiment of the present inven

present invention.

one embodiment of the present invention.
FIG. 7 is a perspective diagram of a lens calibrating
system in a ?rst mode, in accordance With one embodiment

35

40

FIG. 12 is a simpli?ed diagram of the reference frame of

As shoWn in FIG. 1, the lithography system 10 generally
includes an illumination unit 16, a mask stage 18, a projec
tion unit 20 and a substrate stage 22. The illumination unit
45

16 is con?gured to generate and direct the light beam(s) 13
to the surface of the mask 14. Although not shoWn, the
illumination unit 16 generally includes a light source for

generating the light beam(s) and associated optics for direct
ing the light beam(s) to the mask 14. The projection unit 20,
on the other hand, is con?gured to collect the transmitted

light 13‘ that is passed through the mask 14, and to direct
(e.g., focus) the collected light 13“ to the surface of the
substrate 12. As shoWn, the projection unit 20 includes one
or more optical subsystems 24, each of Which contains a
55

variety of optical components such as lenses, prisms,
mirrors, and the like. In one embodiment, the optical sub
systems may contain 14 to 18 separate lenses for directing

FIG. 11 shoWing the operation thereof, in accordance With
one embodiment of the present invention.

FIG. 13A is a simpli?ed diagram of an individual imaging
system in a ?rst mode, in accordance With one embodiment
of the present invention.
FIG. 13B is a simpli?ed diagram of an individual imaging
system in a second mode, in accordance With one embodi
ment of the present invention.
FIG. 14A is a simpli?ed diagram of an individual confocal
system in a ?rst mode, in accordance With one embodiment
of the present invention.

patterned mask 14. The light beams may be Widely varied.
For eXample, the light beams may be con?gured to illumi
nate an area such as a trapeZoidal area.

ence frame, in accordance With one embodiment of the

present invention.

tion. By Way of eXample, the lithography system may be
used to fabricate integrated circuits (IC), ?at panel displays,
and the like. The lithography system 10 is generally
arranged for Writing an image on the surface of a substrate
12 by transmitting one or more light beams 13 through a

of the present invention.
FIG. 8 is a perspective diagram of a lens calibrating
system in a second mode, in accordance With one embodi
ment of the present invention.
FIGS. 9A and 9B are perspective diagrams of a detector
boX, in accordance With one embodiment of the present
invention.
FIG. 10 is a perspective diagram of a mask holder, in
accordance With one embodiment of the present invention.
FIGS. 11A and 11B are perspective diagrams of a refer

embodiment of the invention relates to monitoring the
position of the detector arrangement to ensure precise and
accurate measurements of the pattern and projected image.
These and other aspects of the invention are discussed
beloW With reference to FIGS. 1—16. HoWever, those skilled
in the art Will readily appreciate that the detailed description

given herein With respect to these ?gures is for explanatory

FIG. 4 is a How diagram of an inspection method, in
accordance With one embodiment of the present invention.
FIG. 5 is a perspective diagram of an inspection tool and
a projection unit, in accordance With one embodiment of the

FIGS. 6A is a perspective diagram of an inspection tool
With the projection unit in an adjustment position, in accor
dance With one embodiment of the present invention.
FIGS. 6B is a perspective diagram of an inspection tool
With the projection unit in a test position, in accordance With

The invention generally pertains to an inspection system
and method for inspecting projection units, Which are used
in lithography systems. One aspect of the invention relates
to an offline inspection tool for testing and adjusting the

optical subsystems of projection units. Another aspect of the
invention relates to testing multiple optical subsystems of

FIG. 1 is a simpli?ed diagram of a lithography system 10,
in accordance With one embodiment of the present inven
tion.
FIG. 2 is a top vieW of a light ?eld distribution 30
produced by an illumination unit, in accordance With one

dance With one embodiment of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

the light therethrough. The projection unit 20, and more
particularly the optical subsystems 24, may be arranged to
increase, reduce or maintain the siZe of the images produced
by the patterned mask 14. In the illustrated embodiment, the
projection unit 20 is arranged to maintain the siZe of the

65

images produced by the mask 14 so as to form an image of
similar siZe on the surface of the substrate 12 (1:1 ratio).
The illumination unit 16 and projection unit 20 set-up

may be Widely varied. For eXample, the units 16, 20 may be
con?gured to process a single beam or multiple beams. In

US H2114 H
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the illustrated embodiment, the illumination unit 16 is con

plurality of light beams 13. By Way of example, the illumi

FIG. 3 is a simpli?ed block diagram of an inspection
system 100 for inspecting a projection unit 102, in accor
dance With one embodiment of the present invention. The

nation unit may include a plurality of light sources, each of
Which produces a separate beam or it may include a single

optical tests for determining the image quality of each of the

?gured to produce a light ?eld distribution containing a

light source With a beam splitter that splits the generated
beam into a plurality of beams. In addition, the projection
unit 20 is con?gured to individually collect and direct each
of the light beams 13‘ in the light ?eld distribution to the
surface of the substrate 12 via a plurality of optical sub
systems 24. In most cases, the number of optical subsystems
24 corresponds to the number of light beams 13 produced by
the illumination unit 16, i.e., there is a distinct optical
subsystem for each beam. In the illustrated embodiment, the
illumination unit 16 is con?gured to direct seven light beams
13 to the surface of the mask 14 and therefore the projection
unit 20 includes a seven corresponding optical subsystems
24.
As shoWn in FIG. 1, the mask stage 18 is positioned
betWeen the illumination unit 16 and the projection unit 20
and the substrate stage 22 is positioned beloW the projection
unit 20. The mask stage 18 is generally arranged to hold and
move the patterned mask 14 While the substrate stage 22 is
generally arranged to hold and move the substrate 12. The
movement of the stages may be Widely varied. In the
illustrated embodiment, the stages 18, 22 are moved together

inspection system 100 is generally con?gured to perform

optical subsystems (not shoWn in this ?gure) of the projec
tion unit 102. By Way of example, the projection unit 102
may generally correspond to the projection unit shoWn in
FIG. 1. The optical tests are generally performed With a test
mask 106 having one or more measurable test patterns

formed thereon. The number of test patterns generally
corresponds to the number of optical subassemblies of the
projection unit 102. The test patterns are generally con?g
15

ured to identify imperfections in the optical subsystem that
may displace the images produced therethrough. In one
embodiment, each of the test patterns may include an array

of test marks for helping determine image displacement in
the X, Y and Z directions. By Way of eXample, the test marks
may be alignment targets (X and Y directions) and/or focus

targets (Z direction). As should be appreciated, if the optical
subsystems have distortions, the alignment marks may be
displaced in the X and Y directions. In addition, if the optical
subsystems have aberrations, astigmatisms and the like, the
alignment marks may be displaced in the Z direction.
25

along a linear scan path so that all or any selected part of the

patterned mask 14 is scanned. Although only a small portion

Unfortunately, the test mask 106, as Well as the inspection
system 100 itself, may have errors in the form of
imperfections, defects and deviations that if not otherWise

of the mask 14 is imaged at any one time, the surface of the

compensated for through calibration Would adversely effect

mask 14 is sequentially eXposed to the ?elds of the light
beams 13, thereby alloWing a pattern (similar to the pattern

the outcome of the tests. For eXample, the test mask 106 may
be large and thus it cannot be made or measured to the

on the mask) to be built up on the substrate 12. Alternatively,
a serpentine path, Which moves back and forth in the

the inspection system 100 is also con?gured to test the test

direction of the X-aXis While being incremented in the
Y-direction at the end of each traverse, may be used.
FIG. 2 is a top vieW of a light ?eld distribution 30
produced by an illumination unit, in accordance With one

accuracy that is important to making good optics. Therefore,

mask 106 before (or after) testing the optical projection unit
102 so that any errors in the test mask 106 or inspection
35

embodiment of the present invention. In this Figure, the light
?eld distribution 30 is shoWn incident on a surface 32 of a

mask 34. By Way of eXample, the light ?eld distribution 30
may generally correspond to the light ?eld distribution
formed by beams 13 shoWn in FIG. 1. The light ?eld
distribution 30 generally produces a plurality of distinct light

40

To elaborate, the optical tests performed by the inspection
system 100 are generally arranged to produce a ?rst test data
associated With the test mask 106 and inspection system 100
and a second test data associated With the test mask 106,

?elds 36 that are scanned in the direction of arroWs 38. The

combination of these ?elds 36 forms an overall scanning

sWath, S.
The ?eld distribution 30 may be Widely varied. In the
illustrated embodiment, the ?elds 36 are spatially separated

system 100 can be removed (or calibrated) from the test
results of the projection unit 102. That is, the inspection
system 100 is con?gured to calibrate by measuring the test
mask 106 directly and then comparing that With the results
obtained through the optics 102. Errors in the test mask 106
are removed by the comparison.

45

inspection system 100 and projection unit 102. The ?rst test
data can be compared With the second test data to determine

relative to one another. That is, each of the ?elds 36 are

the image quality of each of the optical subsystems of the

isolated from other ?elds so that they do not overlap any
portion of an adjacent ?eld (in the direction of the incident
light). As should be appreciated, it Would be dif?cult to
collect each of the individual ?elds at the projection unit if

projection unit 102. The ?rst test data essentially provides a
calibration data for helping determine the actual image

the ?elds Were not isolated in this manner. Furthermore, the

using X and y coordinates, if the ?rst test data 103 includes
a ?rst mark position at 0,0, and the second set of data 105

displacement of the optical subsystems. By Way of eXample,
and referring to FIG. 3B, for a given optical subsystem and

?elds 36 are staggered so that adjacent ?elds step back in

fourth relative to one another (e.g., offset). The staggered
?elds are generally positioned so that a portion of them
covers an edge of an adjacent ?eld in the scanning direction,

55

thus ensuring that the scanning sWath, S, is scanned Without
missing any areas therebetWeen. That is, although the ?elds
are spatially distinct, they sWeep together across the surface
of the substrate painting a continuous image. Furthermore,
the shape of the ?elds may be Widely varied. For eXample,

includes the same ?rst mark position at 0,1 (e.g., image of
mark), then the inspection system tends to knoW that the
optical subsystem is off With respect to the mask and
inspection system in the +Y direction by 1. In addition, if the
?rst test data 103 includes a second mark position at 2,2, and
the second set of data 105 includes the same second mark

position at 1,2 (e.g., image of mark), then the inspection

may vary according to the speci?c needs of each lithography

system tends to knoW that the optical subsystem is off With
respect to the mask and inspection system in the —X direc
tion by 1.
Referring back to FIG. 3A, the inspection system 100
includes a mask assembly 104, a detector assembly 110, a
position locator assembly 120 and a control assembly 130.

system.

The mask assembly 104 is capable of holding and moving

they may be square, rectangular, circular, triangular, and the
like. In the illustrated embodiment, the ?elds 36 are trap

eZoidally shaped. It should be noted that this particular ?eld
distribution is not a limitation and that the ?eld distribution 65

US H2114 H
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the test mask 106 to multiple test positions. For example, the
mask assembly 104 may be con?gured to move the test mask
106 to a calibration position for measuring the test patterns

the mask and detector assemblies. By Way of example, the
positional sensors may include interferometers, capacitance
sensors and the like. The positional sensors generally
include a pair of components A and B that cooperate With
one another to determine the position of the assemblies. For
example, in the case of interferometers sensors, the inter

of the test mask 106 and a measurement position for

measuring the image of the test patterns of the test mask 106

as projected through the projection optics 102.
The detector assembly 110 is capable of measuring the

ferometers sensors include a laser component and a mirror

component. The position of these components may be
Widely varied. For example, they may be positioned on the

test patterns of the test mask 106 and the image of the test
patterns of the test mask 106 as projected through the

projection optics 102. The detector assembly 110 includes

10

one or more detector mechanisms 112 for measuring the one

or more test patterns of the test mask 106 (as shoWn by arroW
114) and the one or more projected images 109 of the test

patterns (as shoWn by arroW 116). By Way of example, the
projected image 109 may be the aerial image produced by

15

The number of detector mechanisms 112 generally corre

assembly 130 is operatively coupled to the mask assembly
104, the detector assembly 110 and the position locator

unit 102. The detector mechanisms 112 may be Widely
varied. For example, the detector mechanisms 112 may have
imaging and/or confocal elements. Imaging elements are

assembly 120. The control assembly 130 may include capa
bilities for, but not limited to, retrieving positional informa

generally used to measure distortion characteristics in the X
and Y directions While confocal elements are generally used
to measure focus characteristics in the Z direction.

tion from the position locator assembly 120, providing
control signals to move the mask and the detector assemblies
25

the X, Y and/or Z directions during inspection so as to
measure the test marks contained Within the test patterns of

detector assembly 110 is moved so that the detector mecha
nisms 112 sequentially measure an array of test marks (or

processing steps that calibrate out errors in the test mask

and/or inspection system. In essence, the control assembly

images thereof) located Within the test pattern (or image

subtracts the ?rst test data from the second test data to
compensate for errors in the mask and inspection system.

thereof). For example, the detector mechanisms 112 may be
moved from a ?rst mark to a second mark and so on Within

That is, during processing, distortions in the mask and

the test pattern or image thereof. For example, referring to
FIG. 3B, the detector mechanisms may be moved from the
?rst mark 0,0 to the second mark 0,1 Within the ?rst set of
data 103.

detectors may be calibrated out of the test results to produce
test results that more accurately describe the distortions in
the projection unit. In one implementation, the control

assembly stores calibration data and measured data, sub
tracts calibration data from measured data to determine
40

scans. Each individual detector mechanism measures a dis

actual data, and outputs this information for further process

ing.
Although not shoWn, the inspection system 100 may also

tinct test pattern at the same time. That is, multiple detector
mechanisms are con?gured to measure multiple test patterns

minimum drift. For example, it reduces the amount of time
needed to scan all of the test patterns, i.e., it may take a long
time to scan multiple test patterns With a single detector.

104 and 110, retrieving measured data (e.g., ?rst and second

data) from the detector assembly 110, storing the positional
information and measured data, processing the positional
information and measured data, and/or the like.
In one embodiment, the control assembly 130 includes

the test mask 106 (or images 109 thereof). In most cases, the

simultaneously. This generally produces fast throughput and

various components of the of the inspection system 100. For
example, the control assembly 130 may be arranged to act
as a master controller of the inspection system 100, i.e.,
of assigned tasks. In the illustrated embodiment, the control

sponds to the number of optical subsystems of the projection

In one embodiment, the detector assembly 110 includes a
plurality of detector mechanisms that are ganged together so
as to gather data at the same time as the detector assembly

the inspection system (e.g., a ?xed member).
The control assembly 130 is capable of controlling the

commands may be issued to and status may be monitored
from the various components so as to facilitate completion

each of the optical subsystems of the projection unit 102.

The detector assembly 110 is also capable of moving in

mask assembly, detector assembly or some other portion of

45

include a computer system for resolving or analyZing infor
mation and/or data retrieved by the control assembly so as
to determine any adjustments that are needed. The computer
system may be a part of the control assembly or it may be
a distinct element. The computer system is generally con
?gured to run an algorithm With the ?rst and second data or

Referring back to FIG. 3, the position locator assembly
120 is capable of providing positional information associ

resultant data therefrom for determining any adjustments
that need to be made. For example, the algorithm may

ated With the mask and detector assemblies 104, 110. For

determine that a lens needs to be adjusted. Not only does the
algorithm take into account the relative positions of each
data point, but also the data points relative to one another.
The computer system is generally arranged to inform an
operator of the desired adjustment. In most cases, its an

example, the position locator assembly 120 may provide
positional information corresponding to the calibration and
measurement positions of the mask assembly 104. In

addition, the position locator assembly 120 may provide
positional information corresponding to the testing positions

55

iterative process, i.e., the operator makes the adjustment and
tests it again until the optical subsystems reach a certain
limit that is acceptable.

of the detector assembly 110.

The positional locator assembly 120 is generally con?g

FIG. 4 is a How diagram of an inspection method 150, in
accordance With one embodiment of the present invention.

ured to measure one or more degrees of freedom of the mask

and detector assemblies 104, 110. For example, the position
locator assembly 120 may be con?gured to provide posi

By Way of example, the inspection method may be imple
mented via the inspection system of FIG. 3. The inspection
method 150 is generally con?gured to help determine the

tional information in the X, Y and/or Z directions as Well as

the rotational 0x, By, 02 directions. In one embodiment, 6 axis
interferometry is used to track the position of the detector
assembly. In order to obtain the positional information, the
position locator assembly 120 generally includes one or
more positional sensors 122 for monitoring the positions of

65

optical characteristics of a projection unit. By Way of
example, the optical characteristics may include focus plane,
astigmatism, distortion, aberrations and the like. In most
cases, a test mask is used to perform optical tests associated
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With determining the optical characteristics on the projection

a re?ecting area-no pattern) With measurable information in

unit. The optical tests are used to provide feedback for

example, the optical tests may indicate that a lens in the

the Z direction, and the light re?ecting off of the test marks
is passed back through the analyZing reticle and onto the
confocal detector. By Way of eXample, the focus region may

optical subsystem is not aligned properly.

be formed from a re?ecting material such as chrome. The

making adjustments to the projection unit under test. For

positions on the test mask. The number of test patterns

analyZing reticle is con?gured to effect the light incident on
the detector in accordance With the focus quality. Similarly
to above, a position locator system generally measures the
position of the confocal detectors during measurements

generally corresponds to the number of optical subsystems
of the projection unit being inspected. That is, there is

sured in a sequential manner (e.g., from one mark to

The inspection method generally begins at block 152
Where a test mask is provided. The test mask generally
includes one or more test patterns that are located at various

thereWith. In one implementation, the test marks are mea

another).

generally a test pattern for each ?eld used by the lithography
system from Which the projection unit is taken. The test
pattern is generally con?gured to be contained Within the
Each of the test patterns includes one or more test marks that

After measuring the test mask, the process ?oW proceeds
to block 156 Where the projected image of the test pattern is
measured. In most cases, each of the optical subsystems of
the projection unit is con?gured to project an individual test

provide measurable information in the X, Y and Z directions.
By Way of eXample, test marks associated With measurable

pattern of the test mask. The projected image is generally
positioned at the aerial image plane of the projection optics

information in the X and Y direction may be used to
determine distortion and test marks associated With measur
able information in the Z direction may be used to determine
misfocus. In one implementation, the X and Y test marks are
in the form of crosses While the Z test marks are formed by

under test. The projected image measurements are typically

re?ective surfaces.

to block 158 Where the test pattern is compared With the test

?eld of vieW of the optical subsystems of the projection unit.

After providing the test mask, the process ?oW proceeds

15

similar to the test pattern measurements. That is, the same

position and focus measurements are performed. In addition,
the same detector arrangement is used.

After measuring the test image, the process ?oW proceeds
25

to block 154 Where the test patterns of the test mask are

system may be calibrated out of the test image so that the

measured. During measurements, the test mask is generally
positioned in a plane that coincides With the image plane of

actual optical characteristics associated With the optical
subsystem under test may be determined. Once the optical
characteristics are determined, any needed adjustments
based on the actual optical characteristics may be performed
on the optical subsystem under test.
FIG. 5 is a perspective diagram of an inspection tool 200,

the projection optics under test. The measurements are

typically performed using various detector arrangements
capable of measuring different optical characteristics. By
Way of example, the test patterns may be measured With the
detector mechanisms of FIG. 3. The number of detectors in

each of the detector arrangements generally corresponds to
the number of optical subsystems of the projection unit

image. By comparing the test pattern to the test image,
imperfections associated With the test mask and inspection

in accordance With one embodiment of the present inven
35

tion. The inspection tool 200 is generally con?gured to test

under test. For eXample, if the projection unit includes seven

multiple optical subsystems at the same time so that a

optical subsystems then each of the detector arrangements

projection unit 205 can be rapidly adjusted and certi?ed in
the factory. By Way of eXample, the projection unit 205 may
correspond to the projection unit 20 shoWn in FIG. 1. In the
illustrated embodiment, the projection unit 205 includes 7
optical subsystems 203, each of Which is supported Within a
frame of the projection unit 205.
The inspection tool 200 generally includes a structural
chassis 202, a support arrangement 204, and a lens calibra
tion system 206. Broadly, the structural chassis 202 provides
support to the support arrangement 204 and the lens cali
bration system 206. The support arrangement 204 provides
support to a projection unit 205. The lens calibration system
206 performs optical tests on the projection unit 205.

includes 7 detectors. In one implementation, multiple detec
tors are used to simultaneously measure multiple test pat
terns. That is, the individual detectors may be moved

40

together as a group at the same time With each individual

detector measuring test marks contained Within individual
test patterns.
In one embodiment, position measurements are per

formed. This is generally accomplished by illuminating the

45

test mask and capturing an image of the test marks With
measurable information in the X and Y directions. Illumi

nation may be implemented by an illumination unit disposed
behind the test mask and capturing may be implemented by
imaging detectors disposed in front of the test mask. By Way

More particularly, the structural chassis 202 includes a

base 208 for supporting the support arrangement 204 and
lens calibration system 206 thereon, and a plurality of

of eXample, the test marks may be imaged With a CCD. The

captured image is typically smaller than the ?eld of vieW, but
larger than the test marks. Standard image processing gen
erally ?nds the position of each of the test marks Within the

captured image and a position locator system generally
measures the position of the imaging detectors during imag
ing of the test marks. In one implementation, the relative
position of each of the test marks contained Within an
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isolation units 210 for supporting the base 208 relative to the
ground. In the illustrated embodiment, the base 208 is
isolated from the ground by means of three vibration isola
tion units 210A—C. As should be appreciated, three isolation
units are used to avoid the possible structural deformation

caused by the typical arrangement of four isolators (in Which

individual test pattern is sequentially measured by an indi

case tWo of the isolators are slaved together). The projection

vidual imaging detector.

unit 205 is typically very heavy and therefore it is important
that the Weight of it not distort the base 208. This is typically
accomplished by using a massive base that tends not to
distort under the load of the projection unit 205. By Way of

In another embodiment, focus measurements are per

formed. This is generally accomplished by a confocal detec
tor arrangement. In one implementation, the confocal detec
tor arrangement includes a light source, an analyZing reticle
and a detector. The light source illuminates the analyZing

reticle. Thereafter, the light is focused onto the test mask,
and more particularly a focus region of the test mask (e.g.,

eXample, the base 208 may be formed from a suitable
65 structural material such as cast iron.

Furthermore, the support arrangement 204 is generally
arranged to locate the projection unit 205 relative to the lens

