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APPARATUS AND METHODS FOR RETICLE HANDLING IN AN EUV
RETICLE INSPECTION TOOL
Francis Charies Chilese
Ulrich Pchlmann
Detlef Wolter
Joseph Fleming Walsh

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] The present application for patent claims priority
under 35 U.8.C. 119 from U.S8. provisional patent
application serial number 61/616,344, entitled “Reticle
Load From EIP Into Adapter In Atmosphere In EUV Reticle
Inspection Tool,” filed March 27, 2012, and from U.S.
provisional patent application serial number 61/738,351,
entitled “Reticle Load From EIP Into Adapter In
Atmosphere In EUV Reticle Inspection Toel,” filed
December 17, 2012, the entire subject matter of each is

incorporated herein by reference.

TECHNICAL FIELD
{00021 The described embodiments relate to systems for
specimen handling, and more particularly to particle
management and specimen positioning in atmospheric and

vaguum environments.,

BACKGROUND INFORMATION
[0003] Semiconductor devices such as logic and memory
devices are typically fabricated by a sequence of
processing steps applied to a specimen. The various
features and multiple structural levels of the
semiconductor devices are formed by these processing
steps. For example, lithography, among others, ig ons

semiconductor fabrication process that involves
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generating a pattern on a semiconducitor wafer.

Additional examples of semiconductor Efabrication
processes include, but are not limited to, chemical-
mechanical peolishing, etch, deposition, and ion
implantation. Multiple semiconductor devices may be
fabricated on a single semiconductor wafer and then
saeparated into individual semiconductor devices.

{0004] A lithographic process, as described above, is
performed to selectively remove portions of a resist
material overlaying the surface of a wafer, thereby
exposing underlying areas of the specimen on which the
regsist is formed for selective processing such as
etching, material deposition, implantation, and the like.
Therefore, in many instances, the performance of the
lithography process largely determines the
characteristics {e.g., dimensions} of the structures
formed on the specimen. Conseguently, the trend in
lithography is to design systems and components {(e.9.,
resist materials} that are capable of forming patteras
having ever smaller dimensions. In particular, the
resclution capability of the lithography tools is one
primary driver of lithography research and development.
[o005] ILithographic processes utilizing electromagnetic
energy in the form of extreme ultraviolet {(EUVY light are
being developed for selective exposure of the resist.

EUV radiation generated by an EUV radiation source is
directed to a reticle surface, reflected from the reticle
surface,; and projectad onto a wafer in a clean vaguum
environment. The reticle surface is patterned and the
reflected light projects this pattern onto the wafer. To
achieve aver smaller patterned feature sizes, the feature
sizes of reticle patterns continue to shrink.
Consequently, particle contamination requirements on the

reticle surface continue to become more stringent.
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[0006] In traditional optical projection lithography, a
paellicle is uszsed to protect the reticle. This pellicle
remains in place during all stages of the iithography
process. When a pellicle is used, particles settle on
the pellicle rather than the reticle. Cleaning the
pellicle poses fewer dangers to the integrity of the
raticle since the reticle is protected by the pellicle
during any cleaning operations. The pellicle also
minimizes the impact of particle contamination by
separating any particles that have setiled on its surface
from the reticle pattern by a distance corresponding to
the pellicle standoff-distance. This distance keeps the
particles away from the image plane of the imaging system
{the reticle patterned surface),; thus minimizing theix
impact on the image proiected onto the wafer.

{00071 Unfortunately, a pellicle is not currently used in
EUV applications because the short wavelengths of light
are =asily absorbed when transmitted through gases or
salids. Currently there are no robust materials
sufficiently transparent to EBEUV that can be used to make
a pellicle. Without awvailablie materials to cover the
patterned surface of an BUV reticle to protect it from
particle contamination, the patterned surface of BEUV
reticles is exposed to the process environment during
lithographic coperations and in some inspection
operations. Although work is being dona to identify a
more robust, transmissive pellicle, even if such a
pellicle were to become avallable, particle contamination
requirements will remain stringent as feature sizes
continue to shrink. As a result, maintaining particle
control and cleanliness of EUV reticles both inside and
outside semiconductor processing equipment is a
significant issue.

{0008] In an effort to reduce particle contamination, a

standard EUV pod (compliant with SEMI standard B152-0709)
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has been developed. An EUV pod includes an outer
carrier, commonly referred to as a Reticle SMIF Pod
(RSP}, and an inner pod, commonly referred to as an EUV
Inner Pod (EIP). The RSP is suitable for transporiing
EUV masks among different production stations and sites,.
The EIP is a protective enclosure that allows the reticle
to remain within a protective environment until inside
vacuum and near the reticle stage. During pumpdown to
vacuum or vent to atmospheric pressurse, particles can be
stirred up and deposited onteo a reticle surface. The EIP
allows the reticle to remain within a protective
environment until inside vacuum and near the stage. A
number of publications describe the development of an EUV
Inner Pod (EIP} to protect the reticle. Exemplary
publications include: “EXTATIC, ASML's [ 1tool development
for EUVL,” Hans Meiling, et al., Emerging Lithographic
Technologies VI, Proceedings of SPIE, Vol. 4688 (2002},
“Evaluation Results of a New EUV Reticle Pod Having
Reticle Grounding Paths,” Kazuya Ota, et al., Extreme
Ultraviolet (EUV) Lithography I, Proceedings of SPIE,
Vol. 7969 {(2011), and “ASML Approach to EUV Reticle
Protection,” Brian Blum, et al., presentation at Dallas
EUV Symposium, November 13, 2002, the entire subject
matter of sach is incorporated herein by reference.

{0009] Traditionally, the EIP is opened in vacuum to
allow the reticle to be lcaded onto an electrostatic
chuck. The use of an electrostatic chuck is expensive
and creates many particles that accumulate on the
backside of the reticle. Alternatively, the reticle may
be loaded directly onto the reticle stage using a clamp
mechanism. This has a number of disadvantages. First,
the clamping process generates a significant number of
particles. In the clean vacuum environment required for
EUV lithographic or inspection processing, control of

these particles isg difficult. Moreover, the generation
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of these particles in the processing environment is
undesirable. Second, the EIP was developed specifically
for use with a reticle stage with an electrostatic chuck.
The limitations of the EIP design make it difficult to
use in appilications with a different method of holding
the reticle, namely clamping. This complicates the
stage design and alse makes it difficult to control
particles created during the clamping process.

{0010] The importance of inspection of EUV reticles
continpues to grow as the dimensions of semiconductoxr
devices continue to shrink. Improved methods and systems
for handling EUV reticles in a reticle inspection system
that minimize the number of particles added to the

reticle are desired.

SUMMARY
[0011] Particle generation during reticle handling
operations presents a significant risk of undesirable
contamination of unprotected EUV reticles. Systems and
methods to control particle generation in a reticle
inspection system are presented.
{0012] In one aspect, the number of particles added to a
reticle during an entire load~inspect-unload sequence of
a reticle inspection svstem is reduced by performing all
reticle contact events in a controiled, flowing air
environment, rather than in a vacuum environment where
particle control is difficult.
{0013] In one further aspect, the reticle is fized to a
reticle carrier by clamping outside of the wvacuum
environment, and the reticle carrier, rather than the
reticle, is coupled to the reticle stage of the
inspection system. In this manner, the high levels of
back-side particulation associated with electrostatic

chucking are avoeided,
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{00141 In another further aspect,; the reticle carrier is
configured to be kinematically coupled to the reticle
stage. The use of a kinematic coupling between the
reticle carrier and the reticle stage puts significant
distance betwsen the particle generating contact events
and the reticle surfaces. Moreover, the reticle carrier
design shields the entire reticle from particles
generated by the leoading of the reticle carrier onto the
reticle stage.

00151 In yet another further aspect; the reticle carrier
is configured to be kinematically coupled to the reticle
stage in any of four different orientations separated by
ninety degrees. The resulting four-way symmetry
increases reticle inspection flexibility by allowing the
reticle to be presented for inspection in any of four
orthogonal orientations, without any additional contact
events on the reticle itself,

{0016] The foregoing is a summary and thus contains, by
necessity, simplifications, generalizations and omissions
of detail. Consequently, those skilled in the art will
appreciate that the summary is illustrative only and is
not limiting in any way. Other aspects, inventive
features, and advantages of the devices and/or processes
described herein will become apparent in the non-limiting

detailed description set forth herein.

BRIEF DESCRIPTION OF THE DRAWINGS
{0017] FIG. 1 is a simplified schematic view of a reticle
inspection gsystem 100 that may be used to implement
reticle handling methods described herein in one
axemplary embodiment.
{00181 FrIG. 2 is a diagram illustrative of an RUV reticle
pod 10 suitable for transportation of a reticle in an

ambient environment in one exemplary embodiment.
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{00181 PFIG. 3 is a diagram illustrative of an EIP 14
loaded onto a load station of a reticle loading system
(RLS) 130 in one exemplary embodiment.

[0020] FIG. 4 is a diagram illustrative of an BIP cover
15 removed from EIP base 16, exposing the backside of
reticle 150 in one exemplary embodiment.

{00211 FIG. 5 illustrates a simplified schematic of a
backside particle inspection system 160 positioned to
inspect the backside of reticle 150 in one exemplary
embodiment.,

{0022] FIG. & 1is a diagram illustrative of a reticle
carrier 13533 located over reticle 150 in one exemplary
embodiment.

{00231 FIG. 7 is a diagram illustrative of a reticle
carrier 153 including reticle clamping elements 155 that
are moveable relative to clamp reticle 150 to reticle
carrier 153 in one exemplary embodiment.

{00241 FIG. B is a diagram illustrative of the reticle
carrier of FIG. 7 in greater detall in one exemplary
embodiment.

[0025] FIG. 10 is a diagram illustrative of spherically
shaped mounting elements 158 arranged on the top surface
of the carrier top in one exemplary embodiment.

{0026] FIG. 2 is a diagram illustrative of the reticle
150 after being clamped into the reticie carrier top 153
and ¢losed in by reticle carrier base 156 arranged on the
top surface of end effector 131

{00271 FIG. 11 is a diagram illustrative of a series of
four movements to leoad a reticle carrier assembly 157
onto a reticle stage 102 in one exemplary embodiment.
o028 FIG. 12 is a diagram illustrative of a kinematic
handoff of the carrier top 153 from the end effector 111

to the reticle stage 102 in one exemplary embodiment.
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[0028] FIG. 13 is a flowchart illustrative of one
exemplary method 200 of loading a reticle into a reticle
inspection system in at least one novel aspect.

[0030] FIG. 14 is a flowchart illustrative of one
exemplary method 300 of unlcoading a reticle from a

reticle inspection system in at least one novel aspect.

DETAILED DESCRIPTION
[0031] Reference will now be made in detail to
background examples and some embodiments of the
invention, examples of which are illustrated in the
accompanying drawings.
{00321 FIG. 1 is a simplified schematic view of one
embodiment of a reticle inspection system 100 that may be
used to perform reticle handling methods described
herein. The system 100 includes a pod loading system
140, a reticle loading system 130, a load lock 120, a
transfer chamber 110, and a reticle inspection chamber
101. The dashed line generally illustrates the movement
of a reticle through system 100 from entry at the pod
lvading system 140 to the reticle inspection chamber 101,
and back out again., FIG., 2 is a diagram illustrating an
EUV reticle pod 10 suitable for transportation of
reticles {e.g., reticle 150) in the ambient environment.
In general, a reticle 150 is stored in an EUV Inner Pod
(BEIP} 14. EIP 14 includes an EIP base 16 and an EIP
caover 15, Reticle 150 is stored face down in EIP 14.
More specifically, the printed surface of reticle 150
faces EIP base 16 and the backside of reticle 150 faces
EIP cover 15. EIP base 16 inciudes features to fix the
rosition of reticle 150 during transport. EIP cover 15
clamps to BIP base 16, effectively sandwiching reticle
150 bhetween EIP base 16 and EIP cover 15. EIP 14 itself
is contained by an outer pod, sometimes referred to as a

Beticle SMIF Pod (R8P} 11. RSP 11 includes a R8P base 13

8
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and a RSP cover 12. Similarly, RSP base 13 clamps to RSP
cover 12, effectively sandwiching EIP 14 between RSP base
13 and RSP cover 12,

[0033] The inner and outer BUV pods are designed in a
manner that facilitates their opening, closing, and
general manipulation. For example, the inner and outer
BUOV pods may be designed to include robotic handling
flanges, latch-pin holes, pins, conveyor rails, end
effector exclusion volumes, secondary and primary side
robotic handling flanges, features for reticle alignment
and data matrix identification, registration pin
features, features which mate with kinematic-coupling
ring, and the like. The known opening and closing
techniques for the inner and outer EUV pods may be
applied by any of the handling mechanisms of reticle
inspection system 100. The description of an EUV pod in
this patent decument is provided by way of non-limiting
example and generally tracks the current standard for EUV
pods promulgated for industry use {e&.g., SEMI standaxd
B152~-0709) . However, many other EUV pod designs that
include a cover and base may be contemplated. The
methods and apparatus described in this patent document
apply to these EUV pod designs in an analogous manner.
{00341 In one aspect, the number of particles added to a
reticle during an entire load-inspect-unload sequence of
a reticle inspection system is reduced by performing all
reticle contact events {(e.g., clamping, grounding, etc.}
in a controlled, flowing air environmenit. In this
manner, particles created at every reticle contact event
are more effectively controlled than in a vacuum
environment., In a further aspect, the reticle is fixed
to a carrier by clamping, and the carrier is coupled to
the reticle stage for inspection. In this manner, the
high levels of back-side particulation associated with

electrostatic chucking are avoided. In yet another
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further aspect, the carrier is coupled to the reticle
stage by a kinematic mount that allows for orientation of
the carrier with respect to the reticle stage in any of
four orthogonal orientations.

[O0351 FIG. 13 illustrates a flowchart of an exenplary
method 200 useful for loading a reticle onto a reticle
stage of a reticle inspection system for inspection in
several novel aspects. By way of non-limiting sxample,
method 200 is described with reference to the reticle
inspection system 100 illustrated in FIG. 1 for
explanatory purposes. Although, the description of
reticle inspection system 100 includes references to
specific hardware elements employed to achisve the
aelaments of method 200, many other hardware elements
known to persons of ordinary skill in the art may be
contemplated to achieve an analogous result. Hence, any
of the referenced hardware elements presented herein may
be substituted, consolidated, modified, or sliminated
without excoeeding the scope of the description provided
herein. Similarly, some of the elements of method 200
and the order of presentation of the elaments of method
200 relate to the use of specific hardware eleaments
described with reference to reticle inspection system
100. However, as many cother hardware elements known to
persons of ordinary skill in the art may be contemplated
to achieve an analogous result, some of the method
elements and the corder of presentation of the method
elements may be substituted, consclidated, modified, or
eliminated without exceeding the scope of the description
provided herein.

[0036] In block 201, an EUV reticle pod 10 is received by
rod loading system 140 of reticle inspection system 100.
In some embodiments, EUV reticle pod 10 is manually
carried to pod loading system 140 and inserted into a

load port of the pod loading system 140. In some other

10
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embodiments, an automated transport system installed in a
semiconductor fabrication facility carries the BEUV
reticle pod 10 to pod loading system 140 and inserits the
pod into a leoad port of the pod loading system 140. A
manipulator (not shown) of pod loading system 140
recaeives the EUV reticle pod 10 at the load port and
brings the pod into the system 140 for further
processing.

{00371 In block 202, the pod loading system 140 extracts
the EBEUV Inner Pod (EIP) from the EUV reticle pod 18. One
or more manipulators of pod loading system 140 remove the
RSP cover 12 from the RSP base 13 and remove EIP 14 from
the R8P base 13. In some embodiments, the RSP cover 12
ard RSP base 13 are placed into sterage in pod loading
system 140, and EIP 14 is positioned for transfer to
reticle loading system 130.

{00381 In block 203, the EIP 14 is loaded onto a load
station of reticle loading system {(RLS) 130. In one
embodiment, a RLS manipulator {(not shown), moves the EIP
14 from pod loading system 140 to a loading station 136
illustrated in FIG. 3. Loading station 136 includes
structural elements 137 {e.g., tabs, kinematic mounting
points, ete.} that support EIP 14 within leocading station
136. The RLS manipulator moves EIP 14 over structural
elements 137 and lowers EIP onto structural element 137,
thus transferring the load from the manipulator to the
loading station 136.

{00391 In block 204, the EIP is opened in a clean
environment with flow control by separating the EIP cover
15 from the EIP base 16 that supports reticle 150. As
illustrated in FIG. 3, leoading station 136 includes a
manipulator 134 operable to rotate and translate its end
effector 135. The manipulator 134, as depicted, may be
commonly referred to as a piston turntable. Manipulator

134 translates upward to engage EIP base 16. EIP cover
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15 is disengaged from EIP base 16. Manipulator 134
translates downward, away from EIP cover 15, as
illustrated in FIG., 4. In this manner, EIP 14 is opened,
axposing the backside of reticle 150,

[00401 It is important to note that EIP 14 is opened in a
clean air envirvonment designed to control particles
generated by moving and opening BIP 14. Particles are
generated at every engagement and disengagement between
mechanical elements. The importance of contrelling these
particles grows when the reticle is not protected and
when the contact events occur close to the reticle. OFf
particular importance are contact evenits that occur over
the reticle where gravitational forces promote the
settling of particles down onte the reticle.

{00411 An important aspect of the methods and apparatus
described herein is that many particle generating events
related to manipulation of the EIP 14 take place in a
controlled atmosphere, rather than in vacuum, as is
common in existing reticle handling schemes. Although
BEIP 14 is designed to remain relatively clean during its
operational lifetime, a significant number of particles
tend to accumulate on the EIP 14. It is desirable to
keep these particles outside of the clean vacuum
environment where particle control is much more difficult
to achieve and the impact of contamination is more acute.
RLS 130 includes a controlled flow 138 of clean, dry air
to sweep away particles generated by the presence of EIP
14 and the manipulation of EIP 14. In this manner, the
numbher of particles that reach an exposed surface of
reticle 150 is minimized.

o042 After opening EIP 14, the backside of reticle 150
is exposed. In some enmbodiments, the backside of reticle
1530 is inspected for particles. The resulits of the
particle inspection may precliude the reticle from further

uge until appropriate cleaning steps have been taken.
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For example, if the size or mumber of backside particles
exceeds a threshold value, the reticle may be treated
with a controlled blast of clean, dry air in an attempt
to dislodge the particles. In some other examples, the
reticle may be relcaded intc EIP 14 and removed from the
reticle inspection system 100 entirely for furthexr
cleaning.

{0043] FIG. 5 iliustrates a simplified schematic of a
backside particle inspection system 1860 positioned to
inspect the backside of reticle 154. In some
embodiments, reticle 15%0 may be moved into an inspection
position of loading station 136 by manipulator 134 fox
inspection by system 160. In some other embodiments,
reticle 160 may be moved to another station for
inspection by system 160. System 160 is configured as a
scanning system. Thus, the inspection spot {or spots} of
system 160 are moved relative to the backside surface of
reticle 150, In the depicted embodiment, the reticle is
rotated by manipulator 134 while the incident beam is
translated across the rotating surface of reticle 150,
In this manner, the entire backside surface of reticle
150 is inspected. Many other embodiments useful teo
position the surface of reticle 150 for scanning
inspection may be contemplated.

[0044] As illustrated in FIG. 5, reticle 150 is
illuvminated by a normal incidence beam 163 generated by
one or more illumination sources 161. Alternatively, the
illumination subsystem may be configured to direct the
beam of light to the specimen at an obligque angle of
ingidence. In some embodiments, system 160 may be
configured to direct multiple beams of light to the
specimen such as an oblique incidence beam of light and a
normal incidence beam of light. The multiple beams of
light may be directed to the specimen substantially

simultanecusly or sequentially.
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{00451 Illumination source 101 may include, by way of
example, a laser, a diode laser, a helium neon laser, an
argon laser, a solid state laser, a diode pumped solid
state (DPSS) laser, a Xenon arc lamp, a gas discharging
lamp, and LED array, or an incandescent lamp. The light
source may be configured to emit near monochromatic light
or broadband light. In general, the illumination
subsystem is configured to direct light having a
relatively narrow wavelength band to the specimen.
Therefore, i1f the light source is a broadband light
source, the illumination subsystem may also include one
or more spegtral filters that may limit the wavelength of
the light directed to the specimen. The one or more
spectral filters may be bandpass filters and/or edge
filters and/or notch filters.

{06046] Normal incidence beam 163 is focused onto the
backside of reticle 150 by an objective lens 164. System
160 includes ceollection optics 162 to collect the iight
scattered and/or reflected by reticle 150 during the scan
and focus that light onto a detector array 165, The
cutput signals 166 generated by detector array 165 are
supplied to a computing system 167 for processing the
signals and determining the presence of particles on the
backsgide of reticle 150. Backside particle inspection
system 160 is presented herein by way of non-limiting
example, as many other suitable inspection systems may be
contemplated.

{00471 In block 205, a reticle carrier is located over
the reticle. As illustrated in FIG. 6, reticle carrier
153 is leocated over reticle 150. In the depicted
aembodiment, EIP cover 15 is moved from leoading station
136 into storage and reticle carrier 153 is moved from
storage in RLS 130 to loading station 136 by the RLS

manipulator,
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{00481 It is important to note that reticle carrier 153
ig stored within reticle inspection system 100 during
normal operation. Thus, reticle carrier 153 remains in a
clean, dry environment, or a cilean vacuum environment at
all times. In this manner, reticle carrier 153 remains
in a relatively clean {(fewer accumulated particles than
an EIP) and relatively dry {less accumulated moisture
than an EIP). The relatively clean reticle carrier 153
lowers the risk of particle contamination of the reticle
150 and the sensitive optical elements of the reticle
inspection system 100. The relatively dry reticle
carrier 153 reduces the amount of time it takes to pump
down to clean vacuum during the transition from the RLS
130 to the reticle inspection chamber 101.

{00491 In block 206, the reticle is clamped to the
reticle carrier. In the depicted embodiment, manipulator
134 moves EIP base 16 and reticle 150 toward reticle
carrier 153 resting on leoading station 136. As
illustrated in FIG. 7, reticle carrier 153 includes
reticle clamping elements 155 that are moveable relative
to reticle carrier 153 by actuators 154. Manipulator 134
moves retigle 150 within the grasp of clamping elements
155 and then actuators 154 move clamping elements 155
from a disengaged position to an engaged position that
effectively clamps reticle 150 to reticle carrier 153,
Manipulator 134 then moves EIP base 16 away from reticle
150. FIG. B illustrates a clamping element 155 in the
angaged position, effectively clamping reticle 150 to
features of carrier slement 153,

[0050] It is imporitant to note that the clamping of
reticle 180 to reticle carrier 153 is the only contact
event that directly involves reticle 150 during the
loading sequence described herein. As discussed
hereinbefore, this contact event takes place in a

controlled snvironment that includes a dry aix flow to

15



WO 2013/148607 PCT/US2013/033769

sweep particles generated by the clamping process away
from reticle 150.

{00311 At this point, the front side {patterned side} of
reticle 150 is exposed. In some ambodiments, images of
the front side of reticle 150 are captured to establish
reference locations and the orientation of reticle 150
with respect to reticle carrier 153. This information
may be used later in the process to correct small
misalignments. This information may also be used later
in the process to determine further manipulations
necessary to present reticle 150 to the reticle stage in
any of four orientations esach separated by ninety
degresas.

{00521 In block 207, a reticle carrier base is located
under the reticle and coupled to the reticle garrier to
form a carrier assembly that contains the reticle 150.

As illustrated in FIG. B, EIP base 16 is moved downward,
alear of reticle carrier 153, The RLS manipulator {end
effector 131 of RLS manipulator shown) retrieves reticle
carrier base 156 from storage, moves the reticle carrier
base 156 under reticle 150, and lifts the reticle carrier
base 156 upward into contact with the reticle carrier
153. The reticle carrier base 1586 is effectively coupled
to reticle carrier 153 to form a carrier assembly 157
that containg reticle 1508. It is important to note that
reticle 150 is clamped to reticle carrier 153, not
reticle carrier base 156. In other words, as illustrated
in PI&. 8, features of reticle carrier 153 fixedly couple
reticle 150 to reticle carrier 153 by the clamping action
of clamping elements 158, Moreover, the area of contact
between reticle carrier 153 and reticle 150 is much less
than an electrostatic chuck. The reduced contact area
generates fewer particles during the clamping process and

also reduces the risk of entrapment of large particles
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between the contacting surfaces of the reticle 150 and
the reticle carrvier 153 that could cause misalignment,
{0053] In another further aspect, reticle carrier base
156 includes features that enable the carrier assembly
187 to engage with the end effector 131 of the RLS
manipulator in any of four orientations each separated by
ninety degrees. As illustrated in FIG. 12, slot features
such as the slot feature 158 are arranged to create a
kinematic mount between reticle carrier base 156 and end
affector 131. More specifically, three spherically
shaped mounting elements {see spherically shaped mounting
element 132 illustrated in FIG. 9} are arranged in a
triangular pattern on the top surface of end effector
131. W#When end effector 131 is engaged with reticle
carrier base plate, each spherically shaped mounting
element makes a two point contact with a3 corresponding
slot feature to form a kinematic coupling. A resulting
kinematic coupling constrains the six degreas of freedom
of the reticle carrier base plate 156 with respect to the
end effector 131 without overconstraint. The slot
features of reticle carrier base plate 156 are arranged
such that the end effector 131 is able to make a
kinematic coupling with carrier base plate 1586 in any of
four different orientations, esach separated by ninety
degrees.

{00541 In another further aspect, reticle carrier 153 is
rotationally symmetric in ninety degree increments and
can be oriented on a frame {e.g., loading station 136 ox
reticle stage 102) in any of four different orientations
separated by ninety degrees. In the embodiment depicted
in PIG. 18, reticle carrier 153 includes spherical
features 158 mounted to each corner in a square pattern.
In this manner, a frame supporting reticle carrier 153

can support reticle carrier 153 in any of four different
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orientations separated by ninety degrees with only one
sat of support features.

{0055] In some embodiments, the carrier assembly 157 may
be reoriented in one of the four different orientations
separated by ninety degrees. In one example, manipulator
134 engages with carrier assembly 157, lifts the assembly
157 from loading station 136, rotates carriery assembly
157 to the desired orientation, and sets the carrierx
assembly 157 back down onte loading station 136. In some
other embodiments,; carrier assembly 157 may be moved to
another station for reorientation.

{005€] In block 208, the carrier assembly is moved into a
load lock and the load lock is pumped down. In the
depicted embodiment, RLS manipulater lifits carriex
assembly 157 from loading station 136 and moves the
carrier assembly 157 to a support frame inside load lock
120. The load ports of leoad lock 120 are sealed, and
load lock 120 is pumped down. As discussed hersinbefore,
the time it takes to pump down load lock 120 is reduced
because the elements of the carrier assembly 157 are
stored in the controlled environment of reticle
inspection system 100.

{00571 In another further aspect, carrier assembly 157
includes the particle management features of an EIP to
maintain reticle protection during transport, pump down,
and venting operations.

{00581 In block 209, the carrier assembly is moved into a
transfer chamber and the transfer chamber is pumped down.
In the depicted embodiment a transfer chamber manipulator
{nnot shown) moves carrier assembly 157 from load lock 120
to transfer chamber 110. During the time carrier
assembly 157 gpends inside transfer chamber 118,
additional pumping takes place {e.g., mclecular pumping)
to remove additional contaminants and achieve suitable

clean vacuum conditions.
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{00581 In some examples, the carrier assembly is stored
in a transfer chamber storage pod {(not shown) until ready
for use. In a further exampie, a transfer chamber
storage pod includes a rotation stage to rotate the
carrier assembly 157 in any of four orientations
separated by ninety degrees. In this manner, the
orientation of reticle 150 may be changed in the clean
vacuum environment of transfer chamber 120 without having
to move the carrier assembly back out of vacuum to the
reticle loading system 130. This may be advantageous
when successive measurements of reticle 150 are performed
in different orientations.

{00601 In block 210, the reticle carrier asgsembly is
loaded onto the reticle stage. In the depicted
embodiment, the transfer chamber manipulator moves the
reticle carrier assembly 157 from the transfer chamberx
into the reticle inspection chamber 101. As depicted in
FIG. 11, end effector 111 of the transfer chamber
manhipulator loads the reticle carrier assembly 157 onte
reticle stage frame 102 with a series of four movements.
In a first movement, the transfer chamber manipulator
moves the reticle garrier assembly 157 in a horizontal
direction, underneath reticle stage 102. In a second
movement, the manipulator moves the assembly 157 in a
vertical direction, through an opaning in the reticle
stage 102. In a third movement, the manipulator moves
the assembly in a horizontal direction, aligning the
mounting features of the reticle carrier 153 over
corresponding mounting features of reticle stage 102, In
a fourth movement, the manipulator lowers the reticle
carrier assembly 157 onto reticle stage 10Z. In some
other ambodiments any of the horizontal movements of the
manipulator may be partially or completely replaced by

corresponding horizontal movements of reticle stage 102,
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[0061] In another further aspect, reticle carrier 153 is
coupled to reticle stage 102 by a kinematic mount. In
other words, the six degrees of relative motion between
reticle carrier 153 and reticle stage 102 are determined
by their respective mounting features without
overconstraint. In the illustrated embodiment, gravity
maintains contact between reticle carrier 153 and reticle
stage 102 in the absence of support by the transfer
chamber manipulator. In some other embodiments an
additional locking {e.¢., clamping) mechanism is included
to ensure contact is maintained during operation. In the
embodiment depicted in FIG. 11, six flat features (e.g.,
flat feature 103} are arranged at four locations that
correspond to the spherical features 158 mounted to each
corner of reticle carrier 153, The £lat features arve
arranged such that thevy each contact a corresponding
spherical feature of reticle carrier 153 to create a
kinematic mount for any of the four different
orientations separated by ninety degress. The depicted
kinematic mount is provided by way of example, as many
other kinematic mounting arrangements may be contemplated
to fixedly couple reticle carrier 153 to reticle stage
102.

{00621 In block 211, the reticle carrier base is moved
away from the carrier, leaving the patterned surface of
the reticle exposed for inspection by reticle inspection
system 100. As depicted in FIG. 12, end effector 11 of
the transfer chamber manipulator is lowered to decouple
reticle carrier base 156 from reticle carrier 153. As a
result, the patterned surface of reticle 150 is exposed
{facing downward}) and is ready for inspaction. The
exposed, patterned surface of reticle 150 does not have
any protective element {i.e., pellicle-like feature)

between the patterned surface and the optical elements of
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the reticle inspection system 100. In this manner,
optical losses and image distortions are minimized.
{0063] In some embodiments, reticle stage 102 moves from
a loading position, where the reticle carvier 153 is
loaded, to a process area where inspection itakes place.
The loading position is configured such that the
sensitive optical slements of the reticle inspection
system 100 are protected from particies that may be
generated during loading and unloading of the reticle
carrier 153.

{0064] Reticle carrier 153 is configured with spherical
features 158 at the furthest corners of reticle carrier
153 to put the greatest amount of distance possible
between the reticle 150 and the particle generating
contact events associated with the loading and unloading
of the reticle carrier (in addition to allowing the 90
degree rotation capability). In addition, reticle 130 is
mounted to reticle carrier 153 in such a way that there
ig no direct path between the spherical features 158 and
the backside of reticle 150, In this manner, particle
aceumulation on the backside of reticle 150 is minimirzed.
{0065] FiIG. 14 illustrates a flowchart of an exemplary
maethod 300 useful for unloading a reticle from a reticle
stage of a reticle inspection system in several novel
agpects. By way of non~limiting example, method 300 is
described with reference to the reticle inspection systam
160 illustrated in FIG. 1 for explanatory purposes.
Although, the description ¢f reticle inspection system
100 includes references to specific hardware elements
employed to achieve the elements of method 300, many
other hardware elements known to persons of ordinary
skill in the art may be contemplated to achieve an
analogous result. Hence, any of the referenced hardware
elements presented herein may be substituted,

consalidated, modified, or eliminated without exceeding
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the scope of the description provided herein. Similarly,
some of the elements of method 300 and the ordexr of
presentation of the elements of method 300 relate to the
use of specific hardware elements described with
refersence to reticle inspection system 100, However, as
many other hardware elements known to persons of ordinary
skill in the art may be contemplated to achieve an
analogous result, some of the method elements and the
order of presentation of the method elements may be
substituted, consvlidated, modified, or eliminated
without exceeding the scope of the description provided
herein.

{0066] In block 301, a reticle carriesr base is coupled to
a reticle carrier mounted to the reticle stage. The
reticle carriear bhase covers the exposed, patterned
surface of the reticle. In the depicted embodiment, end
effector 11 {(illustrated in FIG. 12} of the transfer
chamber manipulator retrieves the reticle carrier base
156, passes under reticle carrier 153 and iifts upward to
couple reticle carrier base 156 to reticie carrier 153,
As a result, the patterned surface of reticle 150 is
covered and is ready for removal from the reticle stage
102.

{00671 In block 302, the reticle carrier assembly is
removed from the reticle stage. In the depicted
embodiment, the transfer chamber manipulator removes the
reticle carrier assembly 157 from the reticle stage 102
by reversing the order of the series of four movements
described with reference to method 200.

[{0068] In block 303, the carrier assembly is moved into
the transfer chamber. In the depicted embodiment, the
transfer chamber manipulator moves the reticle carrier
assembly 157 into the transfer chamber 110 after removing

the reticle carrier assembly 157 from reticle stage 102,
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{00681 In block 304, the carrier assembly is moved into a
load lock and the load lock and carrier assembly are
vented., In one smbodiment, the transfer chambery
manipulator moves the carrier assembly 157 from the
transfer chamber 110 to the load locgk 120, In some
exanples, the carrier assembly 157 is moved directly from
the reticle inspection chamber 101 to load lock 128, In
some other examples, the carrier assembly 157 is moved to
a transfer chamber storage pod and then later moved from
the storage pod to load lock 120,

{00701 In block 305, the carrier assembly is moved to an
unloading station of a reticle leading system. In the
depicted embodiment, the loading station 136 also serves
ag an unloading station. The carrier assembly 157 is
removed from the load lock by the RLS manipulator and
prlaced on station 136. Although in some embodiments the
loading station and the unlioad station are the same
station, in some other embodiments, separate loading and
unloading stations may be smployed.

{00711 In block 306, the reticle carrier base is removed
from the carrier assgembly. In the depicted embodiment,
the RLS manipulator lowers the reticle carrier base 156
away from reticle carrier 153. In some embodiments, the
reticle carrier base 156 is moved into storage in the
controlled environment of RLS 130, In this manneyr, the
reticle carrier base 156 is stored for further use in a
clean, dry environment.

{00721 In block 307, an EIP base is moved under the
reticle and placed in contact with the reticle., In the
depicted embodiment, EIP base 16 is retrieved from
storage by the RLS manipulator and located beneath
reticle 150. The RLS manipulator moves the EIP base 16
upward to make contact with reticle 150.

{00731 In block 308, the reticle is unclamped and

separated from the reticle carrier. In the depicted
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embodiment, the reticle clamping elements 155 of reticle
carrier 153 are retracted by actustors 154. The RLS
manipulator then lowers the EIP base 16 with the reticie
150 attached.

{00747 In block 308, the reticle carrier is stored in the
reticle inspection system for later use. In one
embodiment, the BLSE manipulator moves the reticle carrier
153 into storage in the controiled environment of RLS
130. In this manner, the reticle carrier 153 is stored
for further use in a clean, dry environment.

{0075] In block 310, an EIP cover is moved over the
reticle and the EIP cover is coupled to the EIP base. In
one embodiment, the RLS manipulator retrieves EIP cover
15 from storage and locates the EIP cover on station 136,
The EXP base 14 with reticle 150 is then lifted into
contact with EIP covexr 15. The EIP cover 15 is then
placed on EIP base 16,

{00761 In block 311, the EIP is moved into an EUV reticle
pod {e.g., RSP}. In the depicted embodiment, one or more
manipulators of pod loading system 140 locate the RSP
cover 12 above EIP 14 and the RSP base 13 below the EIP
14, The RSP cover 12 and RSP bass 13 are coupled
together to fixedly position EIP 14 within EUV reticle
rod 10. In some embodiments, the RSP cover 12 and RSP
base 13 are retrieved from storage in the pod loading
asystem 140.

{0077} In block 312, the EUV reticle pod is moved to a
location for removal from the reticle inspection system.
In the depicted embodiment, EUV reticle pod 10 is moved
to an unload position by pod leoading system 140. From
this position, EUV reticie pod 10 may be removed from the
reticle inspection system 108. In some embodiments, EUV
reticle pod 10 is manually carried away from pod loading
system 140. In some other embodiments, an automated

transport system installed in a semiconductor fabrication
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facility carries the EUV reticle pod 10 away from the pod
loading system 140.

{0078] In the aforementioned description, the EIP is
replaced by a carrier assembly before entry into the
clean vacuum environment of reticle inspection system
100. However, in some other embodiments, the EIF is
angmented before entry into the clean vacuum environment.
In one example, the EIP 14 is opened and a reticie
carrier is inserted between the EIP cover 15 and EIP base
16. The reticle carrier includes features to clamp
reticle 150 to the reticle carrier and includes features
that allow the carrier to be mounted on reticle stage 102
in any of four orientations separated by ninety degrees.
In this sense, the reticle carrier is reticle varrier 153
configured to fit between EIP cover 15 and EIP base 16.
In these embodiments, the augmented EIP includes a stack
of elements that includes the EIP cover 15, the reticle
carrier olamped to reticle 150, and EIP base 16. This
awgmented EIP is then moved through the load lock 120 and
opened ingide transfer chamber 130.

{00791 In some embodiments, the augmented EIP also
ingludes an EIP base adapter plate located below the EIP
base 16. Ag digcussged hereinbefore, reticle carrier base
plate 156 includes features that allowed the carrier
agsembly to be coupled to the end effector 131 of the RLS
manipulator in any of four different orientations
separated by ninety degress. These features are included
to allow the reticle 150 to be reoriented while inside
carrier agssembly 153. A standard BIP bhase 16 does not
include these features. Thus, the standard BIP bhase can
only be ocoupled to end effector 131 in one orientation.
To address this lack of flexibility EIP base adapter
plate is included between end effector 131 and EIP base
16. The bottom side of EIP base adapter plate includes

features that allow it to be addressed by end effectox
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131 in any of four different orientations separated by
ninety degrees. In one example, these features are the
same features described with reference to reticle carrier
base 156. The top side of the EIP base adapter plate
includes features that mate with the existing features on
the bottom of EIP base 16. In this manner, the augmented
EBIP stack can be addressed in any of four different
orientations separated by ninety degrees.

[00B80] The aforementioned embodiments of a EUV reticle
inspection system are presented by way of non~ilimiting
example. Other configurations may also be contemplated
within the scope of this disclosure.

{00811 as illustrated in FIG. 1, the reticle inspection
system 100 is configured as an inspection system. In
particular, the system is configured as an BUV reticle
inspection system. In this manner, the system may be
configured to inspect a reticle to be used as part of an
EUV lithography process. However, the methods and
systems descoribed herein are not limited to the
inspection of EUV reticles and may be applied to the
inspection of other specimens, such as semiconductor
wafers.

o082 The reticle handling methods and apparstus
described herein may be applied to a reticle inspection
system that includes any reticle inspection technology
suitable to perform the actual inspection operations.
Exemplary technologies include optical inspection by EUV,
VUV, and DUV radiation. ©Other exemplary technologies
include electron-based inspection technologies. Examples
of electron based inspection systems are illustrated in
U.8. Pat. No. 6,535,830 to Mankos et al., U.8. Pat. No.
6,759,654 to Mankos et al., and U.8. Pat. No. 6,878,837
to Mankos, which are incorporated by reference as if

fully set forth herein.
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[0083] Various embodiments are described herein for a
semiconductor processing system {(e.g., an inspection
system} that may be used for processing a specimen. The
term "specimen" is used herein to refer to a wafer, a
reticle, or any other sample that may be processed {(e.qg..
printed or inspected for defects) by means known in the
art.

{00B4] As used herein, the term "wafer" generally refers
to substrates formed of a semiconductor or non-
semiconductor material. Examples include,; but are not
limited to, monocrystalline silicon, gallium arsenide,
and indium phosphide. Such substrates may be commonly
found and/or processed in semiconductor fabrication
facilities. In some cases, a wafer may include only the
substrate (i.e., bare wafer). Alternatively, a wafer may
include one or more lavers of different materials formed
upon a substrate. One or more layers formed on a wafer
may be "patterned® or "unpatterned." For example, a
wafer may include a plurality of dies having repeatable
prattern features.

{00851 A Yreticle! may be a reticle at any stage of a
reticle fabrication process, or a completed reticle that
may or may not be released for use in a semiconductor
fabrication facility. A reticle, or a “mask," is
generally defined as a substantially transparent
subsgtrate having substantially copague regions formed
thereon and configured in a pattern. The substrate may
include, for example, a glass material such as quartz. A
reticle may be disposed above a resist-covered wafer
during an exposure step of a lithography process such
that the pattern on the reticle may be transferred to the
resist.

{0086l One or more lavers formed on a wafer may be
patterned or unpatterned. For example, a wafer may

include a plurality of dies, each having repeatable
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pattern features. Formation and processing of such
layers of material may ulitimately result in completed
devices. Many different types of devices may be formed
on a wafer, and the term wafer as used herein is intended
to encompass a wafer on which any type of device known in
the art is being fabricated.

TOOB71 In ong oy more saxamplayy ambodiments, the
functiong desoribed may be implamented in hardware,
software, filrmware, or any cesbinaticn thersof. IE
inmplensnted in software, the functions may be stored on
or transmitted over as one or mnore instructions oy code
on a computer-readables medinm. Computar-readable media
includes both compubter storage media and gommnigation
mexlia including any mediwe that facilitates transfer of &
computer prograos from one place to another, & storage
media may be any available media thabt can be accsszed by
a2 gensral purpsse or special purposs computer. By way of
axanple, and not limitation, such cospultar~raadable media
can owmprise RAM, ROM, BEPRGM, CD-ROM or othexr optigal
disk storage, magnetice disk atorage or other magnatic
storage devices, or any other madime that can b usad to
CAYTY oY store desired program oode msansg in the form of
instructions or data styruchurss and that can be accessed
by a gensral-purposs or speoial-purpose computer, o a
general-purpese or special-purpose progessor. Also, any
connotion is properly termsd & computsr-readablas

mediwn. For example, if the sofiwvare is transmitted frowm
a website, servery, or other remole sourcs using & coaxial
gable, fidber optic cable, twisted pair, digital
subsoriber line {DBL}, or wireless technelogiass such as
infrared, radic, and microwave, then the ccaxial cabde,
fiber optic cable, twisted paliy, V8L, or wireless
tavhnologies such ag infrared, radio, and smiorowave are
included in the definition ¢of madium. Disk and disc, as

uead herein, incluvdess compact disc (OG0}, lssex disg,
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sptical dise, digital versatile disc (BVD), floppy disk
and blu-ray disc vhers disks usually reproduce data
magnetically, while dizcs reproduce data optically with
laserg. Combimaticons of the above should alse be included
within the scope of computer-veadablse sedia,

[0088] Although certain specific embodiments are
daescribed above for instructional purposes, the teachings
of this patent document have general applicability and
are not limited to the specific embodiments described
above. Accordingly. various modifications, adaptations,
and combhinations of wvariocus features of the described
embodiments can be practiced without departing from the

seope of the invention as set forth in the claims.
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CLAIMS

What is claimed is:

1. A method of handling a reticle in a reticle
inspection system comprising:

cpening an EUV Inner Pod (EIP} in a clean, dry air
environment with flow control by separating an BIP base
from an EIP cover of the EIP;

locating a reticle carrier over the reticle, wherein
the reticle carrier is stored in the reticle inspection
system;

clamping the reticle to the reticle carrier;

pumping down a chamber that includes the reticle
carrier and the reticle; and

locating the reticle carrier onte a reticle stage
leaving a patterned surface of the reticle axposed for

inspection.

2. The method of Claim 1, wherein the reticle
carrier is attached to the reticlie stage by a kinematic
mount in any of four different orientations separated by

ninety degrees.

3. The method of Claim 1, further comprising:

logating a reticle carrier base under the reticle,
the reticle carrier base including features to transport
the reticle in any of four different orientations
separated by ninety degrees, wherin the reticle carxier

base is stored in the reticle inspection system.
4. The method of Claim 1, further comprising:

measuring an orientation of the reticle with respect

to the reticle carrieyr; and
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reorienting the reticle with respect to the reticle
carrier based at least in part on the measured

orientation,.

5, The method of Claim 1, further comprising:

locating the EIP base under the reticle;

coupling the EIP basze to the reticle carrier in
atmsosphere, wherein the EIP base does not contact a face
of the reticle; and

decoupling the EIP base from the reticle carrier in

VaCcuiuum.

6. The method of Claim 5, further comprising:

locating an EIP base adapter plate under the EIF
hase, wherein the EIP base adapter plate includes a
plurality of features that enable the reticle to be
transported in any of four different orientations

separated by 90 degrees.

7. 7The method of Claim 3, further comwprising:

coupling the reticle carrier base to the reticle
carrier in atmosphere, wherein the reticle face does not
touch the reticle carrier base; and

decoupling the carrier base from the carrier in

vaguug .

8. The method of Claim 1, further comprising:

clamping the reticle carrier to the reticle stage.

9. The method of Claim 1, further comprising:
performing a particle inspaction of a backsaide of
the reticle after separating the EIP base from the EIP

COvelr.

10, & reticle insgpscltion system comprising:
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a reticle carrier stored in a clean, dry enviromment
in the reticle inspection system, the reticle carrier
configured to clamp to a reticle cutside of a clean
vacuum environment of the reticle inspection system and
kinematically couple to a reticle stage of the reticle
inspection system in a clean vacuum environment, leaving
a patterned surface of the reticle directly exposed for

inspection.

11. The reticle inspection system of Claim 10,
wherein the reticle carrier includes a set of features
configured to kinematically couple to the reticle stage
in any of four different orientations separated by ninety

degrees.

12. The reticle inspection system of Claim 10,
further comprising:

a reticle carrier base stored in the reticle
inspection system, wherein the reticle carrier base is
configured to couple to the reticle carrier beneath and
spaced apart from the reticle clamped to the reticle

carrier.

13. The reticle inspection system of Claim 12,
wherein the reticle carrier base includes a set of
features to transport the reticle in any of four

different orientations separated by ninety degrees.

14. The reticle inspection system of Claim 10,
further comprising:

a particle inspection system configured to inspect a
backside of the reticle for backside particle

contamination.
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15. The reticle inspection system of Claim 10,
further comprising:

a transfer chamber including a transfer chamber
storage pod configured to reorient a reticle carrier in
any of four different orientations separated by ninety

degrees.

16, A method of handling a reticle in a reticle
inspection system comprising:

coupling a reticle carrier base to a reticle carrier
that is kinematically mounted to a reticle stage in a
clean vacuum environment of the reticle inspection
asystem, wherin the reticle carrier base covers and is
spaced apart from a patterned surface of the reticle that
is clamped to the reticle carrier:

moving the reticle carrier and the reticle carrier
base from the clean vacuum environment to a clean, dry
air environment of the reticle inspection system;

decoupling the reticle carrier base from the reticle
carrier in the clean, dry air environment,; and

mnelamping the reticle from the reticle carrier in

the c¢lean, dry air environment.

17. The method of handling a reticle in a reticle
inspection system of Claim 16&, wherein the reticle
carrier and the reticle carrier base are stored in the
clean, dry air environment of the reticle inspection

system.

18. The method of handling a reticle in a reticle
inspection system of Claim 16, further comprising:

locating an EUV Inner Pod (EIP) base under the
reticle; and

coupling the EIP base to the reticle.
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19. The method of handling a reticle in a reticle
inspection system of Claim 18, further comprising:

locating an EIP cover over the reticle and EIP base;
and

coupling the EIP base to the EIP cover.

20. The method of handling a reticle in a reticle
inspection system of Claim 16, wherein the reticie
carrier includes a set of features configured to
kinematically couple to the retlicle stage in any of foux

different orientations separated by ninety degrees.
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RECEIVE EUV RETICLE POD

+

EXTRACT EUV INNER POD (EIP) FROM EUV RETICLE POD

~ 202

v

-~ 203

¥

OPEN EIP IN A CLEAN ENVIRONMENT WITH FLOW CONTROL
BY SEPARATING AN EIP COVER FROM AN EIP BASE
SUPPORTING THE RETICLE

¥

LOCATE A RETICLE CARRIER OVER THE RETICLE, WHEREIN
THE RETICLE CARRIER IS STORED IN THE RETICLE
INSPECTION SYSTEM

v

CLAMP THE RETICLE TO THE RETICLE CARRIER

¥

LOCATE A RETICLE CARRIER BASE UNDER THE RETICLE AND
COUPLE THE RETICLE CARRIER BASE TO THE RETICLE
CARRIER TO FORM A CARRIER ASSEMBLY

¥

MOVE THE CARRIER ASSEMBLY INTO A LOAD LOCK AND
PUMP DOWN THE LOAD LOCK

¥

MOVE THE CARRIER ASSEMBLY INTO A TRANSFER CHAMBER
AND PUMP DOWN TRANSFER CHAMBER

-~ 208

¥

LOAD THE RETICLE CARRIER ASSEMBLY ONTO A RETICLE
STAGE, WHEREIN CONTACT BETWEEN THE RETICLE STAGE
AND THE CARRIER ASSEMBLY 1S MADE BY A KINEMATIC
MOUNT

v

MOVE THE RETICLE CARRIER BASE FROM THE CARRIER

RETICLE

FIG. 13
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COQUPLE A RETICLE CARRIER BASE TO A RETICLE CARRIER
MOUNTED TO A RETICLE STAGE OF THE RETICLE INSPECTION
SYSTEM, WHEREIN THE RETICLE CARRIER BASE COVERS A
PATTERNED SURFACE OF THE RETICLE

e 30

¥

UNLQAD THE RETICLE CARRIER ASSEMBLY FROM THE
RETICLE STAGE

. 302

)

MOVE THE CARRIER ASSEMBLY INTO A TRANSFER CHAMBER

-~ 303

Y

MOVE THE CARRIER ASSEMBLY INTO A LOAD LOCK AND VENT
THE LOAD LOCK AND THE CARRIER ASSEMBLY

¥

MOVE CARRIER ASSEMBLY TO AN UNLOADING STATION OF A
RETICLE LOADING SYSTEM

305

v

REMOVE THE RETICLE CARRIER BASE FROM THE CARRIER
ASSEMBLY

s 306

X
L OCATE AN EUV INNER POD (EiP) BASE UNDER THE RETICLE
AND PLACE THE EIP BASE IN CONTACT WITH THE RETICLE

v

UNCLAMP THE RETICLE FROM THE RETICLE CARRIER AND
SEPARATE THE RETICLE CARRIER FROM THE RETICLE

¥

STORE THE RETICLE CARRIER IN THE RETICLE INSPECTION
SYSTEM

.- 308

v

LOCATE A EIP COVER OVER THE RETICLE AND COUPLE THE
EIP COVER TO THE EIP BASE

’\»310

v

LOAD EUV INNER POD (EIP) INTO EUV RETICLE POD

v

LOCATE EUV RETICLE POD TO A REMOVAL LOCATION

311
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2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).
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This International Searching Authority found multiple inventions in this international application, as follows:

See extra sheet
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claims.

2. As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of

additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers

only those claims for which fees were paid, specifically claims Nos.:
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Continuation of Box 111

According to claims 1, 10, 16, there is no technical relationship expressed by either one, or more of the
same or corresponding special technical features among a group of inventions; as a result, in accordance
with Rule 13 PCT the inventions cannot be seen to be interconnected so much as to form a single general
inventive concept. _
According to claims 1, 10, a feature that characterizes the fact that the reticle carrier is stored in the
reticle inspection system can be seen as the unifying common special technical feature of the inventions.
According to claim 16, the presence of the reticle carrier base coupled to the reticle carrier and
kinematically connected with the reticle stage of the reticle inspection system in the clean vacuum
environment where the reticle carrier base covers but does not touch the working surface; moving the
reticle carrier and the reticle base from the clean vacuum environment to the clean dry air environment of
the reticle inspection system; decoupling the reticle carrier base from the reticle carrier in the clean dry air
environment can be considered as the unifying special technical features of the inventions.

Wherein, the unifying special technical features of claim 16 are not consistent with those, that of claims
1, 10.
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