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CHARGED PARTICLE LITHOGRAPHY APPARATUS AND METHOD OF
GENERATING VACUUM IN A VACUUM CHAMBER

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001]  The present invention relates to a charged particle lithography apparatus. The
invention further relates to a method of generating a vacuum in a vacuum chamber , and for
application in, for example, a charged particle multi-beamlet lithography or inspection system.
The invention further relates to an arrangement of such a lithography apparatus and a frame
for supporting a vacuum chamber. The invention further relates to an arrangement of such a

lithography apparatus and a pumping system.

2. Description of the Related Art

[0002]  Charged particle and optical lithography machines and inspection machines are
typically operated in a vacuum environment. This requires a vacuum chamber large enough to
house the lithography machine or group of machines. The vacuum chamber must be
sufficiently strong and airtight to support the required vacuum, while having openings for
electrical, optical and power cabling to enter the chamber, for the wafer or target to be loaded
into the chamber, and to permit access to machine for maintenance and operational needs.
Where charged particle machines are involved, the vacuum chamber must also provide
shielding to prevent external electromagnetic fields from interfering with the operation of the

machine.

[0003]  Prior vacuum chamber designs have suffered from various drawbacks such as
excessive weight relative to throughput of the lithography machine, excessive use of floor

space, absence of a door, and poor electromagnetic shielding around the openings.

BRIEF SUMMARY OF THE INVENTION

[0004]  The present invention aims to provide an improved vacuum chamber addressing the
shortcomings of prior designs. According to one aspect of the invention, a charged particle
lithography apparatus includes a charged particle source for creating one or more charged
particle beams, a charged particle projector for projecting the beams onto a wafer, and a

moveable wafer stage for carrying the wafer. The charged particle source, charged particle
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projector, and moveable wafer stage are disposed in a common vacuum chamber forming a
vacuum environment, and the vacuum chamber has an opening for loading wafers into the

chamber and a door.

[0005]  According to a further aspect of the invention, in the apparatus, one or more
subsystems of the apparatus are constructed in self-contained and removable modules. The

removable modules comprise one or more of:

- an illumination optics module including a charged particle beam source and beam

collimating system;

- an aperture array and condenser lens module including an aperture array and condenser

lens array;
- a beam switching module including a beamlet blanker array; and

- a projection optics module including a beam stop array, beam deflector array, and one

or more projection lens arrays.

[0006]  According to another aspect of the invention, an arrangement comprises a charged
particle lithography apparatus according as mentioned above and a frame for supporting the
vacuum chamber of the charged particle lithography apparatus. The vacuum chamber and the

frame are coupled to each other via a vibration damping element.
BRIEF DESCRIPTION OF THE DRAWINGS

[0007]  Various aspects of the invention will be further explained with reference to

embodiments shown in the drawings wherein:

[0008]  FIG. 1 is a simplified schematic drawing of an embodiment of a charged particle

lithography system;

(00091  FIG. 2 is a cross section view showing an embodiment of a charged particle source

environment in a vacuum chamber;
[0o10]  FIG. 3 is a simplified block diagram of a modular lithography system;

[0011]  FIG. 4 is an example of an arrangement of lithography machines and wafer loading

System;
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[0012]  FIG. 5A is a perspective view of a vacuum chamber for a charged particle
lithography system;
[0013]  FIG. 5B is a side view of the vacuum chamber of FIG. 5A;
[0014]  FIG. 5C is a front view of the vacuum chamber of FIG. 5A;
(00151  FIG. 5D is a cross section view of a portion of the vacuum chamber of FIG. 5A;
[0016]  FIG. 6 is a detail view of a wall joint of a vacuum chamber;

[0017]  FIG. 7A is a perspective drawing of a section of a vacuum chamber wall having mu

metal layers;

[0018]  FIG. 7B is a perspective drawing of a section of a vacuum chamber wall having a

composite structure with a honeycomb layer;

(00191  FIG. 8A is a cross section view through a bottom wall of a vacuum chamber showing

the interface with a frame supporting member;

[0020]  FIG. 8B is a cross section view showing an alternative interface with a frame

supporting member;

(00211  FIG. 8C is a cross section view showing another alternative interface with a frame

supporting member;

[0022]  FIG. 9A is a cross section view through the wall of a vacuum chamber showing a

port lid and mu shield cap;

(00231  FIG. 9B is a cross section view showing an alternative arrangement for a port lid and

mu shield cap;

[0024]  FIG. 9C is a cross section view showing a second alternative arrangement for a port

lid and mu shield cap;

[0025]  FIG. 10A is a perspective view of an alternative arrangement of ports and vacuum

pump openings in a vacuum chamber;

[0026]  FIG. 10B is a top view of another alternative arrangement of ports and vacuum

pump openings in a vacuum chamber;

[00271  FIG. 11 is a schematic diagram of vacuum chambers sharing turbo vacuum pumps;
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[0028]  FIG. 12A is a rear perspective view of an alternative embodiment of a vacuum

chamber;
[0029]  FIG. 12B is a front perspective view of the vacuum chamber of FIG. 12A; and

[0030]  FIG. 12C is a detail view of the vacuum chamber of FIG. 12A.

DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS
[0031]  The following is a description of various embodiments of the invention, given by way

of example only and with reference to the drawings.

[0032]  FIG. 1 shows a simplified schematic drawing of an embodiment of a charged particle
lithography system 100. Such lithography systems are described for example in U.S. Patent
Nos. 6,897,458 and 6,958,804 and 7,019,908 and 7,084,414 and 7,129,502, U.S. patent
application publication no. 2007/0064213, and co-pending U.S. patent applications Serial Nos.
61/031,573 and 61/031,594 and 61/045,243 and 61/055,839 and 61/058,596 and 61/101,682,
which are all assigned to the owner of the present invention and are all hereby incorporated by
reference in their entirety. In the embodiment shown in FIG. 1, the lithography system
comprises an electron source 101 for producing an expanding electron beam 120. The
expanding electron beam 20 is collimated by collimator lens system 102. The collimated
electron beam 121 impinges on an aperture array 103, which blocks part of the beam to create
a plurality of beamlets 122. The system generates a large number of beamlets 122, preferably
about 10,000 to 1,000,000 beamlets.

[0033]  The electron beamlets 122 pass through a condenser lens array 104 which focuses
the electron beamlets 122 in the plane of a beam blanker array 105, comprising a plurality of
blankers for deflecting one or more of the electron beamlets. The deflected and undeflected
electron beamlets 123 arrive at beam stop array 108, which has a plurality of apertures. The
beamlet blanker array 105 and beam stop array 108 operate together to block or let pass the
beamlets 123. If beamlet blanker array 105 deflects a beamlet, it will not pass through the
corresponding aperture in beam stop array 108, but instead will be blocked. But if beamlet
blanker array 105 does not deflect a beamlet, then it will pass through the corresponding
aperture in beam stop array 108, and through beam deflector array 109 and projection lens

arrays 110.
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[0034]  Beam deflector array 109 provides for deflection of each beamlet 124 in the X and/or
Y direction, substantially perpendicular to the direction of the undeflected beamlets, to scan
the beamlets across the surface of target 130. Next, the beamlets 124 pass through projection
lens arrays 110 and are projected onto target 130. The projection lens arrangement preferably
provides a demagnification of about 100 to 500 times. The beamlets 124 impinge on the
surface of target 130 positioned on moveable stage 132 for carrying the target. For
lithography applications, the target usually comprises a wafer provided with a charged-particle

sensitive layer or resist layer.

[0035]  The charged particle lithography system operates in a vacuum environment. A
vacuum is desired to remove particles which may be ionized by the charged particle beams and
become attracted to the source, may dissociate and be deposited onto the machine
components, and may disperse the charged particle beams. A vacuum of at least 10 Bar is
typically required. In order to maintain the vacuum environment, the charged particle
lithography system is located in a vacuum chamber 140. All of the major elements of the
lithography system are preferably housed in a common vacuum chamber, including the
charged particle source, projector system for projecting the beamlets onto the wafer, and the

moveable wafer stage.

[0036]  In an embodiment the charged particle source environment is differentially pumped
to a considerably higher vacuum of up to 10™'° mbar. FIG. 2 is a cross section view showing an
embodiment of a charged particle source environment in a vacuum chamber. In this
embodiment, a considerably higher vacuum of up to 10" mbar may be obtained by differential

pumping.

[0037]  The differential pumping can be obtained by the inclusion in the vacuum chamber of
a local source chamber 150 for the source 152. Although only a single source 152 is shown in
FIG. 2, it must be understood that the source chamber 150 may comprise more sources. The

high vacuum within the source chamber 150 may promote the life time of the source 152, and

for some sources 152 may even be required for their functioning.

[0038]  Pumping down the pressure level in the source chamber 150 may be performed in the
following way. First, the vacuum chamber and the source chamber are pumped down to the

level of the vacuum chamber. Then the source chamber is additionally pumped to a desired
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lower pressure, preferably by means of a chemical getter in a manner known by a skilled
person. By using a regenerative, chemical and so-called passive pump like a getter, the
pressure level within the source chamber 150 can be brought to a lower level than the pressure
level in the vacuum chamber without the need of a vacuum turbo pump. The use of a getter
avoids the interior or immediate outside vicinity of the vacuum chamber being submitted to
acoustical and/or mechanical vibrations as would be the case if a vacuum turbo pump would

be used for such a purpose.

[0039]  In the embodiment shown in FIG. 2, the source chamber 150 is provided with a valve
154 for closing a connection between the source chamber 150 and the vacuum chamber if
needed, that is if the pressure level within the source chamber 150 needs to be maintained at a
much lower pressure level than the pressure level in the vacuum chamber. For example, the
valve may be closed if the vacuum chamber is opened, for example for servicing purposes. In
such a case a high vacuum level is maintained within the source chamber 150, which may
improve downtime of the lithography apparatus. Instead of waiting until the pressure level
within the source chamber 150 is sufficient, now only the vacuum chamber needs to be
pumped down to a desired pressure level, which level is higher than the level needed in the

source chamber 150.

[0040]  The valve 154 is controlled by an actuation unit 156 that controls movement of a bar
158 that is coupled to the valve 154. The actuation unit 156 may comprise a piezo-electric
actuator, for example Physikinstrumente model N-214 or N-215 NEXLINE®. The actuation
unit 156 may be connected to a control unit and/or a power supply (both not shown) by means

of electric wiring 160. The wiring may be coated to shield electromagnetic radiation.

[0041]  FIG. 3 shows a simplified block diagram illustrating the principal elements of a
modular lithography system. The lithography system is preferably designed in a modular
fashion to permit ease of maintenance. Major subsystems are preferably constructed in self-
contained and removable modules, so that they can be removed from the lithography machine
with as little disturbance to other subsystems as possible. This is particularly advantageous for
a lithography machine enclosed in a vacuum chamber, where access to the machine is limited.
Thus, a faulty subsystem can be removed and replaced quickly, without unnecessarily

disconnecting or disturbing other systems.
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[0042]  Inthe embodiment shown in FIG. 3, these modular subsystems include an
illumination optics module 201 including the charged particle beam source 101 and beam
collimating system 102, an aperture array and condenser lens module 202 including aperture
array 103 and condenser lens array 104, a beam switching module 203 including beamlet
blanker array 105, and projection optics module 204 including beam stop array 108, beam
deflector array 109, and projection lens arrays 110. The modules are designed to slide in and
out from an alignment frame. In the embodiment shown in FIG. 3, the alignment frame
comprises an alignment inner subframe 205 and an alignment outer subframe 206. A frame
208 supports the alignment subframes 205 and 206 via vibration damping mounts 207. The
wafer 130 rests on wafer table 209, which is in turn mounted on chuck 210. Chuck 210 sits
on the stage short stroke 211 and long stroke 212. The lithography machine is enclosed in
vacuum chamber 400, which includes a mu metal shielding layer or layers 215. The machine

rests on base plate 220 supported by frame members 221.

[0043]  Each module requires a large number of electrical signals and/or optical signals, and
electrical power for its operation. The modules inside the vacuum chamber receive these
signals from control systems which are typically located outside of the chamber. The vacuum
chamber includes openings, referred to as ports, for admitting cables carrying the signals from
the control systems into the vacuum housing while maintaining a vacuum seal around the
cables. Each module preferably has its collection of electrical, optical, and/or power cabling
connections routed through one or more ports dedicated to that module. This enables the
cables for a particular module to be disconnected, removed, and replaced without disturbing
cables for any of the other modules. In some embodiments, a patch panel may be provided
within the vacuum chamber. The patch panel comprises one or more connectors for removably
connecting one or more connections of the modules. One or more ports may be used for

admitting the one or more connections of the removable modules into the vacuum chamber.

[0044]  FIG. 4 shows an example of a layout of a group of lithography machines 300
cooperating with a common wafer loading system. In this example, ten lithography machines
301 are arranged in two rows of five. Each lithography system is contained in its own vacuum
chamber, with the front of each chamber facing a central aisle 310 and the rear of each

chamber facing an access corridor 306.
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[0045]  The central aisle accommodates a robot 305 for conveying wafers to each
lithography machine 301, a load lock or wafer load unit 303 for each machine 301 loading
wafers into the machine, and a stage actuator 304 for each machine for moving the machine’s
wafer stage inside its vacuum chamber. The common robot 305 may comprise more than one
robot unit, each robot unit being configured to perform the functions assigned to the common
robot 305. If a robot unit malfunctions, another robot unit may take over its function which
minimizes the downtime of the layout due to robot failure. The malfunctioning robot unit may
be discarded from the layout and transferred to a robot storage unit 307. The robot unit can

then be serviced without disturbing the operation of the layout.

[0046]  Each vacuum chamber includes a wafer loading opening in its front wall for receiving
a wafer. The load lock (and the robot) is preferably disposed at about the height of the wafer
stage of the lithography machine, i.c. more or less at half the height of the vacuum chamber.
Although the load lock or wafer load unit 303 and the stage actuator 304 are shown side-by-
side in FIG. 4, these are preferably arranged with the load lock or wafer load unit 303 above
the stage actuator 304. Each vacuum chamber also includes a door in its back wall for
permitting access to the lithography machine for maintenance, repair, and operational

adjustment.

(00471  Floor space within a fab is valuable, due to the high cost to construct and operate
fabs and the increase in cost as the size of the fab is increased. Efficient use of the fab floor
space is thus important, and the lithography machines are preferably designed to consume as

little floor space as possible and fit together with other machines as efficiently as possible.

[0048]  The charged particle lithography system is located in a vacuum chamber. All of the
major elements of the lithography system are preferably housed in a common vacuum
chamber, including the charged particle source, projector system for projecting the beamlets
onto the wafer, and the moveable wafer stage. FIGS. 5SA-5D show an embodiment of a

vacuum chamber 400 for housing a charged particle lithography system.

[0049]  The vacuum chamber preferably has a substantially square footprint (i.e. the floor of
the chamber is square or approximately square). This enables an efficient arrangement for
housing the lithography machine, typically designed for exposing a circular wafer, and

producing an efficient arrangement of multiple lithography machines as shown, for example, in
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FIG. 4. Furthermore, the chamber may have a box-like shape, preferably limited in height to
allow further decrease of fab space occupation. In an embodiment, the chamber is shaped
substantially cubically (i.e. the height of the chamber is approximately the same as its width

and depth).

[0050]  In an alternative arrangement, the vacuum chambers are stacked vertically as well as
or in addition to being arranged side-by-side. Two, three, or possibly more layers of vacuum
chambers may be used, for example creating an arrangement of 20 chambers (for two layers)
or 30 chambers (for three layers) in the same floor space as shown in FIG. 4. Multiple
chambers may utilize a common vacuum pumping system, and a common robot system.
Alternatively, a common vacuum pumping system and a common robot system may be utilized

for each layer of chambers.

[0051]  The embodiment shown in FIGS. 5A-5D comprises a vacuum chamber 400 with a
door 402 in the back wall of the chamber, and in this example also forming the back wall. The
embodiment further comprises a wafer loading slot 418 in the front wall of the chamber
(shown in FIG. 5C), and ports 420 and vacuum pumps 430 on the top wall of the chamber, in
this example so-called turbo-pumps. The chamber 400 may be constructed from stainless
steel, aluminum, or other suitable materials, or a combination of these materials. Lighter
materials such as aluminum are preferred to reduce the weight of the chamber, which is
particularly important when it is anticipated the lithography machine will be transported from
the factory to fab site by air (which may be preferred to avoid corrosion and other problems

caused by sea transport).

[0052]  Cross beams or girders 404 may be used for reinforcing the wall plates 405, so that a
thinner plate thickness may be used for the walls to reduce the weight and cost of the chamber.
However, for some walls of the chamber this construction is not preferred, for example for the
walls where openings are located. These walls are preferably constructed of thicker plates to

provide the required rigidity despite having openings.

[0053]  The walls of the chamber 400 may be welded together at their edges. However,
welding the walls can be slow and expensive, for example because it may be complicated to
make a precision airtight weld without deforming the vacuum chamber walls. An alternative

construction is a construction made by gluing the walls together at their edges, as shown in the
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example in FIG. 6A. Two walls 501 and 502 with stepped edges are interlocked as shown in
the drawing with an adhesive 505 applied between the adjoining surfaces. An example of a
suitable adhesive is Araldite 2020. A bolt or locating pin 503 in recess 504 extending through
the wall 501 into the wall 502 may be used to locate the walls 501, 502 during the gluing
process. An alternative construction method is shown in FIG. 6B. The edges of the walls 501
and 502 are angled and a strip 510 may be positioned between the edges of the walls.
Locating bolts or pins 511 may be used to locate the walls and the strip, and O-rings 512 may
be used to seal the joints between the walls and the strip 510. The bolts 511 are included
outside of the O-rings 512. This construction results in a self-clamping arrangement where the
pressure created by the vacuum in the chamber helps to pull the wall joints together and create
a better seal. Strip 510 together with corner pieces connecting the strip with similar strips
with different orientations, may form a self-bearing framework that is incorporated into the
vacuum chamber walls, including walls 501 and 502. Although the chamber walls are
illustrated as solid walls in FIGS. 6A and 6B, the walls preferably use the sandwich

construction as described below.

[0054]  The walls of the vacuum chamber preferably also include one or more mu metal
layers, to provide isolation from magnetic fields external to the chamber. Such magnetic fields
may influence the electron beams and interfere with correct operation of the lithography
system. The mu metal may be included on the inside surface of the chamber walls, or
sandwiched within the wall construction between layers of other material. Alternatively, the
mu metal may be included on the outside surface of the chamber walls. Parts protruding the
chamber, such as leg or supports of the lithography machine (wafer stage and charged particle
column) and actuator rods for the stage, are covered by a bellows construction of mu metal,

1.e. a mu metal construction extending outside the chamber.

[0055]  The strip 510 is shown as a single piece, but it may be constructed as a sandwich as
well, e.g. alternating insulating layers and mu metal layers, terminating with an aluminum layer
on the vacuum (interior) side of the strip. In this way the shielding in the chamber walls can be
continued uninterrupted through the entire structure of FIG. 6B resulting in a kit-set style
vacuum chamber with the shielding entirely incorporated (and continuous) in the structure of

the vacuum chamber.
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[0056]  FIG. 7A shows an embodiment of a vacuum chamber with two layers of mu metal.
A section of the chamber wall 601 is shown with reinforcing beams 602 on the outside surface
of the wall, for example reinforcing beams or girders 407 in FIG. SA. A first mu metal layer
603 has spacing members 604 in the form of ribs between the mu metal layer 603 and chamber
wall 601, to create a space between them. A second mu metal layer 605 has spacing members
606 between the two mu metal layers, to create a space between them. The mu metal layers
have holes in them to avoid pressure differences in the vacuum chamber when the chamber is

evacuated.

[00571  FIG. 7B shows an alternative embodiment of a vacuum chamber with an open layer
610 separating the two layers of mu metal 603 and 605, where the layer 610 preferably has an
open structure such as a honeycomb. The layers are shown separated in the drawing for
clarity, but the layers would be formed into a single composite wall in practice. The layer 610
provides a light-weight but rigid wall separating the two mu metal layers rendering a sandwich
construction, so that the spacing members 604 and 606 in the embodiment of FIG. 7A can be
dispensed with. This construction may also enable the reinforcing beams 602 on the outside
surface of the wall 601 to be eliminated. A second wall 607 may also be provided. The walls
601 and 607 are preferably made from aluminum, and the layer 610 is preferably an aluminum
honeycomb. The resulting composite wall structure provides a wall that is easy and cheap to
manufacture, can be prefabricated, and is lightweight and rigid, with the honeycomb layer
providing the required strength for the wall. Furthermore, the composite wall structure may

incorporate one or more layers of mu shielding.

[0058]  The mu metal layers are preferably separated from conducting layers by an insulating
layer, such as a composite layer of carbon fiber and/or glass reinforced plastic. One
embodiment of the composite wall comprises a sandwich construction comprising a first
insulating layer, an aluminum honeycomb layer, a mu metal layer, a second insulating layer,
and a solid aluminum layer. Additional sets of mu metal layers and insulating layers may be
added to increase the magnetic field shielding of the chamber wall. The solid aluminum layer
is preferably on the vacuum side. The honeycomb aluminum provides the strength of the
sandwich. The thickness of the honeycomb layer may be increased, or additional honeycomb

layers used to increase the stiffness of the wall. The layers are preferably glued together.
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When the open layer 610 is made from an insulating material, this can itself provide an
insulating layer to separate the mu metal layers. A composite chamber wall using this
construction provides a light weight and rigid wall that can be prefabricated, and designed
with the required level of magnetic shielding. This structure incorporates the mu metal
shielding into the wall of the vacuum chamber, and avoids using thick solid metal layers to
obtain the required strength. Note that any of the composite walls described above may be

used in any of the embodiment of the vacuum chamber described herein.

[0059]  FIG. 8A shows a cross section through the bottom wall (floor) of the vacuum
chamber 400 where it interfaces with the frame supporting the lithography machine housed in
the chamber. Frame member 702 is shown extending through the chamber wall and resting on
base plate 701. Chamber walls 703 abut the frame member 702 and may be welded to the
frame member (weld 705). Two mu metal layers 704 also abut the frame member 702 to

avoid gaps which can permit external magnetic fields to enter the chamber.

[0060]  In order to reduce acoustic and vibrational coupling between the base plate 701 and
the vacuum chamber 400 which can affect the stability of the lithography machine, alternative
embodiments are shown in FIGS. 8B and 8C. In these embodiments, the chamber walls 703
are not rigidly fixed to frame member 702, and have a small gap between the walls and the
frame member. The walls are supported in part by a vibration damping element 710 such as an
air mount. The mu metal layers 704 extend over, or, alternatively, underneath, the frame
member 702 to eliminate any gaps in the shield. A bellows section 712 may also be provided,
extending over the frame member 702, to provide additional support to the chamber wall and
providing additional sealing around the frame member while permitting some flexing to reduce
mechanical coupling between the base plate and the chamber walls. In the embodiment of FIG.
8B, the bellows section 712 is coupled to the mu metal layers 704. In the embodiment of FIG.
8C, the bellows section 712 is coupled to the chamber walls 703 instead. Additionally, the mu
metal layers 704 are coupled to the chamber walls 705, e.g. by clamping.

[0061]  The lithography machine requires a large number of electrical and optical signals to
operate, which must exit the vacuum chamber for connection to control systems which are
typically located outside the chamber. The vacuum housing includes openings, referred to as

ports, for admitting cables carrying the signals from the control systems into the vacuum
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housing. The ports are designed to make a vacuum seal around the cables. The lithography
system preferably has a modular construction so that various critical subsystems can be
removed from the system and replaced without disturbing other subsystems. To facilitate this
design, each such modular subsystem preferably has its collection of electrical, optical, and/or
power cabling connections routed through one or more ports dedicated to that module. This
enables the cables for a particular module to be disconnected, removed, and replaced without
disturbing cables for any of the other modules. The ports are preferably designed to facilitate
the removal and replacement of the cables, connectors, and port lids as a unit, for example an
electronic unit. The vacuum chamber also requires openings for one or more vacuum pumps

to pump air from the chamber to evacuate the chamber.

[0062]  In the embodiment shown in FIGS. 5A-5D, the ports 420 and vacuum pumps 430
are located on the top wall of the chamber 400. In this embodiment, four vacuum pumps 430,
¢.g. turbo pumps, are provided in cylindrical housings along the front side of the top wall,
connected to vacuum pump openings 431, and twenty cylindrical ports 420 are provided
arranged on both sides of the top wall. The cabling from the ports is routed to the associated

control systems via conduits 437 arranged in cable rack 438.

(00631  FIG. 9A shows a cross section through the top wall (ceiling) of the vacuum chamber
400, showing a port 420. A portion 801 of the top wall is shown with an opening closed off
by lid 802. Two mu metal layers 804 and 805 also have a corresponding opening. The upper
mu metal layer 804 has a cap 806 fitting over a lip in the layer 804, providing a complete
shielding layer when the cap is in place. Cables 810 enter the vacuum chamber through the
port lid 802 and the cap 806, and terminate in connector 811. The opening in the mu metal
layers must be sufficiently large for the connector 811 to pass through, so that the assembly of
the connector 811, cables 810, cap 806, and lid 802 can be removed and replaced when

neeessary.

[0064]  FIG. 9B shows an alternative embodiment of the port 420. Each mu metal layer 804,
805 has a cap 807, 808. The mu metal caps are attached to the lid 802 via bolts or connecting
pins 809, with springs or spring-like elements. When the port is closed, the mu metal caps 807
and 808 are pushed against the respective mu metal layers 804 and 805 to produce a positive

closure of the caps over the opening in the mu metal layers. This ensures there are no gaps in
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the mu metal layers when the port is closed. The structure also fixes the mu metal caps 807

and 808 to the port lid 802.

[0065]  FIG. 9C shows another alternative arrangement for the port 420. Only one side of
the port is shown in the drawing for simplicity. In this arrangement, the chamber wall includes
a second wall layer 820, and a third mu metal cap 821 is also included. The three mu metal
caps are attached to the lid 802 via bolts or connecting pins 809, with springs or spring-like
clements, as in the previous embodiment. When the port is closed, the mu metal caps 807 and
808 are pushed against the respective mu metal layers 804 and 805 and the mu metal cap 821
18 pushed against wall layer 820. Each mu metal layer 804 and 805 has a lip to further ensure
that there are no gaps in the shielding. Alternatively or in addition, the mu metal caps may be

provided with lips.

[0066]  The ports 420 and vacuum pump openings 431 may be circular in design as shown in
FIGS. 5A-5D, or square or rectangular as shown in FIG. 10A. The ports are preferably
dedicated to a particular modular subsystem of the lithography machine, and may be sized
according to the number of cabling connections required for a subsystem. For example, as
shown in FIG. 10B, the illumination optics subsystem may require a large port 421, the
projection optics subsystem a slightly smaller port 422, and the other subsystems smaller ports

423 and 424.

[00671 A vacuum chamber 400 may have one of more dedicated vacuum pumps 430. Also,
one or more vacuum pumps may be shared between several vacuum chambers. Each chamber
may have a small vacuum pump, and share a larger vacuum pump. The ability to use more
than one pump to realize a vacuum in the vacuum chamber 400 creates a vacuum pump
redundancy that may improve the reliability of vacuum operation. If a vacuum pump

malfunctions, another vacuum pump can take over its function.

[0068]  FIG. 11 shows an arrangement with five vacuum chambers 400 sharing two turbo
vacuum pumps 430. The vacuum pumps are arranged at each end of a shared duct or pipe
432. In an embodiment, the pumps 430 and the duct or pipe 432 serve two rows of chambers
400 from a central position. The number of shared pumps may vary, i.e. one or more. The duct
or pipe 432 is connected to each vacuum chamber via a flap or valve 433. The flap or valve

433 preferably is made of mu metal or includes a mu metal layer to provide shielding.
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[0069] A water vapor cryopump 460, for example in the form of one or more cryopump
shields, may additionally be included in each vacuum chamber to capture water vapor in the
chamber to assist in forming the vacuum in the chamber. This reduces the size of the vacuum
pumps needed to produce an adequate vacuum and reduces pumpdown time, and uses no
moving parts so that it does not introduce vibrations typically caused by other types of low
temperature (<4K) systems. The water vapor cryopumps 460 are connected via valve 461 and

refrigerant supply line 462 to cryopump control system 463.

[0070]  The vacuum in the vacuum chambers of the arrangement shown in FIG. 11 can thus
be generated by both the turbo vacuum pumps 430 and the water vapor cryopumps 460 of the
cryopump system. Preferably, the turbo pumps 430 are activated first followed by activation of
the cryopump system by means of cryopump control system 463 to generate the vacuum.
Activation of a turbo vacuum pump 430 prior to a water vapor cryopump 460 may lead to a
more efficient vacuum pumping procedure than other control schemes of vacuum pumping
activation. To further enhance efficiency, the turbo pump or pumps 430 may be isolated from
the vacuum chamber after a certain period of time following its activation. Such a period of
time may correspond to a time needed to obtain a pressure value below a certain
predetermined threshold value. After isolation of the turbo pump or pumps 430 the water

vapor cryopump 460 may continue to operate to complete generation of the vacuum.

[0071]  The arrangement shown in FIG. 11 may be modified to accommodate multiple layers
of stacked vacuum chambers, with vacuum chambers being stacked vertically as well as or in
addition to being arranged side-by-side. Two, three, or possibly more layers of vacuum
chambers may be used, for example creating an arrangement of 10 chambers (for two layers)
or 15 chambers (for three layers) in the arrangement shown in FIG. 11. Multiple chambers
may utilize a common vacuum pumping system and a common vacuum pumping system may
be utilized for each layer of chambers. In an embodiment, a vacuum in a vacuum chamber
belonging to a set of vacuum chambers may be realized by pumping down each chamber

separately by the common vacuum pumping system.

[0072]  Referring back to FIGS. 5A-5D, the door 402 preferably forms the entire back wall
of the chamber 400. Although this arrangement creates several problems, it also provides an

important advantage. The large size of the door in this design increases the length of the
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sealing edge around the door, making it more difficult to maintain a vacuum in the chamber.
To achieve a good seal, the door must be very flat and rigid, which is more difficult to achieve
due to its large size, and results in a heavier door making it more difficult to open and close.
The large size requires more free space around the chamber to accommodate the usual
swinging door, using up valuable floor space in the fab. However, a door forming the entire
back wall of the chamber provides maximum width and height for moving components of the
lithography system into and out of the chamber, which is an important advantage in a
lithography system having a modular design. It allows sliding out of a module, and
subsequently exchanging it, for example to be serviced, without a need to enter the vacuum

chamber.

(00731  The door 402 may be constructed from stainless steel, aluminum, or other suitable
materials or combination of materials including a sandwiched wall construction, for example as
described earlier. The door preferably includes one or more mu metal layers, similarly to the
chamber walls, to provide isolation from external magnetic fields. To reduce the weight of the
door while maintaining the required rigidity, the door panel 406 preferably includes vertical
and/or horizontal reinforcing beams or girders 407. The outer edge of the door may also be
reinforced, for example by a strip-like reinforcement member attached to the outside or inside

perimeter of the door.

[0074]  The door preferably opens upwards, substantially vertically, to minimize the floor
space required for the lithography machine. This arrangement permits other equipment or a
wall to be located in relatively close proximity to back side of the lithography machine, or

avoids having the door block required working or access space.

[0075]  In some embodiments the door is mounted on hinged arms to enable the door to
swing upwards. The embodiment in FIGS. 5A-5D uses this design. This embodiment
employs two arms 410 on each side of the door in a parallelogram arrangement. The arms
410 are rotatably attached to the door 402 via rods 414. The arms 410 permit the door 402 to
move in an arc, with the arms extending downwards from a hinging point 411 when the door

is in the closed position, and extending upwards when the door is in the open position.

[0076]  An actuation member 412, such as an electric screw spindle, may be provided to

assist with opening and closing the door 402, to counteract in part the weight of the door.



WO 2010/094719 PCT/EP2010/052004

-17-

The actuation member 412 extends obliquely upwardly with its lower end near the door and its
higher end connecting to one of the arms 410 further from the door and near the pivot point
411 of the arm. Alternative means may also be provided for this purpose, ¢.g. counterweights
or springs. The weight of the door 402, combined with the geometry of the arms 410, pushes
the door against the chamber walls when in the closed position. As shown in FIG. 5A, the
arms 410 are relatively long and assume a relatively steep angle to the vertical when the door
is closed, so that a large closing force is provided by the weight of the door 402 and the force
of gravity. This closing force is preferably sufficient to achieve the initial sealing required to

develop a vacuum in the chamber.

[00771  The outer edge of the door 402 forms a seal against the walls of the vacuum chamber
400. For this purpose, a flat strip may be attached to the upper, lower and side walls of the
chamber to mate with a corresponding flat area around the perimeter of the door. An O-ring,
and preferably two O-rings arranged as an inner and outer O-ring, are provided on the surface

of the flat strip or the door perimeter.

[0078]  In order to provide satisfactory sealing so that the required vacuum can be
maintained in the vacuum chamber, the door should be substantially flat so that it fits against
the walls of the chamber without gaps. The door preferably fits against the chamber with a
maximum play of about 0.1 mm, to allow the vacuum pumping system to create sufficient
vacuum pressure in the chamber so that the door is pressed against the O-rings by the ambient
pressure outside the chamber to allow full vacuum pressure to be achieved. The required
flatness of the door can be achieved by flattening the outer edges of the door after it has been

constructed, ¢.g. by milling.

[0079]  The closing force due to the weight of the door and the geometry of the arms is
preferably sufficient to achieve the initial sealing without requiring additional force to be
applied to the door. If the initial sealing is achieved, operation of the vacuum pumping system
will pull the door against the O-rings and full vacuum pressure in the chamber can be achieved.
Locking lugs or bolts 416 can also be used to ensure the door 402 is sealed against the

chamber walls.

[0080] A panel 417 is located in the front wall of the vacuum chamber 400, including a slot

418 for receiving wafers from a wafer load system. Additional openings 419 are also included
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for actuator rods to enter the vacuum chamber from a stage actuator outside the chamber.

The stage actuator moves the stage inside the chamber to enable scanning of the wafer by the
lithography machine. The stage actuator typically uses electric motors to produce the required
mechanical movement of the stage, and these electric motors generate electromagnetic fields
which can disturb the charged particle beams used by the lithography machine. To avoid this
disturbance, the stage actuator is located outside the mu metal shield of the chamber. Rods
from the stage actuator enter the vacuum chamber through holes 419 in the chamber wall to
move the stage inside the chamber. The front wall of the vacuum chamber is preferably

constructed of thicker solid plate to accommodate the openings.

[0081]  In some embodiments of the vacuum chamber, the door is opened by a lift system,
the door being guided on each side of the door as it lifts. One such embodiment shown in
FIGS. 12A-12C, has a lift system 450 comprising an electric hoist 451 for lifting the door 402
using a chain on each side of the door. A suitable hoist for this embodiment is, for example,
Demag hoist model DCS-Pro 5-500. A winch may also be used with cables, wires, ropes, or
other flexible lift elements or other inflexible lift elements such as a gear rack. However, a
chain is preferred for low elasticity, due to its suitability for clean room environments, due to
the constant angle and position of the chain leaving and entering the hoist (in contrast to a
cable changing angle and position as it is wound onto the drum of a winch), and due to its

flexibility in all directions.

[0082]  The lift system 450 is provided with guiding elements for guiding the door at least in
a first stage of opening in both vertical and horizontal directions. Door guides 452, supported
by a frame 456, are provided on each side of the door in the form of guide rails running
substantially vertically, with an inclined portion 453 at the lower ends bringing the guide rails
towards the door 402 at an angle of about 45 degrees. Guide pins or rollers 454 (preferably
with protrude from each side of the door for engagement with the guide rails 452, the guide
pins sliding along the trough formed by the guide rails as the door opens and closes. The
guide pins 454 may be connected directly to the door panel or preferably to door reinforcing
beams 455. When the door 402 is being opened, the configuration of the door guides 452
results in the door initially moving upwards and outwards (at an angle of 45 degrees in this

embodiment), followed by a vertical or almost vertical movement until the door is raised
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completely above the top wall of the vacuum chamber to provide unhindered access to the

chamber interior.

[0083]  When the door 402 is being closed, the door initially moves vertically or almost
vertically and then closes against the chamber moving downwards and inwards at an angle. As
for the previous embodiment, the door preferably fits against the chamber with a maximum
play of about 0.1 mm. The closing force due to the weight of the door and the geometry of
the door guides is preferably sufficient to achieve the initial sealing without requiring
additional force to be applied to the door. If the initial sealing is achieved, operation of the
vacuum pumping system will pull the door against the O-rings and full vacuum pressure in the
chamber can be achieved. Lesser initial sealing may to some extent be compensated though by
using high capacity pumps in a shared configuration, for example a configuration as discussed
carlier with reference to FIG. 11. Locking lugs or bolts 416 can also be used to ensure the

door 402 is sealed against the chamber walls.

[0084]  The outer edge of the door 402 may also be reinforced, for example by a strip-like
reinforcement member 460 attached to the outside or inside perimeter 461 of the door. The
outer edge of the door forms a seal against the walls of the vacuum chamber. A flat strip 463
may be attached to the upper, lower and side walls of the chamber to mate with a
corresponding flat area 461 around the perimeter of the door. An O-ring, and preferably two
O-rings arranged as an inner and outer O-ring, are provided on the surface of the flat strip 463

or the door perimeter 461.

[0085]  Guiding elements 457 are also provided to guide the chain as the door 402 is opened
and closed. In the embodiment of FIGS. 12A-12C, a chain-gutter is provided alongside the
door guides 452. The chain is attached at one end to the frame on one side of the chamber at
point 458. The chain runs down the right side door guide 452, around a right chain guiding
element 457, across the outer side of the door 402 in channel 465, around a left chain guiding
element 457, up the left side door guide 452, around a third chain guiding element (459) at the
upper end of the frame 452, and across to the hoist 451. This arrangement reduces required

lifting force by half while using only one hoist.
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[0086]  The chain guides 457 are preferably located lower on the door 402, below or
connected to a door reinforcing beam, and are preferably constructed as a roller, wheel, or

other element able to guide the chain while transmitting the lifting force to the door.

[0087]  Although a chain system is used for this embodiment, other lift elements may be
used, either attached directly to the door or transmitting lifting force via guiding blocks or
rollers attached to the door. A pneumatic or hydraulic lift system may also used, lifting the

door via flexible lift elements or rigid arms or struts.

[0088]  The hoist or winch motor or actuator is preferably located above the chamber,
supported by frame 456. This makes efficient use of the fab floor space, as the lifting
equipment then uses vertical space that is required to accommodate the opening height of the
door. The winch or crane may be self locking, or provided with a locking device for safety
purposes. Equipment racks may also be conveniently located above the vacuum chamber, also
supported by the frame 456. These racks are preferably used to house high voltage control
circuitry and beam switching and beam scan deflection circuitry, which is preferably located in
close proximity to the lithography machine in the vacuum chamber. This makes efficient use

of the fab floor space.

[0089]  The invention has been described by reference to certain embodiments discussed
above. It should be noted various constructions and alternatives have been described, which
may be used with any of the embodiments described herein, as would be know by those of skill
in the art. Furthermore, it will be recognized that these embodiments are susceptible to
various modifications and alternative forms well known to those of skill in the art without
departing from the spirit and scope of the invention. Accordingly, although specific
embodiments have been described, these are examples only and are not limiting upon the

scope of the invention, which is defined in the accompanying claims.
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CLAIMS

1. A charged particle lithography apparatus (100) comprising:

a charged particle source (101) for creating one or more charged particle
beams (123);

a charged particle projector (108, 109, 110) for projecting the beams onto a
wafer; and

a moveable wafer stage (132) for carrying the wafer (130);

wherein the charged particle source, charged particle projector, and moveable
wafer stage are disposed in a common vacuum chamber (140, 400) forming a vacuum
environment, and wherein the vacuum chamber comprises an opening (418) for loading

wafers into the chamber and a door (402).

2. The apparatus of claim 1, wherein the vacuum chamber has a rectangular footprint.

3. The apparatus of claim 2, wherein the vacuum chamber has rectangular sides.

4. The apparatus of claim 1, wherein the vacuum chamber has a box-like shape.

5. The apparatus of any one of the preceding claims, wherein the door (402) is located on

a wall of the chamber (400) opposite to the opening (418) for loading wafers.

6. The apparatus of any one of the preceding claims, wherein the door (402) forms one

entire wall of the chamber (400).

7. The apparatus of any one of the preceding claims, wherein the walls of the chamber

(400) comprise aluminum.

8. The apparatus of any one of the preceding claims, wherein the interior surface of the

walls of the chamber (400) are covered with a mu metal.

9. The apparatus of any one of the preceding claims, wherein the walls of the chamber

(400) comprise a composite structure including one or more layers of mu metal (603, 605).
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10.  The apparatus of any one of the preceding claims, wherein the walls of the chamber
(400) comprise a composite structure including a layer of aluminum (601, 607) and a layer of
mu metal (603, 605), the layer of aluminum being separated from the layer of mu metal by a

plurality of spacing members (604, 606).

11.  The apparatus of claim 10, wherein the composite structure further includes a further
layer of mu metal (605), separated from the layer of mu metal (603) by a plurality of further

spacing members (606).

12.  The apparatus of claim 11, further comprising one or more electrically insulating layers

for insulating the mu metal layers (603, 605).

13.  The apparatus of any one of the preceding claims, wherein parts protruding into the
chamber (400) are covered by a bellows structure (712) comprised of or covering one or more

layers of mu metal (704).

14.  The apparatus of claim 13, wherein the bellows structure (712) is coupled to the one or

more layers of mu metal (704).

15.  The apparatus of claim 13, wherein the bellows structure (712) is coupled to a wall

(703) of the chamber (400).

16.  The apparatus of any one of the preceding claims, wherein the walls (501, 502) of the

chamber (400) are glued together.

17.  The apparatus of any one of the preceding claims, wherein the vacuum chamber (400)
is provided with a lift system (450) for opening the door (402) by lifting the door in a vertical

direction or a predominantly vertical direction.

18.  The apparatus of claim 17, wherein the lift system (450) is provided with guiding
elements (452, 453) for guiding the door (402) at least in a first stage of opening in both a

vertical and a horizontal direction.
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19.  The apparatus of claim 17 or claim 18, wherein the lift system (450) comprises a hoist

or winch (451) for lifting the door (402) via a flexible pull member, such as a cable or chain.

20.  The apparatus of claim 19, further comprising guiding elements (457, 459) for guiding

the flexible pull member and transferred lifting force to the door (402).

21.  The apparatus of claim 20, wherein the cable or chain is connected at one end to an
upper frame member (458) and loops around the guiding elements (457, 459), with the other

end being connected to the hoist or winch (451).

22.  The apparatus of any one of claims 19 — 21, wherein the hoist or winch (451) is

disposed above the chamber (400).

23.  The apparatus of any one of the preceding claims, wherein the vacuum chamber is
provided with at least one arm (410) on each side of the door (402) for opening the door in a
predominantly vertical direction, the arms extending downwards from a hinging point (411) to

connect to the door.

24.  The apparatus of claim 23, comprising at least two arms (410) on each side of the door

(402) arranged in a parallelogram construction.

25.  The apparatus of claim 23 or claim 24, further comprising an actuation member (412)

extending obliquely upwardly to pivotally connect to one of the arms (410).

26.  The apparatus of claim 25, wherein the actuation member (412) comprises an electric

screw spindle.

27.  The apparatus of any one of the preceding claims, wherein the source (101; 152) is

situated in a source chamber (150).

28.  The apparatus of claim 27, wherein the source chamber (150) comprises a getter
pump.
29.  The apparatus of claim 27 or claim 28, wherein the source chamber (150) is connected

to the vacuum chamber (400) by means of a valve (154) actuated by an actuation unit (156).
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30.  The apparatus of claim 29, wherein the actuation unit (156) comprises a piezo-electric
actuator.
31.  The apparatus of any one of the preceding claims, wherein one or more subsystems of

the apparatus are constructed in self-contained and removable modules, the removable
modules comprising one or more of:
an illumination optics module (201) including a charged particle beam source
(101) and beam collimating system (102);
an aperture array and condenser lens module (202) including an aperture array
(103) and condenser lens array (104);
a beam switching module (203) including a beamlet blanker array (105); and
a projection optics module (204) including a beam stop array (108), beam

deflector array (109), and one or more projection lens arrays (110).

32.  The apparatus of claim 31, further comprising a wafer table (209) for supporting a
wafer (130), a chuck (210) for holding the wafer table, and a short stroke stage element (211)

and a long stroke stage element (212).

33.  The apparatus of any one of the preceding claims, wherein the chamber (400) is
provided with ports (420) for admitting electrical, optical, and/or power cables or wires into

the chamber (400), the ports providing a seal around the cables or wires.

34.  The apparatus of claim 33, wherein each port (420) admits cables or wires for a single

module of the apparatus.

35.  The apparatus of claim 31, wherein a patch panel is provided within the vacuum
chamber, the patch panel comprising one or more connectors for removably connecting one or

more connections of the removable modules.

36.  The apparatus of claim 35, wherein the chamber is provided with one or more ports for

admitting the one or more connections of the removable modules into the chamber.
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37.  The apparatus of claim 33 or claim 34, wherein at least one of the ports (420)

comprises a lid (802) and one or more mu metal caps (806, 807, 808).

38.  The apparatus of claim 37, wherein the port lid (802) and the one or more mu metal

caps (806, 807, 808) are arranged as a unit.

39.  The apparatus of claim 38, wherein the port lid (802), one or more mu metal caps
(806, 807, 808), the electrical, optical, and/or power cables or wires (810) passing through the
port, and a connector (811) terminating the cables or wires, are arranged to be removed and

replaced as a unit.

40.  The apparatus of claims 37 — 39, wherein the one or more mu metal caps (806, 807,
808) are pressed against corresponding mu metal wall layers (804, 805) when the port lid

(802) is closed.

41.  The apparatus of any one of the preceding claims, wherein the chamber (400) is
provided with one or more vacuum pump openings (431, 433), the openings having a flap or

valve comprising mu metal.

42.  An arrangement comprising a charged particle lithography apparatus according to any
one of the preceding lithography apparatus claims and a frame (701, 702) for supporting the
vacuum chamber (400) of the charged particle lithography apparatus, wherein the vacuum
chamber (400) and the frame (701, 702) are coupled to each other via a vibration damping

element (710).

43.  The arrangement of claim 42, wherein the vibration damping element (710) is an air

mount.
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abstract
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International application No.
INTERNATIONAL SEARCH REPORT PCT/EP2010/052004
Box No.il Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been estabtished in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. I:l 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. l:‘ Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as foliows:

see additional sheet

-

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

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

3. As only some of the required additional search fees were timely paid by the applicant, this internationat search report covers
only those claims for which fees were paid, specifically claims Nos.:
4. No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:
1-4
Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the

payment of a protest fee.

The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I:] No protest accompanied the payment of additional search fees.
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International Application No. PCT/EP2010 /052004

FURTHER INFORMATION CONTINUED FROM  PCTASA/ 21

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-4

charged particle lithography apparatus with common vacuum
chamber having rectangular footprint;

in order to provide chamber structure especially adapted for
dens arrangements.

2. claims: 5-6

the vacuum chamber has opening and door at opposite chamber
walls;
in order to provide well organised access conditions.

3. claims: 7-16

the vacuum chamber has special wall structure details;
in order to optimise the vacuum chamber for certain
constrains e.g. weight, magnetic shielding, assembling.

4. claims: 17-26

the door opening mechanism of the vacuum chamber has special
details;

in order to provide for adequate opening and access
possibilities.

5. claims: 27-30

a dedicated source chamber is provided;
in order to optimise the operating conditions for the
charged particle source.

6. claims: 31-40

the charged particle lithography apparatus comprises
removable modules and respective ports/connections;
in order to provide easy service possibilities.

7. claim: 41

vacuum pump,
in order to evacuate the chamber.

8. claims: 42-43




Internationa! Application No. PCT/EP2010 /052004

FURTHER INFORMATION CONTINUED FROM  PCTASA/ 210

vibration damping;
in order to provide means to eliminate disturbing
conditions.
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Information on patent family members

International application No

PCT/EP2010/052004
Patent document Publication Patent family Publication
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US 2003155534 Al 21-08-2003 GB 2389454 A 10-12-2003
JP 4423490 B2 03-03-2010
JP 2004040076 A 05-02-2004
JP 2009111405 A 21-05-2009

US 5677109 A 14-10-1997  NONE

US 4695732 A 22-09-1987 DE 3574521 D1 04-01-1990
EP 0161723 A2 21-11-1985
GB 2159322 A 27-11-1985
JP 60254726 A 16-12-1985

us 7372027 B2 13-05-2008 DE 102005049066 Al 20-04-2006
JP 2006114385 A 27-04-2006
US 2006097165 Al 11-05-2006

US 2005001178 Al 06-01-2005  NONE

US 2007278418 Al 06-12-2007 US 2010098922 Al 22-04-2010
US 2007284537 Al 13-12-2007
US 2007284538 Al 13-12-2007
US 2007278419 Al 06-12-2007
US 2007284695 Al 13-12-2007
US 2007278428 Al 06-12-2007
US 2007284527 Al 13-12-2007

JP 2008129358 A 05-06-2008  NONE

US 2004263819 Al 30-12-2004 JP 4074224 B2 09-04-2008
JP 2005019708 A 20-01-2005
KR 20050001353 A 06-01-2005

US 3365091 A 23-01-1968  NONE
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