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END EFFECTORS AND RETICLE
HANDLING AT A HIGH THROUGHPUT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional
Patent Application No. 62/126,448 filed on Feb. 28, 2015,
which is incorporated herein by reference in its entirety.

TECHNICAL FIELD

The present invention relates to the field of reticle han-
dling in semiconductors industry, and more particularly, to
an end effector.

BACKGROUND OF THE INVENTION

Reticles in the semiconductors industry are handled, i.e.,
moved from buffers to imagers, by end effectors of reticle
mechanical interface pods, which carry the reticles at their
bottoms to counter gravitation—passively, using friction
and/or under suction.

SUMMARY OF THE INVENTION

The present invention comprises a method for handling a
reticle, including the steps of applying at least a lateral force
or a downward force on the reticle with an end effector to
fixate the reticle to at least two supports which are attached
to at least two arms of the end effector and are configured to
apply an upwards force on the reticle.

The present invention also comprises an end effector,
having at least two arms having at least two supports
attached thereto, wherein the end effector is configured to
handle a reticle by applying at least a lateral force or a
downward force on a reticle during handling to fixate the
reticle to the at least two supports, wherein the at least two
supports are configured to apply an upwards force on the
reticle.

The present invention also comprises an end effector for
handling a reticle, the end effector comprising a gripper unit
comprising at least two supports, with at least one support
thereof on each of two gripper arms, and, a gripper arranged
to control a horizontal movement of the gripper arms,
wherein the end effector is movable vertically, the gripper is
arranged to move the gripper fork arms inwardly with
respect to the reticle, to position the at least two supports
below a reticle bottom surface, and, the at least two supports
are configured to fixate the reticle.

The present invention also comprises a reticle mechanical
interface pod, having an end effector with at least two arms
having at least two supports attached thereto, wherein the
end effector is configured to handle a reticle by applying at
least a lateral force or a downward force on a reticle during
handling to fixate the reticle to the at least two supports,
wherein the at least two supports are configured to apply an
upwards force on the reticle, wherein the reticle mechanical
interface pod is configured to move the reticle by controlling
the end effector.

The following is a simplified summary providing an
initial understanding of the invention. The summary does
not necessarily identify key elements nor limit the scope of
the invention, but merely serves as an introduction to the
following description.

One aspect of the present invention provides a method
comprising handling a reticle by an end effector by applying
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at least a lateral force or a downward force on the reticle
during the handling to fixate the reticle to at least two
supports which are attached to at least two arms of the end
effector and are configured to apply an upwards force on the
reticle.

These, additional, and/or other aspects and/or advantages
of the present invention are set forth in the detailed descrip-
tion which follows; possibly inferable from the detailed
description; and/or learnable by practice of the present
invention.

BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of embodiments of the inven-
tion and to show how the same may be carried into effect,
reference will now be made, purely by way of example, to
the accompanying drawings in which like numerals desig-
nate corresponding elements or sections throughout.

In the accompanying drawings:

FIG. 1 is a high level schematic illustration of handling a
reticle by an end effector, according to some embodiments
of the invention;

FIG. 2 is a high level schematic illustration of handling a
reticle by an end effector, according to some embodiments
of the invention;

FIG. 3A is a high level schematic illustration of engaging
the reticle by a support, according to some embodiments of
the invention;

FIG. 3B is a high level schematic illustration of engaging
the reticle by a support, according to some embodiments of
the invention;

FIG. 3C is a high level schematic illustration of engaging
the reticle by a support, according to some embodiments of
the invention;

FIG. 4 is a high level schematic illustration of an end
effector, according to some embodiments of the invention;

FIG. 5 is a high level schematic illustration of an end
effector, according to some embodiments of the invention;

FIG. 6 is a high level schematic illustration of an end
effector, according to some embodiments of the invention;

FIG. 7A is a high level schematic illustration of an end
effector, according to some embodiments of the invention;

FIG. 7B is a high level schematic illustration of an end
effector, according to some embodiments of the invention;

FIG. 8 is a high level flowchart illustrating a method of
handling a reticle, according to some embodiments of the
invention;

FIG. 9 is a graphical representation of exemplary experi-
mental repeatability results regarding the end effector,
according to some embodiments of the invention; and,

FIG. 10 is a graphical representation of exemplary experi-
mental reliability results regarding the end effector, accord-
ing to some embodiments of the invention.

DETAILED DESCRIPTION OF THE
INVENTION

With specific reference now to the drawings in detail, it is
stressed that the particulars shown are by way of example
and for purposes of illustrative discussion of the preferred
embodiments of the present invention only, and are pre-
sented in the cause of providing what is believed to be the
most useful and readily understood description of the prin-
ciples and conceptual aspects of the invention. In this regard,
no attempt is made to show structural details of the invention
in more detail than is necessary for a fundamental under-
standing of the invention, the description taken with the
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drawings making apparent to those skilled in the art how the
several forms of the invention may be embodied in practice.

Before at least one embodiment of the invention is
explained in detail, it is to be understood that the invention
is not limited in its application to the details of construction
and the arrangement of the components set forth in he
following description or illustrated in the drawings. The
invention is applicable to other embodiments or of being
practiced or carried out in various ways. Also, it is to be
understood that the phraseology and terminology employed
herein is for the purpose of description and should not be
regarded as limiting.

Unless defined otherwise, all technical and scientific
terms used herein have the same meaning as commonly
understood to one of ordinary skill in the art to which this
invention belongs. Although any methods, devices or mate-
rials similar or equivalent to those described herein can be
used in the practice or testing of the invention, the preferred
methods, devices, and materials are now described.

In the below description, an embodiment is an example or
implementation of the invention. The various appearances of
“one embodiment”, “an embodiment”, “certain embodi-
ments” or “some embodiments” do not necessarily all refer
to the same embodiments.

End effectors of reticle mechanical interface pods as well
as reticle handling methods are provided, which handle the
reticle by the end effector by applying a lateral force and/or
a downward force on the reticle during the handling to fixate
the reticle to at least two supports (e.g., at least four fingers)
which are attached to at least two arms of the end effector
and are configured to apply an upwards force on the reticle.
Hence the reticle is fixated to the end effector and can be
handled with higher accelerations and at a higher throughput
than current methods. End effectors may have multiple
fingers to fixate the reticle, and on more pushers may apply
a downwards force to further fixate the reticle to the sup-
ports.

Referring now to the drawings, FIGS. 1 and 2 are high
level schematic illustrations of handling a reticle 90 by an
end effector 100, according to some embodiments of the
invention. Certain embodiments comprise a reticle mechani-
cal interface pod (not illustrated) configured to move reticle
90 by controlling end effector 100 of any of the embodi-
ments.

End effector 100 may be configured to handle any type of
reticle, in a non-limiting example, six inch reticles. End
effector 100 may be configured to be operated by any reticle
mechanical interface pod, e.g., pods specified by SEMI
E100-1104 (RSP200) and/or SEMI E111-1213 (RSP150)
and handle transferal of reticles 90 between reticle buffers,
pre-aligners and imagers.

End effector 100 may be configured to handle reticle in
the following manner, illustrated as end effector states
100A-100F in FIG. 1. End effector 100 may comprise
supports 125 (e.g., fingers 125) and pusher(s) 115 which
approach reticle 90 positioned on its supports 91 (e.g., of a
reticle carrier) prior to grasping the reticle (indicated by
arrow 101). End effector may first be lowered 101 A by the
reticle mechanical interface pod in a vertical downwards
movement until pushers 115 contact reticle 90 as illustrated
in end effector state 100B. Upon further downwards move-
ment 101B, pushers 115 apply a downwards force 116 onto
reticle 90 which stabilizes is on supports 91, as illustrated in
end effector state 100C, while supports 125 are lowered
below the edges of reticle 90, still under the vertical down-
wards movement controlled by the reticle mechanical inter-
face pod. Upon being positioned at a specified distance
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below reticle 90, as illustrated in end effector state 100D,
supports 125 may be moved inwardly 101C by end effector
100 (e.g., by one or more spring and/or one or more piston
and/or one or more vacuum application or any other com-
parable means) to be positioned below reticle 90. Then, upon
vertical upwards movements 101D, 101E which may be
controlled by the reticle mechanical interface pod, supports
125 contact reticle 90 from its lower side, as illustrated in
end effector state 100E, and gradually apply an upwards
lifting force 126 to lift reticle 90 from supports 91, as
illustrated in end effector state 100F, while pushers 115
continue to apply vertical force 116 which may be reduced
with respect to fixating force 116 applied in end effector state
100D but still fixates reticle 90 after being lifted by supports
125. After being lifted by supports 125 and fixated by
pushers 115, reticle may be handled, e.g., transferred to a
different location, to and/or from a tool etc.

In a complementary action of releasing the reticle (indi-
cated by arrow 102), reticle 90 held by supports 125 and
fixated by pushers 115, as illustrated in end effector state
100F, may be lowered 102A and then set on supports 91, as
illustrated in end effector state 100E, e.g., controllable by a
vertical downwards movement controlled by the reticle
mechanical interface pod. Upon further downwards move-
ment 102B, supports 125 may be lowered below reticle 90
while pushers increase fixating force 116, as illustrated in
end effector state 100D, and then supports 125 may be
removed from below reticle 90 by outward lateral movement
102C applied by end effector 100 (e.g., by one or more
spring and/or one or more piston and/or one or more vacuum
application or any other comparable means) to reach illus-
trated end effector state 100C. Then supports 125 and
pushers 115 may be raised 102D until fixating three is
released, as illustrated in end effector state 100B, and further
102E to detach reticle 90 completely, as illustrated in end
effector state 100A. Hence, FIG. 1 schematically illustrates
a complete reticle handling cycle,

It is noted that while at least two pushers 115 are illus-
trated in FIG. 1, one pusher 115, one pair of pushers 115 or
any number of pushers 115 or pairs of pushers 115 may be
used to fixate reticle 90. It is further noted that supports 125
may be continuous on each side of reticle 90, or may be
divided into discrete elements, e.g., four fingers 125, pairs of
fingers 125 or any other mechanically feasible and efficient
configuration.

FIG. 2 schematically illustrates the reticle handling by
end effector 100 applying a lateral fixating force 126 on
reticle 90 rather than downward force 116 applied by
pushers 115, or in addition thereto. Similarly to FIG. 1, FIG.
2 illustrates downwards approach 101A of fingers 125 (as
supports 125) to reticle 90 to supports 101, controllable by
a vertical downwards movement controlled by the reticle
mechanical interface pod, inwards movement 101C of fin-
gers 125, applied by end effector 100 (e.g., by one or more
spring and/or one or more piston and/or one or more vacuum
application or any other comparable means), fixation of
reticle by lateral force 126 and upon upwards movement
101D of fingers 125, simultaneous application of both lateral
fixating force 126 and upwards force by fingers 125, in the
illustrated case without employing pushers 115.

FIGS. 3A-3C are high level schematic illustrations of
engaging reticle 90 by support 125 (e.g., finger 125), accord-
ing to some embodiments of the invention. FIG. 3A sche-
matically illustrates approaching support 125. FIG. 3B sche-
matically illustrates application of upward force 126, e.g.,
via a padding 127 attached to support 125. FIG. 3C sche-
matically illustrates application of lateral force 126, and
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possibly also upward force 126, e.g., via padding 127
attached to support 125. It is noted that in embodiments
illustrated in FIGS. 2 and 3C, the sides of supports 125 may
apply both fixating lateral force and lifting upward force on
reticle 90.

FIGS. 4-6 and 7A, 7B are high level schematic illustra-
tions of end effector 100, according to some embodiments of
the invention. [llustrated end effectors 100 implement reticle
handling principles illustrated in FIGS. 1 and 2, as non-
limiting embodiments. End effector 100 may comprise at
least two arms 120, 120A, 120B (in different FIGS. 4-6 and
7A, 7B) having at least two supports 125 (e.g., at least four
fingers 125) attached thereto. End effector 100 is configured
to handle reticle 90 by applying lateral force 126 and/or
downward force 116 on reticle 90 during the handling to
fixate reticle 90 to at least two supports 125 (e.g., at least
four fingers 125). At least two supports 125 are configured
to apply upwards force 126 on the reticle. Further illustrated
are horizontal inwards/outwards movement 121 of fingers
125 applied by end effector 100, e.g., by one or more spring
and/or one or more piston and/or one or more vacuum
application or any other comparable means, and vertical
upward/downward movement 105 controllably applied by
the reticle mechanical interface pod (not illustrated).

FIGS. 4 and 5 schematically illustrate embodiments in
which end effector 100 comprises at least one pusher 115
(four pushers 115 are illustrated in a non-limiting manner)
configured to apply downwards force 116 on reticle 90.
While both FIGS. 4 and 5 illustrate four pushers 115, each
located at a corner of reticle 90, certain embodiments
comprise two pushers 115, one on each side of reticle 90,
i.e., between respective pairs of illustrated pushers 115, e.g.,
in the middle of the respective reticle side. End effector 100
may comprise a gripper unit 130 with at least one finger 125
on each of two gripper arms 120A (optionally also basis
120B) and a gripper 135 arranged to control horizontal
movement 121 of gripper arms 120A (optionally also basis
120B).

While end effector 100 is movable vertically by the reticle
mechanical interface pod, gripper 135 may be arranged to
move gripper fork arms 120 inwardly with respect to reticle
90 (either longitudinally or laterally), to position fingers 125
below the bottom surface of reticle 90 and consecutively
fixate reticle 90 by fingers 125.

FIG. 4 schematically illustrates a longitudinal application
of fingers 125 with respect to end effector 100, in which
horizontal movement 121 is longitudinal with fingers 125 on
arms 120A moving relatively to fingers 125 on basis 120B
(either arms 120A and/or basis 120B may perform the actual
movement), while FIG. 5 schematically illustrates a trans-
versal application of fingers 125 with respect to end effector
100, in which horizontal movement 121 is transversal with
fingers 125 on one of arms 120 A moving relatively to fingers
125 on another one of arms 120A (either or both arms 120A
may perform the actual movement). In FIGS. 4 and 5, the
fixating force is applied by pushers 115 attached to respec-
tive pusher arms 110 (as illustrated in FIGS. 1 and 3B) as
downward force 116.

End effector 100 may further comprise a pusher fork 109
comprising at least one pusher 115, at least one pusher 115
on each of at least one pusher fork arm 110 (two pusher fork
arms 110 are illustrated in a non-limiting manner). Pushers
110 may be configured to contact and press against the top
surface of reticle 90 upon downwards movement 105 of end
effector 100. Upon handling reticle 90, fingers 125 may be
configured to fixate reticle 90 against pushers 115 upon
consequent upwards movement of end effector 100. Pusher
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fork 109 may be moved on vertical linear slides, e.g., be
pulled downwards by vertical extension springs, and be
controlled by using already existing robot vertical motion.

FIG. 6 schematically illustrates a longitudinal application
of fingers 125 with respect to end effector 100, in which
horizontal movement 121 is longitudinal with fingers 125 on
arms 120A moving relatively to fingers 125 on basis 120B
(either arms 120A and/or basis 120B may perform the actual
movement). In FIG. 6, the fixating force is applied by fingers
125 (as illustrated in FIGS. 2 and 3C) as lateral force 126.
In certain embodiments, an air gripper may have two parallel
rails and slides, to which two separate forks 120A, 12013
may be fastened. Air gripper may be configured to open and
close forks 120A, 120B on reticle 90, to fixate reticle 90 by
fingers 125 at the bottom front and back of reticle with
respect to end effector 100.

FIGS. 7A and 7B schematically illustrate end effector 100
having two supports 125, each attached to respective aim
120, that fixate reticle to end effector 100, e.g., by applying
a lateral and/or an upwards force (FIG. 7B is a cross section
indicating the side and bottom contact areas of reticle 90 to
supports 125). One (or more) pusher 115 connected to
pusher arm 110 may apply a downwards force on reticle 90
to further fixate it to supports 125.

FIG. 8 is a high level flowchart illustrating a method 200
ot handling a reticle, according to some embodiments of the
invention. Method 200 may comprise handling a reticle by
an end effector by applying at least a lateral force or a
downward force on the reticle during the handling to fixate
the reticle to at least two supports which are attached to at
least two arms of the end effector and are configured to apply
an upwards force on the reticle (stage 210).

Method 200 may comprise applying the lateral force
longitudinally with respect to the end effector (stage 220)
and/or applying the lateral force transversally with respect to
the end effector (stage 230). Method 200 may comprise
applying the lateral force by the at least two supports (stage
235). In certain embodiments, Method 200 may comprise
applying the downwards force on the reticle by at least one
pusher (stage 240).

For example, method 100 may comprise configuring the
at least two supports to comprise at least four fingers (stage
237) and/or configuring two or four pushers to press the
reticle to the supports (stage 242).

Experimental results have verified the mechanical viabil-
ity of illustrated embodiments of end effector 100 with
respect to the mechanical strength of fingers 125, pushers
115 and arms 110, 120, as well as with respect to possible
handling accelerations of reticle 90.

FIGS. 9 and 10 present exemplary experimental repeat-
ability and reliability results regarding end effector 100,
according to some embodiments of the invention. FIG. 9
illustrates repetition accuracy of end effector 100 in a test
involving moving a reticle with specific targets back and
forth between two positions. The three graphs depict the
displacements in X, y (linear displacements) and in 6 (rota-
tion displacement) with respect to the preceding reading of
the target’s positions by respective measurement systems.
The graphs illustrate the repeatability of the reticle placing
exhibited by end effector 100 over 500 cycles. FIG. 10
illustrates initial reliability results of 480,000 gripper cycles,
carried out without any failures. The initial results are
indicated by the arrow and are to be completed and com-
pared to the theoretical reliability denoted by the diagonal
line until reaching a specifications requirement denoted by
the horizontal line (at ca. 3,200,000 cycles).
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Advantageously, holding reticle 90 on all sides provides
a firm grip of reticle 90 and the fixation of reticle 90 to end
effector 100 provides higher throughput due to the possibil-
ity to handle reticle 90 at higher accelerations and with a
higher degree of control. This is in contrast to common
methods that hold the reticles at their bottoms only to
counter gravitation. Certain fixation embodiments hence
hold the reticles with significantly larger forces that forces
resulting from the reticle’s weight alone. Specifically, endur-
ing high acceleration, the reticle fixation prevents the reticle
to slip as it would with common end effectors. Furthermore,
operation of end effector 100 relies on existing movement
axes (up and down by the reticle mechanical interface pod,
lateral movements by existing gripping mechanisms) and do
not necessarily requires additional activation mechanisms in
end effector 100.

Although various features of the invention may be
described in the context of a single embodiment, the features
may also be provided separately or in any suitable combi-
nation. Conversely, although the invention may be described
herein in the context of separate embodiments for clarity, the
invention may also be implemented in a single embodiment.

Certain embodiments of the invention may include fea-
tures from different embodiments disclosed above, and
certain embodiments may incorporate elements from other
embodiments disclosed above. The disclosure of elements of
the invention in the context of a specific embodiment is not
to be taken as limiting their used in the specific embodiment
alone.

Furthermore, it is to be understood that the invention can
be carried out or practiced in various ways and that the
invention can be implemented in certain embodiments other
than the ones outlined in the description above.

The invention is not limited to those diagrams or to the
corresponding descriptions. For example, flow need not
move through each illustrated box or state, or in exactly the
same order as illustrated and described.

While the invention has been described with respect to a
limited number of embodiments, these should not be con-
strued as limitations on the scope of the invention, but rather
as exemplifications of some of the preferred embodiments.
Other possible variations, modifications, and applications
are also within the scope of the invention. Accordingly, the
scope of the invention should not be limited by what has thus
far been described, but by the appended claims and their
legal equivalents.

What is claimed is:
1. A method for handling a reticle, comprising the steps
of:

positioning first and second fingers for an end effector
beyond a reticle in an upward vertical direction;

positioning first and second pushers for the end effector
above the reticle in the upward vertical direction and
between the first and second fingers;

moving the first and second fingers in a downward
vertical direction, opposite the upward vertical direc-
tion;

positioning the first and second fingers beyond the reticle
in the downward vertical direction;

moving the first and second pushers in the downward
vertical direction;

contacting the reticle with the first and second pushers;

moving the first and second fingers in the upward vertical
direction;

applying, with the first and second fingers, force on the
reticle in the upward vertical direction; and,
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applying a lateral force, with the first and second fingers,
longitudinally or transversally with respect to the end
effector.
2. The method of claim 1, further comprising:
positioning third and fourth fingers for the end effector
beyond the reticle in the upward vertical direction;
positioning the first and second pushers for the end
effector above the reticle in the upward vertical direc-
tion and between the third and fourth fingers;

moving the third and fourth fingers in the downward
vertical direction, opposite the upward vertical direc-
tion;

positioning the third and fourth fingers beyond the reticle

in the downward vertical direction;

moving the third and fourth fingers in the upward vertical

direction; and,

applying, with the third and fourth fingers, force on the

reticle in the upward vertical direction.

3. The method of claim 1, further comprising applying a
downwards force on the reticle by the first and second
pushers.

4. An end effector, comprising:

first and second fingers; and,

a pusher fork comprising first and second pushers,

wherein the first and second pushers are positionable

above a reticle in the upward vertical direction and
between the first and second fingers; the first and
second fingers are movable in a downward vertical
direction, opposite the upward vertical direction; the
first and second pushers are movable in the downward
vertical direction to contact and apply a downward
force on the reticle; and, the first and second fingers are
movable in the upward vertical direction and a lateral
direction, to apply an upward vertical force on the
reticle in the upward vertical direction and apply a
lateral force on the reticle longitudinally or transver-
sally with respect to the end effector.

5. The end effector of claim 4, further comprising:

third and fourth fingers, wherein:

the third and fourth fingers are movable in a downward
vertical direction, opposite the upward vertical direc-
tion;

the first and second pushers are positionable between
the third and fourth fingers; and,

the third and fourth fingers are movable in the upward
vertical direction to apply force on the reticle in the
upward vertical direction.

6. An end effector for handling a reticle, the end effector
comprising:

first and second fingers; and,

a pusher fork comprising first and second pushers,

wherein the first and second fingers are positionable

beyond a reticle in an upward vertical direction; the
first and second pushers are positionable above the
reticle in the upward vertical direction and between the
first and second fingers; the first and second fingers are
movable in a downward vertical direction beyond the
reticle in the downward vertical direction, while
remaining laterally beyond the reticle; following the
movement in the downward vertical direction, the first
and second fingers are moveable in a lateral direction,
longitudinally or transversally with respect to the
reticle; the first and second pushers are movable in the
downward vertical direction to contact and apply a
downward force on the reticle; and, the respective
fingers are movable in the upward vertical direction and
the lateral direction, to apply an upward vertical force
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on the reticle in the upward vertical direction and apply
a lateral force on the reticle, longitudinally or transver-
sally with respect to the reticle.

7. The end effector of claim 6, wherein at least one pusher
is located on each of at least one pusher fork arm, the at least
one pusher configured to contact and press against a reticle
top surface upon a downwards movement of the end effector,
wherein the first and second fingers are configured to fixate
the reticle against the at least one pusher upon consequent
upwards movement of the end effector.

8. The end effector of claim 7, further comprising:

third and fourth fingers, wherein:

the third and fourth fingers are positionable beyond the
reticle in an upward vertical direction;

the first and second pushers are positionable between
the third and fourth fingers;

the third and fourth fingers are movable in a downward
vertical direction beyond the reticle in the downward
vertical direction, while remaining laterally beyond
the reticle;

following the movement in the downward vertical
direction, the third and fourth fingers are moveable
only laterally toward the reticle; and,

the third and fourth fingers are movable in the upward

vertical direction to apply force on the reticle in the
upward vertical direction.
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9. A method for handling a reticle, comprising the steps
of:

positioning first and second fingers for an end effector
beyond a reticle in an upward vertical direction;

positioning first and second pushers for the end effector
above the reticle in the upward vertical direction and
between the first and second fingers;

moving the first and second fingers in a downward
vertical direction, opposite the upward vertical direc-
tion, while the first and second fingers remain laterally
beyond the reticle;

positioning the first and second fingers beyond the reticle
in the downward vertical direction;

moving the first and second pushers in the downward
vertical direction;

contacting the reticle with the first and second pushers;

moving the first and second fingers in a lateral direction,
longitudinally or transversally with respect to the end
effector;

applying, with the first and second fingers, force on the
reticle in the lateral direction, longitudinally or trans-
versally with respect to the reticle;

moving the first and second fingers in the upward vertical
direction; and,

applying, with the first and second fingers, force on the
reticle in the upward vertical direction.
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