2 METHOD AND DEVI CE FOR CHANG NG THE PO TI ON OF A SEM CONDUCTOR WAFER The
present invention relates to the fields of the manufacture of electronic
conponents, nore especially the manufacture of integrated circuits from
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circuits from substrates or wafers formed from semiconductor materials
such as silicon, more particularly to the mechanical methods and devices
permitting a change of position of at least one semiconductor wafer
provided with at least one positioning mark and placed in a support
intended to house a plurality of semiconductor wafers.

Prior art teaches such methods which consist, more especially, in
gripping the semiconductor wafer by one of its faces in order to change
its position, more especially to move it from one place to another, the
devices which permit these methods to be accomplished, comprising
means which permit the wafer to be gripped by suction in the central
region of one face of said wafer. Independently of the movement of the
wafers from one place to another, the semiconductor wafers are
orientated so as to place their positioning mark in a defined position, the
latter operation possibly consisting, for example, of aligning the
positioning marks of all of the wafers which are intended to be placed or
which are in a common support.

The methods and devices of prior art have the disadvantage of
permitting the semiconductor wafers to be contaminated because they are
gripped by one of their faces which consists of a material very sensitive
to various contaminations, this being the more so if the face comes into
contact with an object. Furthermore, the methods and devices of prior art
take a long time for the displacement and orientation operations of a

semiconductor wafer or wafers to be accomplished, these operations
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placed in a common support, for example moving wafers from one

support to another, aligning the marks for the purpose of respective

identification of the wafers in the support, or simply modifying the

angular position of a semiconductor wafer which is in a support, for the

purpose of placing the marks in a defined position.

The present invention aims to overcome the above disadvantages
and to provide other advantages. One object of the present invention is
to permit a change in position of at least one semiconductor wafer, while
avoiding any contamination, due to gripping the wafer by one of its faces
and furthermore reducing the risks of contamination.

Another object of the present invention is to permit a change in
position of at least one semiconductor wafer, making it possible to
modify the orientation of a wafer simultaneously with another processing
operation, more especially a displacement or a transfer of the wafer.

Another object of the present invention is to save space in a
semiconductor wafer processing station, by avoiding a specific
installation for orientating or aligning the positioning marks of the
wafers.

Another object of the present invention is to permit a plurality of
semiconductor wafers to be gripped and orientated, the orientation of the
wafers being effected in a simultaneous manner and, furthermore,
simultaneously with another operation, more especially a displacement of

the plurality of wafers.
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-  penetrating said support by means of a gripping arm with a first
displacement of said arm in a first spatial direction,

- gripping said at least one semiconductor wafer by the peripheral
part of the latter with a second displacement of said arm in a second
spatial direction,

- orientating said at least one gripped semiconductor wafer so as to
place said positioning mark in a defined position.

Gripping the semiconductor wafer by its peripheral part permits the
contamination of this wafer to be reduced and the contamination due to
gripping the semiconductor wafer by a face to be avoided, and
orientating the wafer when the latter has been gripped permits this
operation to be effected simultaneously with other operations, more
especially a displacement of the wafer. The operation of orientating a
wafer when it has been gripped permits the use of a processing station
specifically for orientating the semiconductor wafers to be dispensed
with, hence saving space for the processing of the wafers.

According to an advantageous feature, the method according to the
invention also comprises the following steps:

- withdrawing said at least one semiconductor wafer from said
support with a third displacement of said gripping arm in said first
direction, opposite said first displacement,

- displacing said at least one semiconductor wafer from one place to

another in space with three directions or dimensions, with displacements
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The nmachi ne does not have nmeans 1Tor orlen
change in position of a plurality of semiconductor wafers provided with

. at least one positioning mark and placed in a support, characterised in

that it comprises the following steps:
- penetrating said support by means of a gripping arm with a first
displacement of said arm in a first spatial direction,
- gripping a plurality of semiconductor wafers by the peripheral part
of said wafers with a second displacement of said arm in a second spatial
direction,
- orientating said gripped semiconductor wafers so as to align said
respective positioning marks of said semiconductor wafers.

According to an advantageous feature, the above method also
comprises the following steps:
- withdrawing said plurality of semiconductor wafers from said
support with a third displacement of said gripping arm in said first
direction, opposite said first displacement,
- displacing said plurality of semiconductor wafers from one place to
another in space with three directions or dimensions, with displacements
of said arm selected from the three spatial directions, said step
comprising orientating said gripped semiconductor wafers so as to align
their respective positioning marks, this occurring simultaneously with the
displacements of said gripping arm.

The invention also relates to a device permitting a change in

position of at least one semiconductor wafer provided with at least one
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- means for gripping said at least one semiconductor wafer by the
peripheral part,

- means for orientating said at least one semiconductor wafer, which
means co-operate with said gripping means in order to place said
positioning mark in a defined position,

said device being characterised in that said displacement means for
displacing said gripping arm comprise means for displacement in three
spatial directions, and in that said gripping means and said orientation
means are disposed on a rigid structure, said gripping means being
distributed over the perimeter of the peripheral part of said at least one
semiconductor wafer. .

According to an advantageous feature, said gripping means
comprise:

- means for gripping a plurality of semiconductor wafers by the
peripheral part,

- means for orientating said gripped semiconductor wafers, which
means co-operate with said gripping means in order to align said
respective positioning marks of said semiconductor wafers.

The invention also relates to an arm for gripping a semiconductor
wafer provided with at least one positioning mark, permitting gripping of
at least one semiconductor wafer placed in a support intended for
housing a plurality of semiconductor wafers, said arm comprising:

- means for gripping said at least one semiconductor wafer by the

peripheral part,
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avoi ding any contami nation, due to gripping the wafer by one of its faces
and furthernore reducing the ri sks of contam nation. Another object of the
present invention is to permt a change in position of at |east one
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being distributed over the perimeter of the peripheral part of said at least
one semiconductor wafer.

According to an advantageous feature, said means comprise at least
three stops provided respectively with a degree of rotational freedom and
distributed around the perimeter of the peripheral part of said at least one
semiconductor wafer, and said orientation means comprise a driving
roller for driving said at least one semiconductor wafer by friction.

According to another advantageous feature, said driving roller is
formed by one of said three stops which is made at least partially
drivable.

According to another advantageous feature, said positioning mark is
a notch placed on the peripheral part of said at least one semiconductor
wafer, and said three stops comprise respectively two adjacent and
rotationally free driven rollers.

According to another advantageous feature, said driven rollers
comprise, respectively, at least one first frustoconical contact surface, in
order to permit said at least one semiconductor wafer to be supported by
means of a peripheral edge thereof.

According to another advantageous feature, a generatrix of said at
least one first frustoconical contact surface forms an angle of between 5°
and 45° with a perpendicular to said at least one semiconductor wafer.

According to another advantageous feature, said driven rollers

comprise, respectively, a second frustoconical surface, the top of which
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More specifically, the invention conpriges a mechani cal method pernmitting a
change in position of at |east one sem conductor wafer provided with at
| east one positioning nark and placed in a support intended to house a
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According to another advantageous feature, said orientation means

comprise a first beam, capable of being cut when said notch is not
opposite said first beam, and a detector which detects that said first beam
has been cut,

According to another advantageous feature, the gripping arm
according to the invention comprises locating means for locating the
position of said at least one semiconductor wafer when it is placed in
said support.

According to another advantageous feature, said marking means
comprise a second beam which co-operates with said first beam and a
characteristic dimension of said at least one semiconductor wafer in
order to permit the position of said at least one semiconductor wafer in
said support to be established.

According to another advantageous feature, said locating means
comprise a third beam which interacts with said first beam or said second
beam and a characteristic dimension of said at least one semiconductor
wafer in order to permit the position of said at least one semiconductor
wafer in said support to be established when said first or second beam is
placed opposite said notch.

According to another advantageous feature, the gripping arm
according to the invention comprises:

- means for gripping a plurality of semiconductor wafers by their

peripheral part,

- ‘This Sheet Has Been Ri

N



Gipping the sem conductor wafer by itsgperipheral part permts the
contam nation of this wafer to be reduced and the contam nation due to
gri pping the sem conductor wafer by a face to be avoi ded, and orientating
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steps: - wi thdrawi ng said at |east one Sem conductor wafer from said
support wi tind ddvandagess pidlc eppehr, 0bn Srdadigg | thel féllewing exatiption’ oF
direction, opposite said first displacenent; - di spl ati ng said at | east

one sem congkarhplesnaife enitedingsifts PbACRetifods, devices and gripping arms
according to the invention, together with the accompanying drawings, the
examples being given by way of illustration and without any restrictive
interpretation of the invention being able to be drawn therefrom.

Figure 1A illustrates, in perspective, one embodiment of a device
according to the invention, permitting the position of at least one
semiconductor wafer to be changed.

Figure 1B illustrates, in perspective, an enlarged detail of Figure
1A.

Figure 2 illustrates, in perspective, a first embodiment of a gripping
arm according to the invention.

Figure 3 is a plan view of the example in Figure 2.

Figure 4 is a side elevational view of the example in Figure 2.

Figure 5 is a side elevational view of a first enlarged detail of the
example in Figure 2.

Figure 6 illustrates a second enlarged detail of the example in
Figure 2, in partial cross-section.

Figure 7 illustrates, in perspective, a second embodiment of a
gripping arm according to the invention;

The device 100 illustrated in Figure 1 A and, partially, in Figure 1B,
permitting a change in position of the semiconductor wafers provided,
respectively, with a positioning mark and placed in a support (not

illustrated) intended to house a plurality of semiconductor wafers,
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another in space with three directionsqygr dinmensions, with displacenents
6 of said armselected fromthe three spatial directions, said step
conprising orientating said at | east one sem conductor wafer so as to place
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means 6 for orientating the semiconductor wafer, which means co-

operate with the gripping means 5 in order to place the positioning mark

in a defined position.

The device 100 comprises a frame 101 onto which fit two .
semiconductor wafer supports (not illustrated). The two supports fit
respectively onto receiving trays (not illustrated), said receiving trays
being placed, for example, beside one another and vertically in line with
the doors 102 and 103, and have wafers superimposed in respective
housings in the support, in a horizontal position. The device 100 permits
semiconductor wafers to be transferred from one support to another while
enabling the respective marks on these wafers to be placed in a defined
position. For this purpose, the gripping means 110 are connected to
displacement means 120, so that they can be displaced in the three spatial
dimensions X, Y and Z, as illustrated in Figure 1A and, partially, in
Figure 1B. _

The gripping means 110 placed opposite a first support, fixed, for
example, vertically in line with the door 103, thus permit the selection of
the semiconductor wafer to be gripped in this support, by means of the Z
displacement, then to enter the support by means of the Y displacement,
to grip the wafer by means of the upward Z displacement without striking
the wafer possibly placed thereabove, to remove the wafer from the
support by means of a reverse Y displacement and to use the X and Z
displacements to position the gripping means 110 opposite the second

support placed vertically in line with the door 102 and the appropriate




direction, - orientating said grippedgsen conductor wafers so as to align
sai d respective positioning marks of said sem conductor wafers. According
to an advant ageous feature, the above rret hod al so conprises the foll ow ng
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Figure 1A permits the wafers in one support to be orientated without
moving them into the other support; to do this, all that is required is to
place the gripping means 110 in a position for gripping a wafer in its
support, 1.e. to place the means 110 beneath the wafer to be gripped, to
grip the wafer by means of the upward Z displacement, without striking
the wafer possibly placed thereabove, to orientate the wafer into the
selected position, before depositing it again in the same housing, and
then to remove the gripping means 110.

Figure 1B shows the gripping means 110 connected to a first part
121 of the displacement means 120, so as to permit the gripping means to
be displaced with a degree of translational freedom in the Z direction.
This first part 121 of the displacement means is connected, with a degree
of translational freedom in the Y direction, to a second part 122 of the
displacement means 120, said second part itself being connected, with a

| degree of translational freedom in the X direction, to the frame 101 of the
device 100, as illustrated in Figure 1A.

According to an alternative, not illustrated, the gripping means may
comprise means for gripping a plurality of semiconductor wafers by their
peripheral part and means for orientating the gripped semiconductor
wafers, which means co-operate with the gripping means in order to align
the respective positioning marks of said semiconductor wafers. This

alternative may be obtained, on the device 100 illustrated, by replacing
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position of at |east one sem conduct or 1\#afer provided with at | east one
positioning mark and placed in a support” intended to house a plurality of
sem conductor wafers, said device conprising a gripping armfor
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Figure 1A and, partially, in Figure 1B.
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The gripping arm 1 illustrated in Figures 2 to 4 makes it possible to
grip a semiconductor wafer 2, in the form of a disk, placed in a support
(not illustrated) intended to house a plurality of similar semiconductor
wafers. The semiconductor wafers 2 are respectively provided with a
positioning mark 3 which is substantially in the form of a notch 3 formed
on the peripheral part 4 of the wafer 2. The surface formed by the end
face of the semiconductor wafer 2, including the two end edgés of this
surface, is called the peripheral part 4 of the wafer. This surface formed
by the end face may, for example, be cylindrical or it may have
substantially the shape of an external circular half-torus. The peripheral
part of the wafer may, alternatively, comprise the upper and lower
annular surfaces of the ends of the wafer, in the form of a thin crown. -

The gripping arm 1 illustrated in Figures 2 to 4 comprises means 5
for gripping the semiconductor wafer 2 by its peripheral part 4 and means
6 for orientating the semiconductor wafer 2, which means co-operate
with the gripping means 5 in order to place the positioning mark 3 in a
defined position, as will be explained later.

The gripping means 5 and orientation means 6 are disposed on a
rigid structure 7, permitting it to be inserted, at least partially, between
two successive wafers placed in a support, for example as illustrated in
Figure 4 between wafers 2 and 2B illustrated by the dot-dash lines. The
upper wafer 2A, in dot-dash lines, represents the semiconductor wafer

placed in the support (not illustrated) and which is not to be struck when
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structure, said gripping neans being digjributed over the perineter of the
peripheral part of said at | east one sem conductor wafer, and in that said
means for displacing said gripping armconprise neans for displacenent in
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The rigid structure 7 may, for example, be in the form of a U-shaped
profile, at the base of which there are two of the three stops 8, the third
stop 8 being disposed on one branch 10 of the U and the driving roller 9
being disposed on the other branch 11 of the U, as illustrated in Figure 3.
A reinforcing bar 12 may connect the branches of the U at mid-height, as
illustrated in Figure 3. The shape of the rigid structure 7 may vary
widely, said structure having to be able to be partly inserted between two
successive wafers so that the gripping means 5 can grip a wafer by its
peripheral part. The rigid structure must also permit the gripped wafer to
be orientated without excessive deformation of the thin end part which
has to be inserted between two wafers. In order to obtain a high-
performance gripping arm, a structure 7 offering excellent strength for
minimum weight will be selected. The branches 10 and 11 of the U,
which are intended to be able to penetrate between two successive
wafers, may advantageously be made of a metallic material, and the parts
12 and 13 joining the branches, as well as the ends 14 and 15 of the
branches of the U which do not penetrate between the semiconductor
wafers, may be made of a rigid plastics material.

The friction driving roller 9 has a friction driving band capable of
acting on the peripheral part of the semiconductor wafer 2 in order to
drive the latter in an angular displacement, preferably by adhesion to at
least a part or the whole of a generatrix of the surface which forms the

peripheral part 4 of the wafer 2, in order to obtain a good coefficient of
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arm conprises: - means for gripping ggid at | east one sem conductor wafer
by the peripheral part, 8 - nmeans for orientating said at | east one
sem conduct or wafer, which neans co-operate with said gripping neans in
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order of 70 to 80, mounted on a drive wheel 26, as illustrated in Figure 6.
The 0-ring 25 will preferably be machined in order to have a cylindrical
driving surface.
The driving roller 9 is rotationally driven by a motor 20 placed on a
rigid part of the arm, for example on the reinforcing bar 12, as illustrated
in Figures 2 to 4. Transmission of the rotational motion between the
motor 20 and the roller 9 may be effected by a belt, gears or similar
means.
Alternatively, the driving roller may comprise one of the three stops
8, which would then be made at least partially drivable. In this case (not
illustrated), the drivable stop fulfils the function of permitting angular
displacement of the semiconductor wafer, a rotation in the case
illustrated, and the function of participating, in conjunction with the
other two stops, in gripping the semiconductor wafer and ensuring that
the latter is in static equilibrium. The stop 8 made drivable must have an
appropriate driving band, for example as described above for the driving
roller 9;
The three stops 8 advantageously and respectively comprise two
adjacent and rotationally free driven rollers 8A and 8B, as illustrated in
Figure 3. This is in order to prevent the notch 3, constituting the
positioning mark of the wafer 2, from disturbing the driving function of
the driving roller or the static equilibrium of the wafer when the notch 3
passes at the level of a stop 8 while the wafer is being rotated, or when
the notch is opposite a stop 8 when the wafer is gripped in the support

(not illustrated). The driven rollers are positioned so that their respective
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di stributed around the perineter of th Speri pheral part of said at |east
one sem conductor wafer, and said orientation nmeans conprise a drivin

roller for
According t

driving said at | east one sem conductor wafer by friction.
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8A or 8B would be made drivable, the other being driven.

In the example illustrated, the rotational axes of the driven rollers
8A and 8B and of the driving roller 9 are perpendicular to the horizontal
plane defined by the semiconductor wafer 2. However, it is conceivable
for the axes to have another direction, depending on the contact profile of
the rollers on the wafer, so that these rollers do not come into contact
with one or other of the faces of the semiconductor wafer.

One driven roller 8A or 8B, as illustrated in Figure 5,
advantageously has a first frustoconical contact surface 16, in order to
permit contact with the semiconductor wafer 2 by means of a peripheral
edge 17 thereof. In Figure 5, the roller 8A or 8B is illustrated in side
view, and it is designed to grip a wafer placed substantially or exactly
horizontally. Advantageously, a generatrix of the first frustoconical
contact surface 16 forms an angle o of between 5° and 45° with a
perpendicular to the semiconductor wafer 2. Advantageously, a driven
roller 8A or 8B has a second frustoconical surface 18, the top 19 of
which is connected to the base of the first frustoconical surface 16, and
the generatrix of which forms an angle with a perpendicular to the
semiconductor wafer 2 greater than the angle o of the generatrix of the
first frustoconical surface 16. Alternatively, the top 19 of the second
frustoconical surface 18 of each stop 8A, 8B may have a horizontal

annular planar surface (not illustrated) adopting the shape of a crown of
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| east one first frustoconical contact s%face forns an angle of between
5[err] and 45[err] with a perpendicular”to said at |east one sem conductor
waf er. Accordi ng to another advantageous feature, said driven rollers

comnect o 1 SbrsEL e RadR; b b BieCRa e HolR g SN ghBigfied’ 5" ' ©

generatri x ffimo?j\c;arf Aan angle with a perpendicular to said at |east
one sem conductor f%eater than the angle of the generatrix of said
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that said firs
example first and second revolving surfaces formed by a curved

generatrix, giving rise, for example, to concave, convex or other surfaces.

The height of the first frustoconical contact surface 16 will be
defined in accordance with the height available between two successive
wafers, the inclination of the generatrix of the surface 16 depending on
angle o, and the precision of the position of the gripping arm relative to a
wafer prior to its being gripped, so that the gripped wafer is preferably
supported on the first frustoconical surfaces 16, or on the first and second
frustoconical surfaces 18 of the driven rollers 8A and 8B. For example,
for a given height of the first frustoconical surface 16, depending on the
space available between two successive wafers on the wafer support, the
length of the horizontal projection of the generatrix of the first
frustoconical surface must be greater than or equal to the possible radial
error in the position of the arm relative to the semiconductor wafer.

Preferably, the driven rollers 8A and 8B will be made of a rigid
plastics material and will have a low rotational inertia in order to be
easily rotationally driven, by friction, by the semiconductor wafer. For
this purpose, the rollers 8A and 8B will preferably be mounted on the
structure 7 by means of bearings (not illustrated).

It should be noted that the driven rollers 8A and 8B illustrated in
Figures 2 to 5 are designed to permit a wafer disposed horizontally to be
gripped, as was mentioned above. It is also conceivable to grip a wafer
placed in another position, for example vertically. In this case, the rollers

must include means which prevent the wafer from escaping from the
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has been cut. According to another advapfageous feature, the gripping arm
according to the invention conprises |ocating means for locating the .
position of said at | east one sem conductor wafer when it is placed in said
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second beam
to cross the third frustoconical surface and to move towards the movable

stop until it comes into contact with the end face of the wafer, in order to
permit the wafer only a degree of rotational freedom.

The means 6 for orientating the gripping arm which is illustrated in
Figures 2 to 4 advantageously comprise a first beam 21, capable of being
cut when the notch 3 of the wafer 2 is not opposite the beam 21, and a
detector 23, which detects that said first beam 21 has been cut. The beam
21 may, for example, be a light beam, preferably vertical, emitted by a
light-emitting diode 22, and the detector may be a photosensitive cell 23
placed opposite the emitting diode. The beam 21 will be placed in such a
way that, during angular displacement of the wafer 2 due to the effect of
the driving roller 9, the notch 3 can let the beam 21 through to reach the
photosensitive cell 23, the beam 21 being, in the opposite case, cut by the
wafer 2. When the position of the notch 3 has been located by the beam
21 falling on the photosensitive cell 23, the wafer 2 is orientated by the
driving roller 9 by the desired angle in order to place the mark 3 in a
defined position. The operation of at least the roller 9 and the
photosensitive cell 23 will advantageously be controlled and checked by
a central unit (not illustrated), advantageously automated depending on
the operations to be performed.

The gripping arm illustrated in Figures 2 to 4 advantageously

comprises means 21, 24 for locating the position of the semiconductor

wafer 2 when it is placed in a support (not illustrated). The locating
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pl aced opposite said notch. According tyg another advantageous feature, the
gripping armaccording to the invention conprises: - means for gripping a
plurality of sem conductor wafers by their peripheral part, 10 - nmeans
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wafer 2 to be gripped, for example by means of two beams 21 and 24

placed on the structure 7 of the arm and defining, respectively, the two
points on a horizontal plane, as illustrated in Figure 3, in the plane of the
sheet. The beam 24 may, for example, be a light beam emitted by a light-
emitting diode, and the detector may be a photosensitive cell placed
opposite the emitting diode. The locating means advantageously
comprise the first vertical beam 21 and the second vertical beam 24
which co-operates with the first beam and a characteristic dimension of
the semiconductor wafer 2, in the example the external diameter of the
wafer, in order to permit the position of the semiconductor wafer in the
support (not illustrated) in a horizontal plane to be established.

The two points on the peripheral part 4 of the wafer 2 are located
during small approach displacements of the arm having the beams 21 and
24, for the purpose of appropriate positioning to grip the wafer. The two
separate beams 21 and 24 permit the chord of an arc of the circular
peripheral part of the wafer 2 to be located as soon as the beams are cut
by the peripheral part of the wafer, which chord, combined with knowing
the diameter of this circular part of the wafer, permits the position of the
wafer to be determined and the arm to be placed in an appropriate
relative position for the purpose of gripping the wafer between the stops
8, as explained above.

It should be noted that the first beam 21, used in the context of the
means for orientating the wafer, is also advantageously used in the

context of the locating means, in order to simplify the gripping arm.
SR OF TIe foterng me
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according to the invention, together wgh the acconpanyi ng draw ngs, the
exanpl es being given by way of illustration and wthout any restrictive
interpretation of the invention being able to be drawn therefrom Figure 1A

i |1 ustrat e%1térﬁaﬁ%§gﬁfﬁg%c&ﬂ$ed§5@g§@§9@t ud 8o dRphERe Meaidiraodle the

I nvention, permtti posit east one Sem con rto

be changed ' [ J éﬁfe% ' n enl arged detail of
Figure 1A © |égma%@3}%%ﬂgséf{§iaﬁﬁﬁlaﬁh eI{rigpec [ Vi/)gt,{ﬁ‘éelsf rst enbodi ment of a

gripping arm a%‘?&gﬂaﬁ%ﬁg@ ah@eaaomﬁgé%lg':itﬁyrlﬁcétibé RAeBh&tothfMs@fa the
exanple in Figure 2. Figure 4 1s a Side I'evatlona view of t exanple in
Fioure 2. i iedni(Bof itiftfateliR SAhIaNEL-ofeiteg wRth the irseHelnflod gietall of
the exanple In Figure 2. Figure”6 Illustrates a second enl arged detail of

the exanpl ¢hé Becond beam 24 and a characteristic dimension of the semiconductor
wafer, its external diameter in the example, in order to permit the
position of the semiconductor wafer in its support to be established when
the first or second beam is placed opposite the notch serving as a
positioning mark. For this purpose, the third beam will be placed at any
position which permits the chord of an arc of the peripheral part of the
wafer to be obtained, in combination with that of the first or second beam
which is not placed opposite the notch, and permits the configuration of
two points of a chord of an arc of the peripheral part of the wafer to be
regained. In fact, the notch generally penetrates into the wafer to a not-
insignificant depth, and could consequently lead to an erroneous
measurement of the arc, and hence of the position of the wafer. The third
beam makes it possible to ensure that at least two beams will not be
opposite the notch, in 6rder to obtain a chord. The third beam may be
produced in a similar manner to the first two.

; The operation of the gripping arm illustrated in Figures 2 to 4 is as
follows: the arm is introduced into a support containing semiconductor
wafers, the position of which it is desired to modify, for example as
described above with the aid of Figures 1A and 1B. The approach of the
arm beneath a wafer is accomplished by means of the locating means, as
also described above, so that the arm is placed in a position such that an
upward displacement of the latter results in the wafer being gripped
between the rollers 8A and 8B of the arm. The wafer must, while it is

gripped, rest on at least the first frustoconical surfaces 16 of a part of the
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Figure 2, in partial cross-section. Figyje 7 illustrates, in perspective, a
second enbodi nent of a gripping armaccording to the invention; The device
100 illustrated in Figure 1A and, partially, in Figure 1B, permtting a
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edge 17, as 111.ustrated in Fxgure 5. Then, the wafer is displaced angularly

by the driving roller 9 until the notch 3 passes over the beam 21,
permitting the 23 to be actuated and thereby the angular position of the

wafer to be located, the wafer then being rotated relative to this position

in order to place the wafer in the defined position. During rotation of the

wafer, the latter is supported on the first frustoconical surfaces 16 of a

part of the rollers 8A, 8B. When the desired position is reached, the

wafer is put down again in the support, as described above.

The gripping arm illustrated in Figure 7 comprises means for
gripping a plurality of semiconductor wafers 2 by their peripheral part
and means for orientating the gripped semiconductor wafers, which
means co-operate with the gripping means in order to align the respective
positioning marks of the semiconductor wafers gripped by the arm. The
gripping means comprise a plurality of partial structures 7, which are
capable of being respectively inserted into the free spaces between
semiconductor wafers of a support (not illustrated), and they are
connected by a common rigid support 30, as illustrated. Each structure
carries a driving roller for rotating the wafer which this structure is
intended to support, three stops 8 for supporting this wafer, and two
beams 21 and 24, as described previously for a structure 7. The arm
illustrated in Figure 7 makes it possible to grip, advantageously
simultaneously, a plurality of wafers 2 placed in a support and to
orientate, advantageously simultaneously, these wafers so as to place

them in a defined position, for example so as to align their notches 3.
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operate with the gripping means 5 in orger to place the positioning mark in
a defined position. The device 100 conprises a frame 101 onto which fit two
sem conduct or wafer supports (not illustrated). The two supports fit

el e _ ol ¢ 1 : c O a
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in the support, 1n a horizontal position. The device 100 permts
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di spl acenent means 120, so that they can be disp “three spati al
Figurs 16 The T oor SUPTES, 1 AIPAIL] Thonee, IAlind LLbBMe e,
for position of one or more semiconductor wafers provided with a notch and
A placed in a support intended to house a plurality of semiconductor
' wafers, consisting in gripping the semiconductor wafer or wafers by its
or their peripheral part and orientating the semiconductor wafer or wafers
in order to place its or their notch (or notches) in a defined position.
Such a method may, for example, be implemented by a device according
to the invention, as described above, permitting, more especially, an
alignment of the notches of the semiconductor wafers placed in a support
without removing these wafers from their support.
A second example of the method according to the invention consists
in moving the semiconductor wafer or wafers from one place to another
and simultaneously orientating it or them so as to place its or their notch
(or notches) in a defined position, for example so as to align the notches.
Such a method may, for example, be implemented by a device for

transferring wafers, as described above.
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exanple, vertically inline with the d 103, thus permt the selection of
the sem conductor wafer to be gripped i this support, by means of the Z

di spl acenent, then to enter the support by neans o

grip the wafer by nmeans of the upward Z di spl acerre”"l[ mm"ﬂﬂmﬂmﬁg the
waf er possi bly placed thereabove, to renove the wafe&r ¢rom tthessupport
means of a reverse Y displ acenent angh@lﬁiﬁe the X and Z di spl acenents to
position the gripping neans 110 oppoSi e second support placed

vertically in line with the door 102 and the appropriate 12 housing in
this support for the gripped wafer. During these displacenents, the

seni conduct gr "‘M@crh[a?f’ﬁéah AIURY BIAAKENY 2 RBaREE ‘?Htﬁés‘?ﬂoh'bfaatdfefasp%ﬁe

pOSItIOI’] for exa e SO
semiconductor wafer (2) provided with at least one positioning mark (3)

and placed in a support intended to house a plurality of semiconductor
. wafers, characterised in that it comprises the following steps:

- penetrating said support by means of a gripping arm (1) with a first
displacement of said arm in a first spatial direction (Y),

- gripping said at least one semiconductor wafer by the peripheral
part (4) of the latter with a second displacement of said arm in a second
spatial direction (Z),

- orientating said at least one gripped semiconductor wafer so as to

place said positioning mark in a defined position.

2.  Method according to claim 1, characterised in that it also comprises
the following steps:

- withdrawing said at least one semiconductor wafer from said
support with a third displacement of said gripping arm (1) in said first
direction (Y), opposite said first displacement,

- displacing said at least one semiconductor wafer (2) from one place
to another in space with three directions or dimensions (X, Y, Z), with
displacements of said arm selected from the three spatial directions (X,
Y, Z), said step comprising orientating said at least one semiconductor
wafer so as to place said positioning mark (3) in a defined position, this

occurring simultaneously with the displacements of said gripping arm.
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- gripping a plurality of semiconductor wafers by the peripheral part

(4) of said wafers with a second displacement of said arm in a second

spatial direction (Z),

- orientating said gripped semiconductor wafers so as to align said

respective positioning marks of said semiconductor wafers.

4. Method according to claim 3, characterised in that it also comprises
the following steps:

- withdrawing said plurality of semiconductor wafers (2) from said
support with a third displacement of said gripping arm in said first
direction (Y), opposite said first displacement,

- displacing said plurality of semiconductor wafers from one place to
another in space with three directions or dimensions (X, Y, Z), with
displacements of said arm selected from the three spatial directions (X,
Y, Z), said step comprising orientating said gripped semiconductor
wafers so as to align their respective positioning marks, this occurring

simultaneously with the displacements of said gripping arm.

5. Device permitting a change in position of at least one
semiconductor wafer (2) provided with at least one positioning mark (3)
and placed in a support intended to house a plurality of semiconductor

wafers, said device comprising a gripping arm for gripping said at least
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- means for orientating said at least one semiconductor wafer, which

means co-operate with said gripping means in order to place said

. positioning mark in a defined position,

said device being characterised in that said displacement means (120) for
displacing said gripping arm (1) comprise means for displacement in
three spatial directions (X, Y, Z), and in that said gripping means (5) and
said orientation means (6) are disposed on a rigid structure (7), said
gripping means being distributed over the perimeter of the peripheral part

of said at least one semiconductor wafer.

6. Device according to claim 5, characterised in that said gripping arm

comprises:

- means for gripping a plurality of semiconductor wafers (2) by the

peripheral part,

- means for orientating said gripped semiconductor wafers, which
. means co-operate with said gripping means in order to align said

respective positioning marks of said semiconductor wafers.

7. Arm for gripping a semiconductor wafer (2} provided with at least
one positioning mark (3), permitting gripping of at least one
semiconductor wafer placed in a support intended for housing a plurality
of semiconductor wafers, said arm comprising;:

- means for gripping said at least one semiconductor wafer by the

peripheral pat
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at least one semiconductor wafer.
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8.  Gripping arm according to claim 7, characterised in that said
gripping means comprise at least three stops (8) provided respectively
with a degree of rotational freedom and distributed around the perimeter
of the peripheral part (4) of said at least one semiconductor wafer (2),
and in that said orientation means comprise a driving roller (9) for

driving said at least one semiconductor wafer by friction.

9.  Gripping arm according to claim 8, characterised in that said driving
roller (9) is formed by one of said three stops (8) which is made at least
partially drivable.

10. Gripping arm according to claim 8 or 9, characterised in that said
- positioning mark is a notch (3) placed on the peripheral part (4) of said at
least one semiconductor wafer (2), and in that said three stops (8)

comprise respectively two adjacent and rotationally free driven rollers
(8A, 8B).

11. Gripping arm according to claim 10, characterised in that said

driven rollers (8) comprise, respectively, at least one first frustoconical
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The gripping arm1 illustrated in Fi gur ﬂmﬂmuﬁﬂﬂﬂmﬁns 5 for
gripping the sem conductor wafer 2 by | per d neans 6 for
orientating the sem conductor wafer 2, Whl ch ntans c¢o-8petate with the
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exanple as illustrated in Figure 4 between wafers 2 and 2B illustrated by
the dot-dash lines. The upper wafer 2A, in dot-dash Iines, represents the
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generatrix of said at least first frustoconical contact surface forms an

angle (o) of between 5° and 45° with a perpendicular to said at least one

semiconductor wafer (2).

LAY

13. Gripping arm according to claim 12, characterised in that said
driven rollers (8) comprise, respectively, a second frustoconical surface
(18), the top (19) of which is connected to the base of said first
frustoconical surface (16), and the generatrix of which forms an angle
with a perpendicular to said at least one semiconductor wafer (2) which
is greater than the angle (a) of the generatrix of said first frustoconical

surface.

14.  Gripping arm according to any one of claims 10 to 13,
characterised in that said orientation means (6) comprise a first beam
(21), capable of being cut when said notch (3) is not opposite said first

beam, and a detector (23) which detects that said first beam has been cut.

4 £9 ¢

15. Gripping arm according to any one of claims 7 to 14, characterised
in that it comprises marking means (21, 24) for marking the position of
said at least one semiconductor wafer (2) when it is placed in said

support.

16. Gripping arm according to claims 14 and 15, characterised in that

said marking means comprise a second beam (24) which co-operates
S

< Sheet Has Been Rep laced

T, \ll\



the wafer 2 is gripped. Advantageously,,the gumﬂuml rise three
stops 8, provided respectively with a degree tmﬁu‘ﬂ"mggdom and
di stributed around the perineter of the periphtrd partt 43of* the wafer 2,

friction. THAL saROEEFE Bead (PIPRAG % Relitls Hipbostin, OF S4hcee 55 Bpe;, * ™
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Figure 3. Areintorcing y con ranchées of the U at
m d-height, as illustrated in Figure 3. The shape of the rigid structure 7
may vary wi dely, said structure having to be able to be partly inserted
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with said first beam (21) or said second beam (24) and a feature
é dimension of said at least one semiconductor wafer (2) in order to permit
the position of said at least one semiconductor wafer in said support to be

established when said first or second beam is placed opposite said notch

3).

18. Gripping arm according to any one of claims 7 to 17, characterised
in that it comprises:

- means for gripping a plurality of semiconductor wafers (2) by the
peripheral part,

- means for orientating said gripped semiconductor wafers, which
means co-operate with said gripping means in order to align said

respective positioning marks (3) of said semiconductor wafers.
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has to be inserted between two wafers.#gﬂ order to obtain a high-
performance gripping arm a structure of fering excellent strength for
m ni nrum wei ght will be selected. The branches 10 and 11 of the U, which are

i ntended to be able to penetrate bemSuccessi ve wafers, may
advant ageously be nmade of a netalli , and the parts 12 and 13

joining the branches, as well as the ends 14 and 15 of the branches of the
U which do not penetrate between the sem conductor wafers, nay be nade of a

(r Pving band cavmisrergyal efdd BRhREGl haRel h stiol W & Laf sliucior
by adnesi onoraraidbsstl WRRARY Bl ifisd B TP Yne S RHBRRE mrantl 7 2o
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wafers, comprising the following steps:
- penetrating the support by means of a gripping arm (1) with a first

displacement of the arm in a first spatial direction (Y),

,-.
B Lope -

- gripping the semiconductor wafer by its peripheral part (4) with a
second displacement of the arm in a second spatial direction (Z),

- orientating the gripped wafer so as to place the positioning mark in
a defined position.

Device permitting a change in position of a semiconductor wafer (2)
provided with a positioning mark (3) and placed in a support intended to
house a plurality of semiconductor wafers, the device comprising an arm
for gripping the wafer and means for displacing the arm, the latter
comprising:

- means for gripping the semiconductor wafer by the peripheral part,
- means for orientating the wafer, which means co-operate with the

gripping means in order to place the positioning mark in a defined

i b

¥ position,

the displacement means (120) of the gripping arm (1) comprising means
for displacement in three spatial directions (X, Y, Z), the gripping means
(5) and the orientation means (6) being disposed on a rigid structure (7),
the gripping means being distributed over the perimeter of the peripheral

part of the semiconductor wafer.

Fig. 2
This Sheet Has Been Replaced
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15 adhesion. The driving band 27 of the roller 9 may, for exanple, be
formed by neans of an O-ring 25 nade of2% resilient material, preferably a
hard resilient material, for exanple one having a Shore hardness in the
order of 70 to 80, nounted on a drive wheel 26, as illustrated in Figure 6.
The O-ring 25 will preferably be magBSTRIAQT order to have a cylindrical
driving surface. The driving roller 9 1s rotationally driven by a notor 20
pl aced on a rigid part of the arm for exanple on the reinforcing bar 12,
as illustrated in Figures 2 to 4. Transm ssion of the rotational notion

bet ween the nmot MecHanical mbthodbeanitéingey chengé fingiesitibn of dreldast opers or

simlar neans. Alternatively, the driving roller nay conprise one of the

three st opssémiodricictopwafet (Enphevidedevith at desst gy positioniny nvarkl ) 1 n

this case (not
and placed in a support intended to house a plurality of semiconductor

wafers, comprising the following steps:

- penetrating the support by means of a gripping arm (1) with a first
displacement of the arm in a first spatial direction (Y),

- gripping the semiconductor wafer by its peripheral part (4) with a
second displacement of the arm in a second spatial direction (Z),

- orientating the gripped wafer so as to place the positioning mark in
a defined position.

Device permitting a change in posiﬁon of a semiconductor wafer (2)
provided with a positioning mark (3) and placed in a support intended to
house a plurality of semiconductor wafers, the device comprising an arm
for gripping the wafer and means for displacing the arm, the latter
comprising:

- means for gripping the semiconductor wafer by the peripheral part,
- means for orientating the wafer, which means co-operate with the

gripping means in order to place the positioning mark in a defined

o

position,

. the displacement means (120) of the gripping arm (1) comprising means
for displacement in three spatial directions (X, Y, Z), the gripping means
(5) and the orientation means (6) being disposed on a rigid structure (7),
the gripping means being distributed over the perimeter of the peripheral

part of the semiconductor wafer.

Fig. 2



illustrated), the drivable stop fulfils the function of permtting angul ar
di spl acement of the sem conductor wafer,”a rotation in the case
illustrated, and the function of participating, in conjunction with the

other two sto nd..ensyr.i t hat the
latter is in ﬁﬁ%ﬁq&%&ﬁﬁhﬁﬁﬁﬁ@&%@ﬁﬂmg b Cﬁg\fé an
appropriate driving band, r bove for the driving
roller 9. The three stops 8 §&ﬁéﬁ5§8§@ﬁ§3§8§%§b ctively conprise two
adj acent and rotationally free driven rollers 8A and 8B, as illustrated in
Figure 3. This is in order to prevent t he notch 3, constituting t he

positioning mark.of the wafer m di st ur bi rivin ctio
the driving rol héhe Prese gtvz?ﬁt‘@ne AtespiQ gl%;ﬁénqul ﬁ/vg?eetm CB'H'S A tch 3
passes at t | eve] of a sto

8 whil th f b a.t wh
Phe not oh | SlepBERIc, omRansHte MR 5%059&?%? I wiegrag% o

(not |IIustrated% The driven rollers ds t|oned .S0 at %
respective CIIculls from substrates or wafers o om seémiconductor materials

. such as silicon, more particularly to the mechanical methods and devices
permitting a change of position of at least one semiconductor wafer
provided with at least one positioning mark and placed in a support
intended to house a plurality of semiconductor wafers.

Prior art teaches such methods which consist, more especially, in
gripping the semiconductor wafer by one of its faces in order to change
its position, more especially to move it from one place to another, the
devices which permit these methods to be accomplished, comprising
means Whicn permit the wafer to be gripped by suction in the central
region of one face of said wafer. Independently of the movement of the
wafers from one place to another, the semiconductor wafers are
orientated so as to place their positioning mark in a defined position, the
latter operation possibly consisting, for example, of aligning the
positioning marks of all of the wafers which are intended to be placed or
which are in a common support.

. . The methods and devices of prior art have the disadvantage of
permitting the semiconductor wafers to be contaminated because they are
gripped by one of their faces which consists of a material very sensitive
to various contaminations, this being the more so if the face comes into
contact with an object. Furthermore, the methods and devices of prior art
take a long time for the displacement and orientation operations of a

semiconductor wafer or wafers to be accomplished, these operations



16 surfaces in contact with the wafer 2_are tangential to the surface of
the end face of the wafer. Thus, if thednotch 3 is opposite one of the
three stops 8A or 8B, the adjacent stop, 8B or 8A respectively, will ensure

that the wafer is in static and dynam c_equiljbriu In the case nenti d
bbove, of |oheingr menagsd speepeIanY, tRURELH ICPRINELO INGFTAOCTNEAITEI | o <
8A or 8B woyld be made drivable, the other being.driven. In the gxarrple

i 1 1 ust r at edfortthe semigongngioravaters,rand; e&?ﬁ%“éﬁ"?‘éﬁ ERIOSESSNRE C@85and of the

serm conduct or | vherdotumBab i 5, 12,281 deeasyan e PRIHES SRamanndye
vafer so tABd 4 Meadhing | iasr GGREHDE & oRHooR B EsraiGEed I a sUpport by | °
gripping it by its peripheral part in order to minimise possible
contamination to which it could be subject by direct contact with its
B faces. The wafers are gripped one by one between two gripping arms
which are displaceable relative to each other along an upright, and which
are brought close to each other according to the displaceable guidance
direction until the two arms come to press against the peripheral part of
the wafer to be gripped by means of four pressure rollers which raise the
wafer before the rollers come into contact with the peripheral part of the
latter, the gripped silicon wafer being able to be to be rotationally
orientated into a particular position relative to the support by means of
pressure rollers which turn in the plane of the wafer and of which at least
one may be motorised. The machine also permits a displacement of the
gripped wafer limited to one upright by virtue of the two gripping arms.
Detection of the desired orientation of the wafer may be effected by a
mechanical sensor means, an electrical optical system or some other
means. For wafers provided with a notch, the document specifies a
spindle smaller than the notch which would penetrate the notch when the
- wafer is in the desired position. .

The document US 5,445,486 is also known, which relates to a
machine for transferring silicon wafers from one support to another, by
means of a gripping arm inserted between the wafers in a support, the
arm gripping one or more wafers by the peripheral part of their lower
surface. The machine does not have a means for orientating the

transferred wafers.



with one or other of the faces of the sem conductor wafer. One driven
roller 8A or 8B, as illustrated in Fidgure 5, advantageously has a first
frustoconical contact surface 16, in order to pernmt contact with the

sem conductor wafer 2 by neans of a peripheral edge 17 thereof. In Figure
5 the roller 8A or 8Bis illustrated in side view, and it is designed to
grip a wafer placed substantially or exactly horizontally. Advantageously,

a generatrix of Thee $emitontuctdrocwateral proeessiag Wﬁimdmnfa?f nbe anllangl e
[err] of between 5[err] and 45[err] with a perpendicular to fthe

seni conduct proeessing fequidingna ahangs lof pasition \(frorteosdraicotdiuetorSwalias aa
second frustoconical surface 18, the top 19 of which is connected to the

base of t hepluraity f ofisemioondadtos wifere drballaofl thoesepeicondiicior ofafeky ch
forms an angle with a perpendicular to the sem conductor wafer 2 greater

than the anplaced af &heomaror supperyf forheximpdé thovitgoopafees! frony foree 16.

Alternatively, the top 19 of the second frustoconical surface 18 of each

stop 8A, 8Bshpportatee amaither, zaligring the marks for the purpose of respective
identification of the wafers in the support, or simply modifying the
angular position of a semiconductor wafer which is in a support, for the
purpose of placing the marks in a defined position.

The present invention aims to overcome the above disadvantages
and to provide other advantages. One object of the present invention is
to permit a change in position of at least one semiconductor wafer, while
avoiding any contamination, due to gripping the wafer by one of its faces
and furthermore reducing the risks of contamination.

Another object of the present invention is to permit a change in
position of at least one semiconductor wafer, making it possible to
modify the orientation of a wafer simultaneously with another processing
operation, more especially a displacement or a transfer of the wafer.

Another object of the present invention is to save space in a
semiconductor wafer processing station, by avoiding a specific
installation for orientating or aligning the positioning marks of the

e wafers.

Another object of the present invention is to permit a plurality of
semiconductor wafers to be gripped and orientated, the orientation of the
wafers being effected in a simultaneous manner and, furthermore,
simultaneously with another operation, more especially a displacement of

the plurality of wafers.



annul ar planar surface (not illustrated) adopting the shape of a crown of
17 smal |l radial thickness, which permtg the wafer to rest on the annul ar
end of its lower surface. It should be noted that other types of revolving
surfaces may be adopted in place of the frustoconical surfaces 16 and 18

descri bed, for M@f@|$e&iﬂ<§éllsya“@1e5ﬁ%?ﬁxdrﬁ\é%hlﬁﬁ§bssﬂrxfnééﬁéni&:ﬁl RetHod 2

curved generatri x, giving ri for exarrp e, t'o concave, convex or other

surfaces. Therfeftip aOf:hhfigefmr %bsiftfdiﬁfdfcéﬂ'léﬁt SR iRedicoHahewe wafy || be

defined in accordance with™the hei ght avail abl e between two successive

waf ers, the progidedatyign £f [dale diren b@ﬁfdrﬁn fmifle &g d16n derepofg on
angle [err], and the precision of the posi |on of the gripping a relative
to a intended to house a plurality of semiconductor wafers, characterised in
that it comprises the following steps: |
- penetrating said support by means of a gripping arm with a first
- displacement of said arm in a first spatial direction,
- gripping said at least one semiconductor wafer by the peripheral
part of the latter with a second displacement of said arm in a second
spatial direction,
- orientating said at least one gripped semiconductor wafer so as to
place said positioning mark in a defined pdsition.

Gripping the semiconductor wafer by its peripheral part permits the
contamination of this wafer to be reduced and the contamination due to
gripping the semiconductor wafer by a face to be avoided, and
orientating the wafer when the latter has been gripped permits this
operation to be effected simultaneously with other operations, more
especially a displacement of the wafer. The operation of orientating a
wafer when it has been gripped permits the use of a processing station
specifically for orientating the semiconductor wafers to be dispensed
with, hence saving space for the processing of the wafers.

e According to an advantageous feature, the method according to the
invention also comprises the following steps:
- withdrawing said at least one semiconductor wafer from said
support with a third displacement of said gripping arm in said first
direction, opposite said first displacement,
- displacing said at least one semiconductor wafer from one place to

another in space with three directions or dimensions, with displacements



wafer prior to its being gripped, so th%t the gripped wafer is preferably
supported on the first frustoconical surfaces 16, or on the first and
second frustoconical surfaces 18 of the driven rollers 8A and 8B. For

I e vt RS R I
SuPpOr ¢ AR eo U A LERCP R0 56 L Ac ol e ABBREALS B e
120l erronuhd, LURAPOSIANag! s, SHDE SUAHAP SRS SHRLCGRURIRY
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the driven r : Billustrated in Figures 2 to 5 are designed to
permt a vvaflg%lgtﬁé%%? oer%i'zont ally to be

- penetrating said support by means of a gripping arm with a first

N

displacement of said arm in a first spatial direction,
- gripping a plurality of semiconductor wafers by the peripheral part
of said wafers with a second displacement of said arm in a second spatial
direction,
- orientating said gripped semiconductor wafers so as to align said
respective positioning marks of said semiconductor wafers.

According to an advantageous feature, the above method also
comprises the following steps: ’
- withdrawing said plurality of semiconductor wafers from said
support with a third displacement of said gripping arm in said first
direction, opposite said first displacement, |
- displacing said plurality of semiconductor wafers from one place to
another in space with three directions or dimensions, with displacements
- - of said arm selected from the three spatial directions, said step
comprising orientating said gripped semiconductor wafers so as to align
their respective positioning marks, this occurring simultaneously with the
displacements of said gripping arm.

The invention also relates to a device permitting a change in
position of at least one semiconductor wafer provided with at least one
positioning mark and placed in a support intended to house a plurality of

semiconductor wafers, said device comprising a gripping arm for



gri pped, as was nentioned above. It is also conceivable to grip a wafer
pl aced in another position, for exanple dertically. In this case, the
rollers must include nmeans which prevent the wafer from escaping fromthe
18 gripping neans due to the effect of gravity or of the displacenent of
the gri ppi n@grippingrsaid e degstoone semicondugtarowefercand smeansder displacing
illustrated) symmetrical with the second frustoconjcal surface relative to
the pl ane ofsaithgripping arwyeharacterdsadineidiat saidsgBppingrame comprasest ed, f or
exanple, so as to be displaceable on the rigid structure 7 in order to
permt the waf emmédngfor grippinghsaid atr leasb ongi semicomdugter svafer &
towards the novable stop until it conmes into contact with the end face of
t he wafer, iBer{ ﬁIP@npernit the wafer only a degree of rotationa
freedom

- means for orientating said at least one semiconductor wafer, which

means co-operate with said gripping means in order to place said
E positioning mark in a defined position,

said gripping means and said orientation means being disposed on a rigid
structure, said gripping means being distributed over the perimeter of the
peripheral part of said at least one semiconductor wafer, and in that said
means for displacing said gripping arm comprise means for displacement
in three spatial directions.

According to an advantageous feature, said gripping means
comprise:
- means for gripping a plurality of semiconductor wafers by the
peripheral part,
- means for orientating said gripped semiconductor wafers, which
means co-operate with said gripping means in order to align said
respective positioning marks of said semiconductor wafers.

The invention also relates to an arm for gripping a semiconductor
wafer provided with at least one positioning mark, permitting gripping of

. at least one semiconductor wafer placed in a support intended for

housing a plurality of semiconductor wafers, characterised in that said
arm comprises:
- means for gripping said at least one semiconductor wafer by the

peripheral part,



The means 6 for orientating the grippi n& armwhich is illustrated in
Figures 2 to 4 advant ageously conprise first beam 21, capabl e of being
cut when the notch 3 of the wafer 2 is not opposite the beam 21, and a

d 23, which d i.d fi b 21 h .. dbhe b

O ey o ool B e B U 4 B B B AR IPE Vel iy o

light-emtting diode 22, _and.the detector may be a phoéos nsitﬁive ciaacl 23

pl aced opposm?%nsthcé) gﬁ?ﬁt?naq oA %Bp%r{ﬁ%%ml OF erplch nS8ifth a
that, dyrik | di t .of th f 2 due to the effect of

\tAﬁg dr?vi ng%%%gﬁﬂ%?m%mlhﬁﬁféﬁwlﬁgp’t_ﬁemﬁeg;n 21 g_ﬁroagh teoereggh ?he

harer 2. Vo RERRSAE AR R Pt on e i e P B tisnisd SRin Bk 21

falli th hot it |1 23. th f 2.1 | ent at ed th

(2l Ling on el SSETShEtSy Bilhs ok Motika Byks o DERRRASLORYL S

phot osensi & isstesrel BErt AR eR b kel B seRiCoRtuEat MfFea and checked by

. According to an advantageous feature, said means comprise at least

three stops provided respectively with a degree of rotational freedom and
distributed around the perimeter of the peripheral part of said at least one
semiconductor wafer, and said orientation means comprise a driving
roller for driving said at least one semiconductor wafer by friction.

According to another advantageous feature, said driving roller is
formed by one of said three stops which is made at least partially
drivable. ’

According to another advantageous feature, said positioning mark is
a notch placed on the peripheral part of said at least one semiconductor
wafer, and said three stops comprise respectively two adjacent and
rotationally free driven rollers.

According to another advantageous feature, said driven rollers
comprise, respectively, at least one first frustoconical contact surface, in
order to permit said at least one semiconductor wafer to be supported by
means of a peripheral edge thereof.

According to another advantageous feature, a generatrix of said at
least one first frustoconical contact surface forms an angle of between 5°
and 45° with a perpendicular to said at least one semiconductor wafer.

According to another advantageous feature, said driven rollers
comprise, respectively, a second frustoconical surface, the top of which

is connected to the base of said first frustoconical surface, and the



a central unit (not illustrated), advantageously automated dependi ng on the

operations to be perforned. The grippin® armillustrated in Figures 2 to 4
advant ageously conpri ses neans 21, 24 for |ocating the position of the
sem conductor wafer 2 when it is placed in a support (not illustrated). The

locating  gegersdrixsofabdchHHermsran angleowithea perpemdiculer tgr $aidiatgleastn t o be

optimally positioned before a sem conductor wafer 2 is gripped. The

| ocat i ng” openatsemmicondsictarswiafer greatdrrthanrthetangle oif the gemerateixpef spider al

part 4 of a wafer 2 to be gripped, for exanple by neans of two beans 21 and

24 pl aced odirshfrustoaanicalesurfaste.t he arm and defining, respectively, the two

points on a horizontal plane, as illustrated in Figure 3, in the plane of

t he According to another advantageous feature, said orientation means
comprise a first beam, capable of being cut when said notch is not
opposite said first beam, and a detector which detects that said first beam

s has been cut.

According to another advantageous feature, the gripping arm
according to the invention comprises locating means for locating the
position of said at least one semiconductor wafer when it is placed in
said support.

According to another advantageous feature, said marking means
comprise a second beam which co-operates with said first beam and a
characteristic dimension of said at least one semiconductor wafer in
order to permit the position of said at least one semiconductor wafer in
said support to be established.

According to another advantageous feature, said locating means
comprise a third beam which interacts with said first beam or said second
beam and a characteristic dimension of said at least one semiconductor
wafer in order to permit the position of said at least one semiconductor
wafer in said support to be established when said first or second beam is
placed opposite said notch.

According to another advantageous feature, the gripping arm
according to the invention comprises:

- means for gripping a plurality of semiconductor wafers by their

peripheral part,



sheet. The beam 24 may, for exanple, be a light beamemtted by a |light-
emtting diode, and the detector may beig photosensitive cell placed
opposite the emtting diode. The |ocating neans advantageously conprise
the first vertical beam 21 and the second vertical beam 24 which

co-oper at es i { ki fof SridiRahandhid gfippea! imionudtarenifer, obhidie

sem conductor wafer 2, Iin the ex external dianeter of "the wafer,

in order toResmd tcd—Bgeﬁﬁéi Wign ﬁidt%ﬁgﬁfﬁg GRBENE tiRr ordéertol alighe saldbport

(not illustrated) In hori zontal pl to be established. The two points

on the peripagpadtivapbsitioting Reurkebfisarl s6iRidorrinicest Waférsg snel | approach

di spl acenents 'of the" arm having the beans 21 and 24, for the purpose of

appropri ate posiTh®fwehtich Willlbd hroreadledrly Uirleryoode pad fuethiee fbatu?ds and 24
permt the chord of an arc of the circular perlpheraf part of the wafer 2

e | oL s acange 1 tpem, e Sy gt i e
part of the gigngplespefnettbddimenesiéf anettodshedevices and gripping arms

® according to the invention, together with the accompanying drawings, the
examples being given by way of illustration and without any restrictive
interpretation of the invention being able to be drawn therefrom.

Figure 1A illustrates, in perspective, one embodiment of a device
according to the invention, permitting the position of at least one
semiconductor wafer to be changed.

Figure 1B illustrates, in perspective, an enlarged detail of Figure
1A.

Figure 2 illustrates, in perspective, a first embodiment of a gripping
arm according to the invention.

Figure 3 is a plan view of the example in Figure 2.

Figure 4 is a side elevational view of the example in Figure 2.

Figure 5 is a side elevational view of a first enlarged detail of the
example in Figure 2.

Figure 6 illustrates a second enlarged detail of the example in
" Figure 2, in partial cross-section.

Figure 7 illustrates, in perspective, a second embodiment of a
gripping arm according to the invention;

The device 100 illustrated in Figure 1A and, partially, in Figure 1B,
permitting a change in position of the semiconductor wafers provided,
respectively, with a positioning mark and placed in a support (not

illustrated) intended to house a plurality of semiconductor wafers,



wafer to be determ ned and the armto be placed in an appropriate relative
position for the purpose of gripping th&lwafer between the stops 8, as
expl ai ned above. It should be noted that the first beam 21, used in the
context of the means for orientating the wafer, is also advantageously used
in the cont éempisesimenns ddOdgr gepping iarsesnigonductosiwiatiers and meagsi 13 ng

arm 20 Alternatlvel it Is, of course ossible to use two se arate
bearms for t fer shspl ﬁt:mgémgémpsngmeanselmc be rgrippiagsmeaspdd i wallybe

Al ternatively and dvantagegusly, t he | ocati ng, neans cozfrlse a third beam

(not il ust cpiamedwin drtasblaiger utds the ard wofeFigures héarh, 2and compriscond

beam 24 and a characteristic dinensjon of the sem conductar
means 5 for gripping the semiconductor wafer by its peripheral part and

means 6 for orientating the semiconductor wafer, which means co-
operate with the gripping means 5 in order to place the positioning mark
. in a defined position.
The device 100 comprises a frame 101 onto which fit two

semiconductor wafer supports (not illustrated). The two supports fit

respectively onto receiving trays (not illustrated), said receiving trays
being placed, for example, beside one another and vertically in line with
the doors 102 and 103, and have wafers superimposed in respective
housings in the support, in a horizontal position. The device 100 permits
semiconductor wafers to be transferred from one support to another while
enabling the respective marks on these wafers to be placed in a defined
position. For this purpose, the gripping means 110 are connected to
displacement means 120, so that they can be displaced in the three spatial
dimensions X, Y and Z, as illustrated in Figure 1A and, partially, in
Figure 1B.
The gfipping means 110 placed opposite a first support, fixed, for
example, vertically in line with the door 103, thus permit the selection of
e the semiconductor wafer to be gripped in this support, by means of the Z
displacement, then to enter the support by means of the Y displacement,
to grip the wafer by means of the upward Z displacement without striking
the wafer possibly placed thereabove, to remove the wafer from the
support by means of a reverse Y displacement and to use the X and Z
displacements to position the gripping means 110 opposite the second

support placed vertically in line with the door 102 and the appropriate



wafer, its external diameter in the exanple, in order to permt the

position of the sem conductor wafer in ils support to be established when

the first or second beamis placed opposite the notch serving as a

positioning mark. For this purpose, the third beamw || be placed at any

posi ti on whihsispeg niie s thise suppart ofomnthe cguippede waferpheduripgr tthese t he
wafer to be gbtained, in conmbination with that of the first or second beam
whi ch i s notdipplacemenghosthee semsicomduistoranwater nwil t advansageouslyt i of
two points of ,a chord of an _arc of the peripheral part of the wafer to be
regai ned. | rorietated hin nat cdefgesdr poFifigrendor atexempleo sonhethaif eall t they not -

I nsignificant depth, and cquld consequently |ead to an erroneous

measur ement SSMICRBAEEtOr Wateradiave thein resppotive mearksralignedwalteshoutdebe hi r d

beam nakes it pqQssible , to ensure that at ,|east t beans w || not be

opposi t e thémtsacaw,at; flepeading PwHhsi rﬁcaumems,%@ davice pldustrated b

produced in g sim]ar manner to the first two. The %perati on of the

gri ppi ng ar MIEUre sk spanits, the ghawss dntene suppaet to be orientated without

N moving them into the other support; to do this, all that is required is to

place the gripping means 110 in a position for gripping a wafer in its
support, i.e. to place the means 110 beneath the wafer to be gripped, to
grip the wafer by means of the upward Z displacement, without striking
the wafer possibly placed thereabove, to orientate the wafer into the
selected position, before depositing it again in the same housing, and
then to remove the gripping means 110.

Figure 1B shows the gripping means 110 connected to a first part
121 of the displacement means 120, so as to permit the gripping means to
be displaced with a degree of translational freedom in the Z direction.
This first part 121 of the displacement means is connected, with a degree
of translational freedom in the Y direction, to a second part 122 of the
displacement means 120, said second part itself being connected, with a
degree of translational freedom in the X direction, to the frame 101 of the
device 100, as illustrated in Figure 1A.

. According to an alternative, not illustrated, the gripping means may
comprise means for gripping a plurality of semiconductor wafers by their
peripheral part and means for orientating the gripped semiconductor
wafers, which means co-operate with the gripping means in order to align
the respective positioning marks of said semiconductor wafers. This

alternative may be obtained, on the device 100 illustrated, by replacing



follows: the armis introduced into a support containing sem conduct or
wafers, the position of which it is desit@ed to nodify, for exanple as
descri bed above with the aid of Figures 1A and 1B. The approach of the arm
beneath a wafer is acconplished by nmeans of the |ocating nmeans, as al so

descri bed aktheegrippinighateansd 14r withsthe! %ﬁppﬁmgna@n Ritastrated iBUETECB St and
upward di spl acenent of the latter results in the wafer being gripped

bet ween t he descried laterand 8B of the arm The wafer nust, while it is
gripped, rest on at |least the first frustoconical surfaces 16 of a part of

t he 21 roll erk shéuldBe rxuted that the @éppingsarnh deilfusiated v Riyus 2 86 soon

as it is displaced angularly, by the driving roller substantially or .
exactly at thecanspitti@sothet geippéngnmednsudilfcofiithal devicé ab@0 fHusfratakindri ven

rotter. ThusFigure 1A and, partially, in Figure 1B.

The gripping arm 1 illustrated in Figures 2 to 4 makes it possible to
» grip a semiconductor wafer 2, in the form of a disk, placed in a support
(not illustrated) intended to house a plurality of similar semiconductor
wafers. The semiconductor wafers 2 are respectively provided with a
positioning mark 3 which is substantially in the form of a notch 3 formed
on the peripheral part 4 of the wafer 2. The surface formed by the end
face of the semiconductor wafer 2, including the two end edges of this
surface, is called the peripheral part 4 of the wafer. This surface formed
by the end face may, for example, be cylindrical or it may have
substantially the shape of an external circular half-torus. The peripheral
part of the wafer may, alternatively, comprise the upper and lower

annular surfaces of the ends of the wafer, in the form of a thin crown. .

The gripping arm 1 illustrated in Figures 2 to 4 comprises means 5
for gripping the semiconductor wafer 2 by its peripheral part 4 and means
6 for orienté.ting the semiconductor wafer 2, which means co-operate
with the gripping means 5 in order to place the positioning mark 3 in a

.- defined position, as will be explained later.

The gripping means 5 and orientation means 6 are disposed on a
rigid structure 7, permitting it to be inserted, at least partially, between
two successive wafers placed in a support, for example as illustrated in
Figure 4 between wafers 2 and 2B illustrated by the dot-dash lines. The
upper wafer 2A, in dot-dash lines, represents the semiconductor wafer

placed in the support (not illustrated) and which is not to be struck when



the wafer preferably rests on the stops 4A and 8B via its | ower peripheral
edge 17, as illustrated in Figure 5. Then, the wafer is displaced angularly
by the driving roller 9 until the notch 3 passes over the beam 21,
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t he gri pped Bﬁrﬂ.ﬁﬁgﬂuct or wafers, which nmeans co-operate with the gripping
means in orde 0 alTgn the respective positioning marks of the
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. profile, at the base of which there are two of the three stops 8, the third
stop 8 being disposed on one branch 10 of the U and the driving roller 9
being disposed on the other branch 11 of the U, as illustrated in Figure 3.
A reinforcing bar 12 may connect the branches of the U at mid-height, as
illustrated in Figure 3. The shape of the rigid structure 7 may vary
widely, said structure having to be able to be partly inserted between two
successive wafers so that the gripping means 5 can grip a wafer by its
peripheral part. The rigid structure must also permit the gripped wafer to
be orientated without excessive deformation of the thin end part which
has to be inserted between two wafers. In order to obtain a high-
performance gripping arm, a structure 7 offering excellent strength for
minimum weight will be selected. The branches 10 and 11 of the U,
which are intended to be able to penetrate between two successive
wafers, may advantageously be made of a metallic material, and the parts
12 and 13 joining the branches, as well as the ends 14 and 15 of the
branches of the U which do not penetrate between the semiconductor
wafers, may be made of a rigid plastics material.

The friction driving roller 9 has a friction driving band capable of
acting on the peripheral part of the semiconductor wafer 2 in order to
drive the latter in an angular displacement, preferably by adhesion to at
least a part or the whole of a generatrix of the surface which forms the

peripheral part 4 of the wafer 2, in order to obtain a good coefficient of



capabl e of being respectively inserted into the free spaces between

sem conduct or wafers of a support (not i1 ustrat ed), and they are connected
by a conmmon rigid support 30, as illustrated. Each structure carrlezI g
driving rollet, for rotating the wafer which this structure is intended to
support, thr3@n&iighs ﬁﬁoané’m%&mdnéﬂﬁfihaaﬂélﬁr %rmay,vvﬁorb@xgm;ﬂe,F@nd 24,7
as described.previously for a structure 7. The armiillustrated in Figure
makes it pos rHF‘?Sl Bbf Heans 0§dmaél‘(r§®3§§n9d% ol xeshléentsmaterialpprefarably of
wafers 2 pl ac;ld (i@n support and . to orientate, advantageous

si mul t aneous® H@g@eﬂ&m@n fos exgmplgane havinga Shaee halgiltxqssgfntthon, f or
ol gned, T or Oulerh 4 T80 mawdedancs driseavberlntp, os illustrated in Figure 6.
The O-ring 25 will preferably be machined in order to have a cylindrical
driving surface.

. The driving roller 9 is rotationally driven by a motor 20 placed on a
rigid part of the arm, for example on the reinforcing bar 12, as illustrated
in Figures 2 to 4. Transmission of the rotational motion between the
motor 20 and the roller 9 may be effected by a belt, gears or similar
means.

Alternatively, the driving roller may comprise one of the three stops
8, which would then be made at least partially drivable. In this case (not
illustrated), the drivable stop fulfils the function of permitting angular
displacement of the semiconductor wafer, a rotation in the case
illustrated, and the function of participating, in conjunction with the
other two stops, in gripping the semiconductor wafer and ensuring that
the latter is in static equilibrium. The stop 8 made drivable must have an
appropriate driving band, for example as described above for the driving
roller9.
The three stops 8 advantageously and respectively comprise two
.. adjacent and rotationally free driven rollers 8A and 8B, as illustrated in
Figure 3. This is in order to prevent the notch 3, constituting the
positioning mark of the wafer 2, from disturbing the driving function of
the driving roller or the static equilibrium of the wafer when the notch 3
passes at the level of a stop 8 while the wafer is being rotated, or when
the notch is opposite a stop 8 when the wafer is gripped in the support

(not illustrated). The driven rollers are positioned so that their respective



transferred fromone place to another. Several exanples of the nethods
according to the invention will now be discribed. A first exanple of the
nmet hod according to the invention conprises a nechanical nethod permtting
a change in position of one or nore senm conductor wafers provided with a

notch and pl suracésnira contuerwithrthendafert® e yaRgentidUorttd Yudthce of the

sem conduct or wafers, consisting in gripping théeé sem conductor wafer or

waf ers by i tendrfacheifrthpewiafdrer Bhugaftthanthtehi®e i a}ca'ﬁaﬂté %esmmg or

wafer or wafers in order to place its or their not (or not In a

defi ned posi stops.8/5wrt8B, hhetddjdcemxstolb,OEBBEwamhes%&ﬁi\}dI?J AR drd vha

devi ce according to the invention, as described above, permtting, nore

especial |y, the wafgniein stti¢ hadndyeimic etuilitrieer fontyciae wehtoned aced
in a support without renoving these wafers fromtheir support. A second

exanpl e of tabovetobdnaotdheistaps 8 beleg imadwttivabhynmilgtohe 8f thw teldershe
sem conduct or wafer or wafers fromone place to another
8A or 8B would be made drivable, the other being driven.

. In the example illustrated, the rotational axes of the driven rollers
8A and 8B and of the driving roller 9 are perpendicular to the horizontal
plane defined by the semiconductor wafer 2. However, it is conceivable
for the axes to have another direction, depending on the contact profile of
the rollers on the wafer, so that these rollers do not come into contact
with one or other of the faces of the semiconductor wafer.

One driven roller 8A or 8B, as illustrated in Figure 5,
advantageously has a first frustoconical contact surface 16, in order to
permit contact with the semiconductor wafer 2 by means of a peripheral
edge 17 thereof. In Figure 5, the roller 8A or 8B is illustrated in side
view, and it is designed to grip a wafer placed substantially or exactly
horizontally. Advantageously, a generatrix ‘of the first frustoconical
contact surface 16 forms an angle o of between 5° and 45° with a
perpendicular to the semiconductor wafer 2. Advantageously, a driven
roller 8A or 8B has a second frustoconical surface 18, the top 19 of

5 . which is connected to the base of the first frustoconical surface 16, and
the generatrix of which forms an angle with a perpendicular to the
semiconductor wafer 2 greater than the angle o of the generatrix of the
first frustoconical surface 16. Alternatively, the top 19 of the second
frustoconical surface 18 of each stop 8A, 8B may have a horizontal

annular planar surface (not illustrated) adopting the shape of a crown of



and sinmultaneously orientating it or themso as to place its or their notch
(or notches) in a defined position, foryzexanple so as to align the notches.
Such a nethod may, for exanple, be inplenented by a device for transferring
waf ers, as descri bed above. 23 CLAIM5S 1. Mechanical nethod permtting a

change in pﬁﬁhll'lﬁﬂléifth?ékﬂe‘%QSWh‘i’ﬂ? pERTLLS 9HE wedfer teétion e Rimyladeadw th at

| east one positioning mark (3) and placed in a support intended to house a

plurality offetbeenduefaee, Wafers, characterised in that it conprises the
foll owi ng steps: - penetrating sai d support by neans of a gripping arm

(1) with a firs]t ghowldabenestedothas atHeRtybés) off rekbBingPaiifatesd e beon (),
adopted in place of the frustoconical surfaces 16 and 18 described, for
example first and second revolving surfaces formed by a curved
generatrix, giving rise, for example, to concave, convex or other surfaces.

* The height of the first frustoconical contact surface 16 will be
defined in accordance with the height available between two successive
wafers, the inclination of the generatrix of the surface 16 depending on
angle o, and the precision of the position of the gripping arm relative to a
wafer prior to its being gripped, so that the gripped wafer is preferably
supported on the first frustoconical surfaces 16, or on the first and second
frustoconical surfaces 18 of the driven rollers 8A and 8B. For example,
for a given height of the first frustoconical surface 16, depending on the
space available between two successive wafers on the wafer support, the
length of the horizontal projection of the generatrix of the first
frustoconical surface must be greater than or equal to the possible radial
error in the position of the arm relative to the semiconductor wafer.

Preferably, the driven rollers 8A and 8B will be made of a rigid
plastics material and will have a low rotational inertia in order to be
easily rotationally driven, by friction, by the semiconductor wafer. For

.- - this purpose, the rollers 8A and 8B will preferably be mounted on the
structure 7 by means of bearings (not illustrated).

It should be noted that the driven rollers 8A and 8B illustrated in
Figures 2 to 5 are designed to permit a wafer disposed horizontally to be
gripped, as was mentioned above. It is also conceivable to grip a wafer
placed in another position, for example vertically. In this case, the rollers

must include means which prevent the wafer from escaping from the



- gripping said at |east one sem conductor wafer by the peripheral part
(4) of the latter with a second displ ac nt of said armin a second
spatial direction (2), - orientating said at |east one gripped

sem conduct or wafer so as to place said positioning mark in a defined
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directions (X Y, 2), said step conprising oOri ’sal
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position, this
to cross the third frustoconical surface and to move towards the movable

stop until it comes into contact with the end face of the wafer, in order to
. permit the wafer only a degree of rotational freedom.

The means 6 for orientating the gripping arm which is illustrated in
Figures 2 to 4 advantageously comprise a first beam 21, capable of being
cut when the notch 3 of the wafer 2 is not opposite the beam 21, and a
detector 23, which detects that said first beam 21 has been cut. The beam
21 may, for example, be a light beam, preferably vertical, emitted by a
light-emitting diode 22, and the detector may be a photosensitive cell 23
placed opposite the emitting diode. The beam 21 will be placed in such a
way that, during angular displacement of the wafer 2 due to the effect of
the driving roller 9, the notch 3 can let the beam 21 through to reach the
photosensitive cell 23, the beam 21 being, in the opposite case, cut by the
wafer 2. When the position of the notch 3 has been located by the beam
21 falling on the photosensitive cell 23, the wafer 2 is orientated by the
driving roller 9 by the desired angle in order to place the mark 3 in a
defined position. The operation of at least the roller 9 and the
photosensitive cell 23 will advantageously be controlled and checked by
a central unit (not illustrated), advantageously automated depending on
the operations to be performed.

The gripping arm illustrated in Figures 2 to 4 advantageously
comprises means 21, 24 for locating the position of the semiconductor

wafer 2 when it is placed in a support (not illustrated). The locating



occurring sinmultaneously with the displacenments of said gripping arm 3.
Met hod according to claim1l, characteril®ed in that it conprises: -
penetrating said support by nmeans of a gripping armwith a first

di spl acenent of said armin a first spatial direction (Y),

- gripping a

plurality ahearsibavedhet functwheos poymithingptire ghippalg aantto(¥¢ optimally waf er s

with a second di splacenent of said armin a second spati al

direction (2), -

ori ent at i ngpesitidned i pefode sersenricdndtctorwatéers 2sts gsippedal i Tine decating

respective positioning marks of said sem conductor wafers.

4. Met hod

accor di ng toperatiom Gnsistaindoeatisedny twohpoints onlthe peoipheralepsart eof al | owi ng
steps: - w thdrawi ng said plurality of sem conductor wafers (2) fromsaid

wafer 2 to be gripped, for example by means of two beams 21 and 24
placed on the structure 7 of the arm and defining, respectively, the two
points on a horizontal plane, as illustrated in Figure 3, in the plane of the
sheet. The beam 24 may, for example, be a light beam emitted by a light-
emitting diode, and the detector may be a photosensitive cell placed
opposite the emitting diode. The locating means advantageously
comprise the first vertical beam 21 and the second vertical beam 24
which co-operates with the first beam and a characteristic dimension of
the semiconductor wafer 2, in the example the external diameter of the
wafer, in order to permit the position of the semiconductor wafer in the
support (not illustrated) in a horizontal plane to be established.

The two points on the peripheral part 4 of the wafer 2 are located
during small approach displacements of the arm having the beams 21 and
24, for the purpose of appropriate positioning to grip the wafer. The two
separate beams 21 and 24 permit the chord of an arc of the circular
peripheral part of the wafer 2 to be located as soon as the beams are cut
by the periphéral part of the wafer, which chord, combined with knowing
the diameter of this circular part of the wafer, permits the position of the
wafer to be determined and the arm to be placed in an appropriate
relative position for the purpose of gripping the wafer between the stops
8, as explained above.

It should be noted that the first beam 21, used in the context of the
means for orientating the wafer, is also advantageously used in the

context of the locating means, in order to simplify the gripping arm.



support with a third displacenment of said gripping armin said first
direction (Y), opposite said first disppacenent, - di spl acing said
plurality of sem conductor wafers fromone place to another in space with
three directions or dinensions (X, Y, Z), with displacenents of said arm

sel ected frAltethgivdlydeisnef tahrsel E@%ibwﬁo U¥e tWo FBparstel Bedth§Fog@h@r i i ng

orientating said gripped sem conductor wafers so as'to align their

respective gidéithtioni mean®aka thé NoGatRgChicahs despeltiveRneously with the
di spl acenents of said gripping arm 5. Device permtting a change in

position of at Akssjatbrdyseid cehvueicoushy, cthe Bcapingy hitegisvesiprisel gast one

positioning mark (3) and placed in a support intended to house a plurality

of sem condhétdobearnl @iot.illssirdtetBy mitick @Poperates Wity tHepfipg team 2l ofr i ppi ng
said at | east one sem conductor wafer and nmeans for displacing said
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wafer, its external diameter in the example, in order to permit the
5 position of the semiconductor wafer in its support to be established when
the first or second beam is placed opposite the notch serving as a
positioning mark. For this purpose, the third beam will be placed at any
position which permits the chord of an arc of the peripheral part of the
wafer to be obtained, in combination with that of the first or second beam
which is not placed opposite the notch, and permits the configuration of
two points of a chord of an arc of the peripheral part of the wafer to be
regained. In fact, the notch generally penetrates into the wafer to a not-
insignificant depth, and could consequently lead to an erroneous
measurement of the arc, and hence of the position of the wafer. The third
beam makes it possible to ensure that at least two beams will not be
opposite the notch, in order to obtain a chord. The third beam may be
produced in a similar manner to the first two.
The operation of the gripping arm illustrated in Figures 2 to 4 is as
follows: the arm is introduced into a support containing semiconductor
- wafers, the position of which it is desired to modify, for example as
described above with the aid of Figures 1A and 1B. The approach of the
arm beneath a wafer is accomplished by means of the locating means, as
also described above, so that the arm is placed in a position such that an
upward displacement of the latter results in the wafer being gripped
between the rollers 8A and 8B of the arm. The wafer must, while it is

gripped, rest on at least the first frustoconical surfaces 16 of a part of the



peri pheral part, means for orientating said at | east one sem conduct or
waf er, whi ch nmeans co-operate with sai d2§ri pping means in order to place
said positioning mark in a defined position, said gripping neans (5) and
said orientation neans (6) being disposed on a rigid structure (7), said
gri ppi ng neaodlenei8dy, 8Bstsd thatert cemdres lhtselfeby ngrawityobr,t & speni ahat as part
of said at |east one sem conductor wafer, and in that said displacenent
means (120) displaged pingnilanjys by ther dppingyrellen substenhally or exsotly abthe
di spl acenent in three spatial directions %X, Y, Z). 6. Device according to
claim5, chaopck®of thaisecondfrustawonicaliswwfacg b of eaclpdriven:roller. Thus,
the wafer preferably rests on the stops 8A and 8B via its lower peripheral
edge 17, as illustrated in Figure 5. Then, the wafer is displaced angularly
by the driving roller 9 until the notch 3 passes over the beam 21,
. permitting the 23 to be actuated and thereby the angular position of the
wafer to be located, the wafer then being rotated relative to this position
in order to place the wafer in the defined position. During rotation of the
wafer, the latter is supported on the first frustoconical surfaces 16 of a
part of the rollers 8A, 8B. When the desired position is reached, the
wafer is put down again in the support, as described above.
The gripping arm illustrated in Figure 7 comprises means for
gripping a plurality of semiconductor wafers 2 by their peripheral part
and means for orientating the gripped semiconductor wafers, which
means co-operate with the gripping means in order to align the respective
positioning marks of the semiconductor wafers gripped by the arm. The
gripping means comprise a plurality of partial structures 7, which are
capable of being respectively inserted into the free spaces between

semiconductor wafers of a support (not illustrated), and they are

of !

connected by a common rigid support 30, as illustrated. Each structure
.. carries a driving roller for rotating the wafer which this structure is
intended to support, three stops 8 for supporting this wafer, and two
beams 21 and 24, as described previousty for a structure 7. The arm
illustrated in Figure 7 makes it possible to grip, advantageously
simultaneously, a plurality of wafers 2 placed in a support and to
orientate, advantageously simultaneously, these wafers so as to place

them in a defined position, for example so as to align their notches 3.



&

- means for gripping a plurality of sem conductor wafers (2) by the
peri pheral part, - nmeans for orientati2dg said gripped sem conduct or
waf ers, which nmeans co-operate with said gripping neans in order to align
sai d respective positioning marks of said sem conductor wafers. 7. Arm for

gripping a sEmisthedtotchies wie be @lignedo foriechnpleh witild grsivabire apebeingni ng.
mark (3), permtting gripping of at |east one sem conductor wafer placed in

a support ir&mgfeﬁeﬂcﬁromép@@mlmcﬁhbt‘y of sem conductor wafers,
characterised in that said armconprises: - means for gripping said at

| east one sem cBehwerhbrexanipes wf thee npthodbercabrdiagtto the imeemsof owill
orientating said at | east one sem conductor wafer, which nmeans co-operate

with said grngpi bg desoribedn oAdéirstt expinpde cfatle psthiodoacoordingktd the
defined position,
invention comprises a mechanical method permitting a change in
position of one or more semiconductor wafers provided with a notch and
8 placed in a support intended to house a plurality of semiconductor
wafers, consisting in gripping the semiconductor wafer or wafers by its
or their peripheral part and orientating the semiconductor wafer or wafers
in order to place its or their notch (or notches) in a defined position.
Such a method may, for example, be implemented by a device according
to the invention, as described above, permitting, more especially, an
alignment of the notches of the semiconductor wafers placed in a support
without removing these wafers from their support.

A second example of the method according to the invention consists
in moving the semiconductor wafer or wafers from one place to another
and simultaneously orientating it or them so as to place its or their notch
(or notches) in a defined position, for example s0asto align the notches.
Such a method may, for example, be implemented by a device for

transferring wafers, as described above.



26 said gripping neans (5) and said orientation neans (6) being di sposed on
arigid structure (7), said gripping ness being distributed over the
perimeter of the peripheral part of said at |east one sem conductor wafer.
8. Gipping arm a to claim 7, characterised in that said

gri ppi ng rrea{ﬂm ast three stops (8) provided respectively wth
a degree of mf mand distributed around the perineter of the
peri pheral patt (4} of sai | east CorEIMSM conductor wafer (2), and in

that said orientation neans corrprise a driving roller (9) for driving said

at | east one sem conductor wafer by friction. 9. Gipping armaccording to
claim8, characterised in that said driving roller (9) is forned by one of

said three $§t opMédhanibalcmetlsodpeemittingeashapgetinapositidni ofbt feast one
semiconductor wafer (2) provided with at least one positioning mark (3)
and placed in a support intended to house a plurality of semiconductor

& wafers, characterised in that it comprises the following steps:

- penetrating said support by means of a gripping arm (1) with a first

displacement of said arm in a first spatial direction (Y),

-  gripping said at least one semiconductor wafer by the peripheral

part (4) of the latter with a second displacement of said arm in a second

spatial direction (Z),

- orientating said at least one gripped semiconductor wafer so as to

place said positioning mark in a defined position.

2. Method according to claim 1, characterised in that it also comprises

the following steps:

- withdrawing said at least one semiconductor wafer from said

support with a third displacement of said gripping arm (1) in said first

direction (Y), opposite said first displacement,

- displacing said at least one semiconductor wafer (2) from one place
.- to another in space with three directions or dimensions (X, Y, Z), with

displacements of said arm selected from the three spatial directions (X,

Y, Z), said step comprising orientating said at least one semiconductor

wafer so as to place said positioning mark (3) in a defined position, this

occurring simultaneously with the displacements of said gripping arm.

3. Method according to claim 1, characterised in that it comprises:



10. Gipping a Ia|m8 or 9, characterised in that said
posi tioning rrjhﬂl@ g!w Bl pl acedhqon the peripheral part (4) of said
at | east one er (2), and in that said three stops (8)
conprise respectively two adjacent and rotationally free driven rollers

8A, 8B . t hat
gal d drl)ven rﬁers n%@,ggtnggﬁgbﬁl Pgs%ggﬁ ?ﬁ@?ﬁpg;%?ﬁgﬁgﬁﬁgrg{ht :

f r ust oconi gl a@Matiofssid apd inldlisst awbqiaﬁrehﬁoﬂ Yt said at least one
sem conductolf wafer (2) to be support y nmeans of “a peripheral edge (17)

of the |atier.godgpidg hRALAAIG t ?l:p?‘l@ r din
that a generat%ré lrg gﬂd a% ?|£§?ﬁﬁ@$ﬁféﬁg@g?gm cz%iille?ré ach@l E?Ifqace
forms an (4)2df said wafers with a second displacement of said arm in a second
spatial direction (Z),
- orientating said gripped semiconductor wafers so as to align said

respective positioning marks of said semiconductor wafers.

4%

4. Method according to claim 3, characterised in that it also comprises
the following steps:

- withdrawing said plurality of semiconductor wafers (2) from said
support with a third displacement of said gripping arm in said first
direction (Y), opposite said first displacement,

- displacing said plurality of semiconductor wafers from one place to
another in space with three directions or dimensions (X, Y, Z), with
displacements of said arm selected from the three spatial directions (X,
Y, Z), said step comprising orientating said gripped semiconductor
wafers so as to align their respective positioning marks, this occurring

simultaneously with the displacements of said gripping arm.

5. Device permitting a change in position of at least one
- - semiconductor wafer (2) provided with at least one positioning mark (3)

and placed in a support intended to house a plurality of semiconductor

wafers, said device comprising a gripping arm for gripping said at least

one semiconductor wafer and means for displacing said gripping arm,

characterised in that said gripping arm comprises:

- means for gripping said at least one semiconductor wafer by the

peripheral part,



angle ([err]) NG5G 45[err] with a perpendicular to said at
| east one sem ﬁ“ﬂgﬁﬂ“@ﬂ%ﬂk) 13.245 i pping armaccording to claim 12,
characterised i# al Sdl Us en rollers (8) conprise, respectively, a
second frustoconical surface (18), the top (19) of which is connected to

the base of saingedris for 6féﬁﬁa@l@1gn§aié|at51:éﬁ§ta@@e éé@eorﬁmlttbflevz&‘éﬂewﬁidﬂx of

1
which forns an angle with a perpendicular to said at | east one

sem conducingéansRfceropédatéhivith isﬁi(ﬂr%gﬁ)ﬁhgt bﬁéﬁﬁdﬁqﬁaaﬁd% _(tJ)ePIa]cb ghid he

generatrix of said first frustoconi surface. 14. i'ppt ng arm

accordi ng ?bsit%kﬁn?gﬁaﬂt il‘fbﬁidmedlﬁbstiﬁon,l& characterised in that said
means

orientatio ) conprise a first beam (21), capable of being cut when

sai d not ch sai) ghippies neRRRY(S) andajaid briehitathe@ MeatRq 63 RaiEdisposedHn Whi ch

detects that said first beam has been cut. 15. Gipping armaccording to

any one of agclrplidssttuéturd 47)¢ valdgréppiagd meunshbeing distibitéd oV g neans
(21, 24) for marking the position of

perimeter of the peripheral part of said at least one semiconductor wafer,

and in that said displacement means (120) for displacing said gripping

ogv

~ arm (1) comprise means for displacement in three spatial directions (X,
Y, 7).

6. Device according to claim 5, characterised in that said gripping arm
comprises:

- means for gripping a plurality of semiconductor wafers (2) by the
peripheral part,

- means for orientating said gripped semiconductor wafers, which
means co-operate with said gripping means in order to align said

respective positioning marks of said semiconductor wafers.

7. Arm for gripping a semiconductor wafer (2) provided with at least
one positioning mark (3), permitting gripping of at least one
semiconductor wafer placed in a support intended for housing a plurality
.. of semiconductor wafers, characterised in that said arm comprises:

- means for gripping said at least one semiconductor wafer by the
peripheral part,

- means for orientating said at least one semiconductor wafer, which
means co-operate with said gripping means in order to place said

positioning mark in a defined position,



said at |eas 3 or wafer (2) when it is placed in said
support. 16.rmlammllgﬂﬂ:nmordi ng to2gl ai ne 14 and 15, characterised in
that said nmarxing rneams eonpri se a second beam (24) which co-operates with
said first beam (21) and a feature dinmension of said at |east one

sem conductguid weipping 2heams F)derd ssidraienthtibheneas (6)eing dspesed oheast

one sem conductor wafer in said support to be estabﬁ shed. 28 17.

Gi ppi ng aranmgidostiuepureo(T), asdid dppint Hearhdenes alibaishted dvat thei d
}Pll r

mar ki ng means (21, 24) conprise a't beam whi ch” co-operates with said
first beam gétlmetsr cfthe perisidtabpamdfaid anlkast brekemécshdmist wvafef. sai d at

| east one sem conductor wafer (2) in order to permt
8. Gripping arm according to claim 7, characterised in that said
gripping means comprise at least three stops (8) provided respectively
% with a degree of rotational freedom and distributed around the perimeter
:' of the peripheral part (4) of said at least one semiconductor wafer (2),
and in that said orientation means comprise a driving roller (9) for

driving said at least one semiconductor wafer by friction.

9. Gripping arm according to claim 8, characterised in that said driving
roller (9) is formed by one of said three stops (8) which is made at least

partially drivable.

10. Gripping arm according to claim 8 or 9, characterised in that said
positioning mark is a notch (3) placed on the peripheral part (4) of said- at
least one semiconductor wafer (2), and in that said three stops (8)

comprise respectively two adjacent and rotationally free driven rollers
(84, 8B).

. - 11. Gripping arm according to claim 10, characterised in that said
driven rollers (8) comprise, respectively, at least one first frustoconical
contact surface (16), in order to permit said at least one semiconductor

wafer (2) to be supported by means of a peripheral edge (17) of the latter.

12. Gripping arm according to claim 11, characterised in that a

generatrix of said at least first frustoconical contact surface forms an



the position one sem conductor wafer in said support to be
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13. Gripping arm according to claim 12, characterised in that said
driven rollers (8) comprise, respectively, a second frustoconical surface
(18), the top (19) of which is connected to the base of said first
" frustoconical surface (16), and the generatrix of which forms an angle
with a perpendicular to said at least one semiconductor wafer (2) which
is greater than the angle (o) of the generatrix of said first frustoconical

surface.

14. Gripping arm according to any one of claims 10 to 13,
characterised in that said orientation means (6) comprise a first beam
(21), capable of being cut when said notch (3) is not opposite said first

beam, and a detector (23) which detects that said first beam has been cut.

15. Gripping arm according to any one of claims 7 to 14, characterised
in that it comprises marking means (21, 24) for marking the position of
said at least one semiconductor wafer (2) when it is placed in said

support.

16. Gripping arm according to claims 14 and 15, characterised in that
said marking means comprise a second beam (24) which co-operates
with said first beam (21) and a feature dimension of said at least one
semiconductor wafer (2) in order to permit the position of said at least

one semiconductor wafer in said support to be established.
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17. Gripping arm according to claims 10 and 16, characterised in that
said marking means (21, 24) comprise a third beam which co-operates
with said first beam (21) or said second beam (24) and a feature
dimension of said at least one semiconductor wafer (2) in order to permit
the position of said at least one semiconductor wafer in said support to be

established when said first or second beam is placed opposite said notch

G)-

18. Gripping arm according to any one of claims 7 to 17, characterised
in that it comprises:

- means for gripping a plurality of semiconductor wafers (2) by the
peripheral part,

- means for 6rientating said gripped semiconductor wafers, which
means co-operate with said gripping means in order to align said

respective positioning marks (3) of said semiconductor wafers.



