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Titel: Placement device and assembly device comprising a placement device

FIELD OF THE INVENTION

The invention relates to a placement device.

The invention further relates to an assembly device comprising a placement-
device.

The invention still further relates to a method to calculate a characteristic of a

part of the placement device.

BACKGROUND

Placement devices are used for assembling components, e.g. components in
hybrid microsystems, or for placing components on a substrate, e.g. a printed
circuit board. Additionally placement devices may be used for other pick & place
activities, such as taking components from a component supply belt and placing
them on a location for further processing. The placement device uses a gripper to
subsequently pick-up and position a component, and to subsequently attach the
component to a substrate or other product if applicable. During the collision of
the gripper with the component against the surface where it is to be positioned
the material around the contact points between base structure, component and
gripper act as a damped spring system. Most of the kinetic energy from the
gripper will be converted to spring energy by elastic deformation of the material
around the contact points. The stored spring energy will be partially converted
back to kinetic energy of the gripper at the end of the collision. The gripper will
therefore rebounce unless a force is present on the gripper that maintains the
contact force between gripper, component and base structure. A rebounce is
undesired as it causes a second impact, which increases the risk of damages of
the component and/or substrate. Furthermore, the rebounce may cause
vibrations in the placement device that cause significant inaccuracies in the
placement of the component.

The standard solution for preventing the gripper from rebouncing is to place a
pretensioned spring with low stiffness between the gripper and the drive unit. If
the extra force of the pretensioned spring is strong enough the contact force will
be maintained during the collision and the gripper will not rebounce. However,

due to this extra force from the pretensioned spring the deformations and the
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maximum impact force will also increase, which is harmful for the components
and/or the substrate.

An alternative placement device is described in US2005/0035613. The gripper
described therein is mounted coaxially in a holder. A pretension is applied to the
gripper by an electric or magnetic field. In this way the placing force is
independent on the distance covered by the gripper relative to the holder when

placing objects onto a substrate.

SUMMARY OF THE INVENTION

It is desired to provide a placement device wherein a rebounce of the gripper is
prevented while maintaining impact forces at a modest level. According to the
invention a placement device is provided comprising a gripper, a holder and a
resilient structure, the gripper and the holder being at least moveable relative to
each other along a first axis, wherein the resilient structure biases the gripper in
a reference position relative to the holder by exerting a resultant force in a first
direction upon a change of the relative position of the gripper opposite to the first
direction, wherein the resilient structure comprises a first resilient portion
having a relatively low stiffness and a second resilient portion having a relatively
high stiffness, the first resilient portion being pretensioned. It is a further
purpose of the invention to provide an assembly device having these advantages
It is a still further purpose of the invention to provide a method to calculate a

characteristic of a part of the placement device.

In a device according to the present invention the first resilient portion having a
relatively low stiffness and the second resilient portion having a relatively high
stiffness cooperate to realize that a force exerted by the gripper increases
relatively fast to a value sufficiently strong to prevent the gripper from bouncing
back. Once this sufficiently strong level is reached the force exerted remains
relatively independent of the displacement of the gripper relative to the holder,
hereinafter also denoted as relative displacement of the gripper. In some
applications the component need not only be positioned on a surface, such as a
substrate, but must be attached to the surface by pressure. In such applications
the force exerted on the gripper may be higher than the minimal required force to

prevent a bouncing back of the gripper. Nevertheless also in those applications
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the force exerted by the gripper should be modest, in order to prevent damages in
particular to prevent that components are damaged.

A resilient structure is understood to be any structure that has the capacity to
return to its original shape or state and therewith exerts a force causing the
change to be undone. Such a structure may include springs e.g. spiral or leaf
springs, from a metal for example. Alternatively air springs can be used or the
structure can be constructed from elastic materials such as foam. For the first
resilient portion it is not essential that the force exerted increases with the
amount of deformation. E.g. the first resilient portion may be an air spring
having a constant pressure regulation. Alternatively the first resilient portion
may use electric or magnetic fields to restore its original shape. '

It is remarked that JP 2007-027408 describes a suction nozzle mechanism having
a first compression coil spring having a small spring constant k1 and a free
length L1 and a second compression coil spring having a large spring constant k2
and having a free length L2 smaller than L1. When the suction nozzle is
compressed over a small distance only the first compression coil is compressed, so
that the suction nozzle exerts a relatively low force at the object to be picked up.
When the suction nozzle is compressed over a relatively large distance also the -
second compression coil is compressed so that a relatively large force is exerted at
the object when it is placed on a target.

Accordingly, contrary to the placement device according to the present invention,
the force exerted by the device disclosed in the Japanese document in increases
relatively slowly as a function of displacement until the displacement becomes
larger than the free length of the second compression coil spring and increases
relatively fast at a further displacement.

The placement device according to the invention having a resilient structure with
a first resilient portion having a relatively low stiffness and a second resilient
portion having a relatively high stiffness provides for a resultant force on the
gripper increases relatively fast to a value sufficiently strong to prevent the
gripper from bouncing back makes while the exerted force remains modest.
Moreover the present invention allows this force displacement characteristic to

be achieved without complex mechatronic control means.

For the purpose of the present invention it is not relevant how the gripper holds

the component. Dependent on the type of components to be mounted various
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technologies may be used, e.g. the gripper may have a vacuum head, use

magnetic forces or comprise a clamp.

The placement device according to the invention can be realized in different
ways. In a first embodiment the first resilient structure has a first end exerting a
force in the first direction, and a range limiter for limiting a movement of the
first end in the first direction. The second resilient portion exerts a force between
the gripper and the first end of the first resilient portion. If the gripper collides
with the substrate the gripper causes the second resilient portion to deform.
Initially the force exerted by the second resilient portion on the gripper, increases
rapidly with the relative displacement of the gripper until a predetefmined value
has been reached. After this point the first resilient portion starts deforming and
the relative position has no significant influence on the force build-up anymore.
In a second embodiment the first resilient portion exerts a first force upon the
gripper in the first direction along the first axis. The second resilient portion
exerts a second force opposite to said first direction upon the gripper until the

change in relative position exceeds the predetermined value.

The second resilient portion may be pretensioned, but this is not necessary. For
example in the second embodiment, a working range of the second resilient
portion may be limited by a range limiter that externally prevents the second
resilient portion to expand beyond a predetermined range. Alternatively the
second resilient portion may itself have a range equal to the predetermined
range. In that case the second resilient portion may be mounted either
exclusively to the gripper or exclusively to the holder, so that it does not exert a
negative force if its range is exceeded. As soon as the change in relative position
of the gripper from its reference position exceeds the predetermined value, the
second resilient portion no longer contributes to the mechanical coupling between
the gripper and the holder and therewith ceases to exert a force opposite to said

first direction.

In a preferred embodiment the holder and the gripper are coupled by a tilting
member allowing the gripper to tilt away from the first axis. In this way the
holder can make small lateral displacements without causing lateral

displacements of the component or stress build-up in the gripper after the
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collision of the gripper with the component and the substrate where it is to be

mounted or the surface where it is to be placed.

In a preferred implementation of the latter embodiment a position dependent tilt
limiter limits the orientation of the gripper to a reference orientation when the
gripper is in its reference position relative to the holder. In this way the gripper
has a predetermined reference orientation, preferably aligned along the first axis,
at least until the moment that it contacts the substrate. As soon as the gripper
displaces along its first axis due to contact forces that come into existence when
the gripper with the component touches the substrate the gripper is allowed to
tilt. '

The tilting member may comprise any suitable parts that allow the gripper to tilt
away from the first axis, e.g. a hinge, a flexible rod. The tilting member may
allow for a tilt in a single angular direction or in a range of angular directions.
The magnitude of the tilt may be limited within a predetermined range. A
practical embodiment has been found to be a displacement device wherein the
tilting member is formed by a membrane mounted in a plane transverse to the
first axis. The membrane biases the orientation of the gripper along the first axis,

but allows the gripper to tilt from the first axis in an arbitrary direction.

The membrane alone may serve as a first resilient portion that exerts a first force
upon the gripper in the first direction along the first axis. In an embodiment the
displacement device includes a pretensioning structure for applying a pretension
to the membrane in the first direction. In this way it is easier to tune the
resulting force upon the gripper in the first direction, and the force with which
the membrane resists against a deviation of the orientation of the gripper {from

the first axis.

The membrane alone may also serve as a second resilient portion. In an
embodiment the membrane can be pretensioned with a first resilient portion, e.g.

an air spring.

The position dependent tilt limiter preferably includes a stop piece on the gripper
and a support structure on the holder, wherein the first resilient portion forces

the stop piece to the support structure in an unloaded state of the gripper. In the
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unloaded state, the forced contact of the stop piece against the support structure
restricts a tilt of the gripper. When the gripper is depressed upon contact of the
gripper with the component on the substrate the restriction is gradually
cancelled. In an implementation one or both of the stop piece and the support
structure may comprise a resilient material, and therewith serve as a second 4

resilient portion.

Damping is understood to be the development of a force that counteracts a
movement, proportional to the velocity of a movement. Damping in the movement
between the gripper and the holder is generally inherently present and desired as
it supports in reducing vibrations. However it is difficult to tune the béhaviour of
the system comprising placement device, component and substrate by
dimensioning the damping alone. Accordingly it is preferred to add no additional
damping to the damping inherently present and to control the behaviour of the
system by dimensioning the resilient coupling between gripper and holder. In
this case the mechanical behaviour of the system comprising placement device,
component and substrate can still be optimized by tuning a spring constant of the
resilient structure and using the damping of the substrate in this system.
Preferably the characteristics e.g. a spring constant of the resilient structure are
based on an observed behaviour of the system comprising placement device,
component and substrate. This behaviour is a.o. determined by damping in the
movement between gripper and holder, damping in the component and the

substrate and loss of energy during the collision.

A suitable method to calculate the desired spring constant or other desired
characteristic of the resilient structure of a placement device according to one of
the previous claims, comprises the steps of
- causing a predetermined load to collide with the substrate,
- measuring a characteristic of vibrations of the substrate/gripper
resulting from the collision,
calculating the desired characteristic of the resilient structure from the measured

characteristic.

An assembly device according to the present invention comprises a placement

device as described above and further comprises a displacement device for
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relatively displacing the placement device in a direction along the first axis as
well as a direction transverse to the first axis. The displacement device may
cause relative displacement transverse to the first axis by displacing the

substrate or by displacing the placement device, or by a combination of both.

BRIEF DESCRIPTION OF THE DRAWING

These and other aspects of the invention are described in more detail with
reference to the drawing. Therein

Figure 1 schematically shows an assembly device wherein a placement device
according to the invention can be used,

Figure 2 shows a first embodiment of a placement device according to the
invention,

Figures 2A, 2B and 2C shows a portion of this first embodiment in three different
operational states,

Figure 3 shows a relationship between a force exerted on the gripper as a
function of the displacement of the gripper relative to the holder,

Figure 4 shows a second embodiment of a placement device according to the
invention,

Figure 5 shows a third embodiment of a placement device according to the
invention,

Figure 6 illustrates consequences of a deviation of a lateral position of the
gripper,

Figure 7A and 7B schematically shows a fourth embodiment of a placement
device according to the invention in a first and a second operational state,
Figure 8A and 8B schematically shows a fifth embodiment of a placement device
according to the invention in a first and a second operational state,

Figure 9A shows an absolute displacement of the gripper as a function of time for
a placement device according to the invention in comparison with placement
devices not according to the invention,

Figure 9B shows forces occurring between the gripper and the component as a
function of time for a placement device according to the invention in comparison

with placement devices not according to the invention.

DETAILED DESCRIPTION OF EMBODIMENTS
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Figure 1 schematically shows an assembly device 1. The assembly device 1
comprises a placement device 100 and a displacement device for relatively
displacing the placement device in a direction along a first axis (z) as well as a
direction transverse to the first axis (x). The displacement device comprises a
first sledge 21 that is moveable along the x-axis along a rail 22, and a second |
sledge 23 that is movable with relatively to the first sledge 21 in the z-direction.
The placement device 100 is arranged to grip a component 30 from a conveyor
belt 40 for example and after being displaced by the displacement device 21, 22,

23 mount this to a printed circuit board 50.

Although in the embodiment the first sledge 21 moves the placementAdevice 100
in a direction orthogonal to the z—direction the movement direction of the sledge
may be in a direction orientated at another non-zero angle with the z-axis.
Alternatively the displacement device may be capable of displacing the placement

device in a range of directions.

Figure 2 schematically shows a first embodiment of a placement device 100
according to the invention. The placement device comprises a gripper 110, a
holder 120 and a resilient structure 130. The gripper 110 and the holder 120 are
at least moveable relative to each other along a first axis, the z-axis. The resilient
structure 130 biases the gripper 110 in a reference poéition relative to the holder
by exerting a resultant force in a first direction (along the z-axis) upon a change
of the relative position of the gripper opposite to the first direction (contrary to
the z-dxis). As shown in more detail in Figure 2A, the resilient structure 130
comprises a first resilient portion 131 having a relatively low stiffness and a
second resilient portion 135 having a relatively high stiffness. The first resilient
portion is pretensioned.

In particular the first resilient portion 131 has a first end 132 exerting a force F1
in the first direction, and a range limiter in the form of a ring 133 mounted in the
holder 120 for limiting a movement of the first end 132 in the first direction. The
second resilient portion exerts a force F2 between the gripper 110 and the first
end 132 of the first resilient portion 131.

The operation of the embodiment shown in Figures 2 and 2A is illustrated with
reference to Figure 3. Therein the value p along the horizontal axis shows the

position of the gripper 110 relative to the holder. A position p=0 (situation a)
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indicates the reference position wherein the gripper 110 is biased by the resilient
structure 130 against an end 121 of the holder 120 as shown in Figure 2A.
Figure 2B shows the situation wherein the gripper 110 is relatively displaced in
the z-direction. Due to this displacement pb the second resilient portion 135 is
compressed as a result of which a spring tension F2b is developed in the second
resilient portion. The spring tension F2 is related to the displacement p in this
region by the relation:

F2 = k2.p, wherein k2 is a spring constant of second resilient portion. With
increasing displacement of the gripper 110 the force exerted by the gripper on the
substrate rapidly increases with this relation until the force exceeds the force F1
that is exerted by the first resilient portion 131. At that moment the second
resilient portion 135 starts to press the end 132 of the first resilient portion 131

from the range limiter 133, as shown in Figure 2C.
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From that moment the effective stiffness is determined by the combination of the
springs and the force only increases with the slope

k +k,
The value Kk’ is less than ke, as k2 > k.
Accordingly after the force exerted by the spring has reached the desired value
F1o, it only modestly increases, even if the gripper has a substantial relative

displacement.

Figure 4 shows a second embodiment. Parts therein corresponding to those in
Figure 2 have reference number that is 100 higher. In that embodimént the first
resilient portion exerts a first force F1 upon the gripper in the first direction
along the first axis, the z-axis, and the second resilient portion exerts a second
force F2 opposite to said first direction upon the gripper until the change in
relative position exceeds the predetermined value.

In the reference position the net force exerted on the gripper 210 is zero, as the
individual forces exerted by the first and the second resilient portion 231, 235 are
balanced. When the gripper 210 with a component touches the substrate, the l
gripper is depressed, resulting in an increasing tense on the first resilient portion
231 and a relaxation of the second resilient portion 235.

Accordingly if the gripper 210 is depressed over a distance p, the net force
exerted on the gripper 210 increases relatively strongly with (ki+ks).p, until the
depression p exeeds the range of the second resilient portion 235. The range of
the second resilient portion 235 may be limited autonomously or by a range
limiter present in the holder 220. Once the range is exceeded the net force
exerted on the gripper 210 only increases relatively slowly with ki.p, so that a
comparable force-displacement characteristic is obtained as with the embodiment

shown in Figure 2.

Figure 5 shows a third embodiment of a placement device according to the
invention. Parts therein corresponding to those in Figure 2 have reference
number that is 200 higher. In the placement device of Figure 5 the gripper 310 is
guided by a first 331 and a second leaf spring 335. Both leaf springs are
pretensioned. The gripper 310 is coupled to narrowed end portions 334, 337 of the
leaf springs. These end portions 334, 337 function as hinges. As long as the
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second leaf spring 335 is supported by the support structure 321, a relatively
small portion of the second leaf spring 335 extending beyond the support
structure 321 determines the effective stiffness of the resilient structure 331,
335. This relatively small portion of the second leaf spring 335 forms the second
resilient portion. At the moment that the second leaf spring 335 comes apart.
from the support structure 321 then the resulting stiffness is determined by the
combination of the leaf springs. The combination of the leaf springs 331, 335
forms a first resilient portion. As the total length of these springs 331, 335 is
substantially longer than the relatively small portion of the second leaf spring
335 extending beyond the support structure 321, this combination has a
substantially lower stiffness, so that the force exerted by the resﬂienf structure
331, 335 only modestly increases with further displacement of the gripper 310.
This construction has the advantage that it can be realized with relatively simple
means. In practice this construction almost can be realized from a single piece of
material, e.g. by laser cutting of a plate of spring steel. A disadvantage is
however that the construction is not symmetric. This may have the consequence
that vibrations in the resilient structure after a collision also have lateral

components, which cause displacement inaccuracies.

Figure 6 schematically shows in four subsequent situations I-IV a collision of a
gripper 10 with a component 30 against a substrate 50. The gripper 10 is
movably coupled to a holder 20 via a guidance 26 and restricted by a support
structure 25. In situation I the gripper 10 with component 30 approaches the
substrate 50. In situation II the gripper 10 with the component 30 makes initial
contact with the substrate. At this moment, when the gripper 10 stops its
movement the component 30 is placed at a position indicated by reference line 52.
As shown schematically in situation III during the movement of the gripper
relative to the holder 20, the gripper may also incur a lateral displacement D for
example because the relative movement of the gripper 10 is not fully aligned with
the direction of movement of the holder 20, as shown here. Due to this lateral
displacement, either a tension may be built up in the gripper 10 in case of a high
friction between component and substrate as shown in situation III, or, as shown
in situation IV the component may be displaced from the position where it was
originally placed in case of a relatively low friction between component and

substrate.
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In a fourth embodiment of the placement device according to the invention,
shown in Figures 7A, 7B the holder and the gripper are coupled by a tilting
member 460 allowing the gripper to tilt away from the first axis. Parts therein
corresponding to those in Figure 2 have a reference number that is 200 highér.
The tilting member is formed by a membrane 460 oriented transverse to the first
axis z. The gripper 410 is mounted with a flange 461 to the membrane 460. In a
preferred embodiment the flange 461 is mounted on top of the membrane 460
such that the center of gravity of the combination of gripper 410, component 430
and flange 461 is close to the rotation point of the membrane 460. Aysupport
structure 435 functions as the second resilient portion. In the embodiment shown
the support structure is a cupped spring washer. The first resilient portion 431 is
an air chamber. This functions as a pretensioning structure for applying a

pretension to the membrane 460 in the first direction.

In the reference position of the gripper, shown in Figure 7A, the pretensioning
structure presses the flange 461 of the membrane 460 to the support structure
435. The flange 461 forms a stop piece on the gripper 410. Accordingly the ﬂangé
461 and the support structure 435 forces the gripper into a reference position and
therewith function as a position dependent tilt limiter. In Figure 7B, showing
schematically a depressed position of the gripper 410, the stop piece 461 is
released from the support structure 435 and allows the gripper 410 to tilt. This
tilting movement compensates for the lateral displacement D (Fig. 6) of the end
412 of the gripper 410. Accordingly, in the situation shown in Figure 7B no
tension is built up in the gripper 410 contrary to the situation ITI shown in
Figure 6. Also a displacement of the component 430 as in situation IV shown in
Figure 6 is prevented. To facilitate a tilting movement between the gripper 410
and the component 430 the top 411 of the gripper 410 may be made of a flexible

material, e.g. of rubber.

Figure 8A and 8B schematically shows a fifth embodiment of the invention. Parts
therein corresponding to those in Figure 2 have a reference numeral that is 400
higher. In the embodiment shown therein the gripper 510 has a widened portion
561 that cooperates with a tapered hole 522 in a disc 521 of resilient material.

The disc functions as second resilient portion. In the reference position of the
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gripper 510 tilt thereof is limited by the cooperating widened portion 561 and
recess 522. After depression of the gripper 510 (Figure 8B) the more narrow part
512 of the gripper is allowed to move laterally within the hole 522.

In a practical application the embodiment of Figure 7A was carried out as
follows:

The stiffness of the high stiffness spring and the low stiffness spring was 300
N/mm, and 60 N/mm respectively. The pretension force of the springs was 5N,
and the gripper with a mass of 4.4 g was applied with a collision speed of 150
mm/s. |

A simulation result is shown in Figure 9A. Figure 9A shows the displacement p
of the gripper as a function of time t. At p is 0, the gripper with the component
touches the top surface of base structure, without exerting a pressure thereon. A
negative length represents a deformation of material around the contact points
between the gripper with the component and the substrate.

Graph I shows the results for a free moving gripper guided by the drive unit. It
can be seen that the substrate is moderately depressed, but that the gripper soon
losses contact with the substrate. |
Graph II shows the results for a gripper guided by the drive unit. However, in
this case the gripper is coupled to the holder by a single pretensioned spring that
exerts a force just strong enough to prevent rebounce of gripper. In this situation
the gripper maintains contact with the substrate during a longer time-interval.
However, the substrate is deformed about twice as much as in the first case.
Graph III shows the results for a placement device according to the invention,
wherein the gripper is coupled to the holder with the resilient structure
comprising a first resilient portion having a relatively low stiffness and a second
resilient portion having a relatively high stiffness, the first resilient portion being
pretensioned. It can be concluded from the third graph in Figure 9A that the
gripper maintains contact with the substrate during a longer time-interval while
only moderately deforming the substrate.

Figure 9B shows the force F exerted on the substrate during the collision in the
three situations I, II and III described above. In addition graph IV shows the
resultant spring force between the holder and the gripper.

It can be seen in graph IV that the placement device according to the present

invention the force exerted by the resilient structure on the gripper rapidly
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increases from zero to a predetermined value and subsequently remains
substantially constant. As a result, the force exerted by the gripper on the
substrate remains low, comparable to the case without a resilient structure, but a
rebounce of the substrate is prevented.
Optimal values for the values of the individual spring constants can be
determined by measuring the vibrations of the substrate upon a collision with the
gripper or another object having the same speed and mass. Accordingly said
method comprises the steps of

- causing a predetermined load to collide with the substrate,

- measuring a characteristic of vibrations of the substrate/gripper

resulting from the collision, |
- calculating the desired characteristic of the resilient structure from

the measured characteristic.

For optimizing the force to be exerted on the gripper to prevent rebounce the
collision of the gripper with component on a substrate has been modeled as a
single degree of freedom damped mass-spring system. The equivalent parameters
of the model have been determined by conducting a series of experiments with a
gripper moveably coupled to the drive unit without any extra force added
between gripper and drive unit. During the experiment the impact speed Vimpact,
rebounce speed Vrebounce and contact duration teontact of the first collision has been
measured. The experiments showed that within the measurement range of the
impact speed (50-350) mm/s, the contact duration was not significantly
influenced by the collision speed. The contact duration was also found out to be
almost linearly proportional to the mass of the gripper. Therefore in the model a
spring with constant spring stiffness has been used to represent the elastic

deformations in gripper, component and substrate during the collision.
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The differential equation of the model and the equations used to calculate the
equivalent parameters of the model based on the measurement data are as

follows:

In which m is mass, k is spring stiffness, ¢ is damping, z is distance between
gripper/component and substrate (negative value represents a deformation of the
material around the contact points) and teoision is time between first moment of
contact between gripper/component and substrate and the moment at which the
contact is broken due to a rebounce of the gripper and component. With the
model the stiffness of the spring between gripper and drive unit can be tuned
such that the force on the gripper builds up just fast enough to prevent rebounce
and subsequently the force build-up can be limited as much as possible (see

figures 9A and 9B).
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CLAIMS

1. A placement device (100) comprising a gripper (110), a holder (120) and a
resilient structure (130), the gripper and the holder being at least moveable
relative to each other along a first axis (z), wherein the resilient structure (130)
biases the gripper in a reference position (Fig. 2A) relative to the holder by
exerting a resultant force in a first direction along the first axis upon a change of
the relative position of the gripper opposite to the first direction, wherein the
resilient structure comprises a first resilient portion (131) having a relatively low
stiffness and a second resilient portion (135) having a relatively high stiffness,
the first resilient portion being pretensioned, wherein the first resiliént portion
(131) and the second resilient portion (135) cooperate to realize that a force
exerted by the gripper (110) increases relatively fast to a first value (Flo) upon a
displacement (p) of the gripper (110) relative to the holder (120) and remains
relatively independent of said relative displacement after said first value is

reached.

2. A placement device according to claim 1, wherein the first resilient portion
(135) has a first end (132) exerting a force (F1) in the first direction, and a range
limiter (133) for limiting a movement of the first end in the first direction, and
wherein the second resilient portion (135) exerts a force (F2) between the gripper

(110) and the first end of the first resilient portion.

3. A placement device according to claim 1, wherein the first resilient portion
(231) exerts a first force upon the gripper (210) in the first direction along the
first axis (z) and wherein the second resilient portion (235) exerts a second force
opposite to said first direction upon the gripper until the change in relative

position exceeds a predetermined value.

4, A placement device according to claim 3, wherein the second resilient
portion (235) is mounted either exclusively to the gripper or exclusively to the

holder.
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5. A placement device according to claim 1, wherein the gripper (310) is
guided by a first (331) and a second leaf spring (335), the gripper (310) being
coupled to end portions (334, 337) of the leaf springs, which second leaf spring
(335) is pretensioned against a support structure (321), wherein a portion of the
second leaf spring extending beyond the support structure (321) functions as the

second resilient structure.

6. A placement device according to one of the previous claims, wherein the
holder (420) and the gripper (410) are coupled by a tilting member (460) allowing
the gripper to tilt away from the first axis (z).

7. A placement device according to claim 6, wherein the tilting member (460)

is formed by a membrane mounted transverse to the first axis.

8. A placement device according to claim 6, wherein a position dependent tilt
limiter (461, 435) limits the orientation of the gripper (410) to a reference
orientation (z) when the gripper is in its reference position relative to the holder

(420).

9. A placement device according to claim 7, which includes a pretensioning
structure (431) for applying a pretension to the membrane (460) in the first

direction (z).

10. - A placement device according to claim 8 or 9, wherein the position
dependent tilt limiter (461, 435) includes a stop piece (461) on the gripper (410)
and a support structure (435) on the holder (420), and wherein the first resilient

portion forces the stop piece to the support structure in an unloaded state of the

gripper.

11. An assembly device (1) comprising a placement device (100) according to
any of the previous claims and further comprising a displacement device (21, 22,
23) for relatively displacing the placement device in a direction along the first

axis (z) as well as a direction transverse to the first axis (x).



WO 2008/156362 18 PCT/NL2008/050401

12. A method to calculate a desired characteristic of the resilient structure of
a placement device according to one of the previous claims, comprising the steps
of
- causing a predetermined load to collide with a substrate,
- measuring a characteristic of vibrations of the substrate and or gripper
structure resulting from the collision,
- calculating the desired characteristic of the resilient structure from

the measured characteristic.
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