
- 1 - APPARATUS AND METHOD FOR ARRANGING DEVICES FOR PROCESSING 5
Field of the Invention The invention relates to the processing of
devices, and in particular to arranging devices on a carrier and
aligning them with respect to a processing system for processing. 10
Background and Prior Art Semiconductor devices such as Ball Grid
Array ("BOA") packages are usually small in size and are transported
and/or processed in batches so as to increase 15 operation
efficiency. Thus, they are often loaded on a carrier in array form
for transportation and processing. Examples of processes carried out
on BGA packages arranged in array form include solder paste printing,
solder balls attaching and testing. Processing of several or all
semiconductor devices in a carrier simultaneously results in high
throughput, but that in turn requires precise 20 alignment of the
devices on the carrier prior to processing. Poor alignment of the
devices will directly affect the yield of processes subsequent to
alignment. Alignment capability and accuracy becomes even more
critical for fine pitch devices. 25 Various approaches have been
implemented in the prior art to align semiconductor devices on
carriers. In a cavity approach, a guiding plate with a cavity opened
for receiving a semiconductor device is used for aligning it with
respect to edges of the device. In US patent number 5,688,127
entitled 



"Universal Contactor System for Testing Ball Grid Array (BGA) Devices
on 30 Multiple Handlers and Method Therefor", a cavity approach is
described wherein a guide plate has a cavity that is adapted to
receive a BOA package for  - 2 - alignment. The opening size of the
cavity is reduced gradually from the device entrance point to the
inner portion of the cavity. The BGA package is guided by the
narrowing opening and is aligned with the interior walls of the
cavity at the inner portion. 5 A problem with this approach is that a
clearance must exist between the BGA package and interior walls of
the cavity to avoid jamming of the device. Also, additional clearance
should be added to accommodate any variation in sizes of different
BGA packages resulting from a prior singulation process. The
resultant 10 clearance between the BGA package and cavity may result
in poor alignment. Furthermore, the guiding interaction between the
interior walls of the cavity and BGA packages may cause potential
tilting or dislocation of packages especially if the initial
misalignment is large. 15 Alternatively, in a pin approach, two or
more pins are used to align semiconductor devices with respect to a
carrier, with apertures formed in both the devices and the carrier
for the pins to pass through for alignment. The pin approach to align
semiconductor devices with respect to a carrier is described in US
patent number 6,338,297 entitled "Precise and Rapid Positioning
Mechanism 20 for Stencil Printing" and US patent publication number
2003/042626A1 entitled "Method of Ball Grid Array (BGA) Alignment,
Method of Testing, Alignment Apparatus and Semiconductor Device
Assembly". According to the pin approach, two or more apertures are
formed in each semiconductor device, with the carrier having the same
pattern of apertures at each landing site for the semiconductor 25
devices. Apertures in the semiconductor devices and carrier are
pre-aligned, with pins passing through the apertures of both parts to
assist alignment. This approach has the shortcoming that holes have
to be formed in the semiconductor devices, which reduces the area
available for placing input/output 30 connections. Also, the holes
reduce the area available for a suction cup to pick 



up the devices during pick-and-place operations using vacuum suction.
Another  - 3 - shortcoming is that unless the pins and apertures in
both semiconductor devices and carriers have minimal clearance,
precise alignment cannot be achieved. However, it becomes very
difficult, if not impossible, to align a plurality of semiconductor
devices with the carrier by automated means if the pins and 5
apertures are of similar size so that they fit tightly. This may
require manual alignment that is not preferable for high volume
production. Even if automated means can be applied, the striking of
the pins into corresponding apertures of unaligned semiconductor
devices may cause potential tilting or dislocation. 10 In the case of
semiconductor devices that are densely populated with surface
components such as Surface-Mount Technology ("SMT") type components
on the surface to be supported, there is an additional problem of
providing adequate support for the devices. If the fragile surface
components are forcibly biased against a supporting structure, they
may be damaged. Due to this need to avoid 15 direct contact between
the supporting structure and the surface components on the supported
surface, the use of means such as vacuum suction for holding the
semiconductor device would be problematic because there would be very
little surface area on which to apply the vacuum pressure. Thus, the
vacuum suction would be relatively weaker, which may result in
unintended pick-up or 20 dislodgement when a process head such as
sticky flux transfer pins contact the surface of the device being
processed. Summary of the Invention 25 It is therefore an object of
the invention to provide an alignment apparatus and method that seeks
to overcome at least some of the disadvantages of the aforesaid prior
art. It is a related object of the invention to provide an apparatus
and method for effectively arranging and aligning semiconductor
devices containing surface components such that a limited surface
area is available for 30 contact by a structure supporting the
devices.  - 4 - According to a first aspect of the invention, there
is provided an apparatus for arranging for processing a semiconductor
device having surface components on its surface, the apparatus
comprising: a device support comprising a set of protrusions for
contacting a surface of the semiconductor device to support the 5
semiconductor device on a plane, the protrusions being arranged and
positioned such that they avoid contact with the surface components
on the surface; and a clamping device having a first set of clamps
configured for gripping the semiconductor device along a first axis
and a second set of clamps configured for gripping the semiconductor
device along a second axis perpendicular to the 



10 first axis, whereby to grip the semiconductor device supported on
the plane. According to a second aspect of the invention, there is
provided a method of arranging a semiconductor device using the
apparatus as claimed in claim 1, comprising the steps of: moving a
reference clamp from each set of clamps to 15 provide a reference
guide in each respective axis; moving a gripping clamp from the first
set of clamps to clamp the semiconductor device against the reference
clamp along the first axis; moving the gripping clamp from the first
set of clamps to unclamp the semiconductor device; moving a gripping
clamp from the second set of clamps to clamp the semiconductor device
against the reference clamp 20 along the second axis; and thereafter
moving the gripping clamp from the first set of clamps to clamp the
semiconductor device, whereby to securely align and hold onto the
semiconductor device. According to a third aspect of the invention,
there is provided an apparatus for 25 arranging for processing a
plurality of semiconductor devices having surface components on their
surfaces, the apparatus comprising: a plurality of device supports,
each device support comprising a set of protrusions for contacting a
surface of a semiconductor device to support the semiconductor device
on a plane, the protrusions being arranged and positioned such that
they avoid 30 contact with surface components on the surface; a
plurality of clamping devices, each having a first set of clamps
configured for gripping a semiconductor device  



- 5 - along a first axis and a second set of clamps configured for
gripping the semiconductor device along a second axis perpendicular
to the first axis whereby to grip the semiconductor device supported
on the plane; and a carrier for mounting said plurality of clamping
devices and device supports. It will be convenient to hereinafter
describe the invention in greater detail by reference to the
accompanying drawings. The particularity of the drawings and the
related description is not to be understood as superseding the
generality of the broad identification of the invention as defined by
the claims. Brief Description of the Drawings    Examples of
apparatus and methods for arranging devices for processing in
accordance with the invention will now be described with reference to
the 15 accompanying drawings, in which: FIGs. 1A and 1B show a top
surface and a back surface respectively of a semiconductor device
that is densely populated with surface components on the back
surface; 20 FIGs. 2A and 2B are isometric views illustrating an
apparatus according to a first preferred embodiment of the invention;
FIG. 3 is an isometric view of a device support including small
protruding islands 25 for supporting a semiconductor device; FIG. 4
is an isometric view illustrating an apparatus according to a second
preferred embodiment of the invention including a modified clamping
block for clamping a device;  - 6 - FIGs. 5A and 5B are
cross-sectional views of the clamping block shown in FIG. 4 in an
opened and a closed position respectively;   FIGs. 6A and 6B are
isometric views of a semiconductor device seated on the 5 device
support before and after being clamped by the clamping block
respectively;   FIG. 7 is an isometric view of a carrier comprising a
plurality of apparatus for aligning multiple semiconductor devices
simultaneously according to another 10 preferred embodiment of the
invention; 



FIG. 8 is an elevation view a semiconductor device that has been
clamped by four clamps, each of which comprises a single clamping
arm; and 15 FIG. 9 illustrates a preferred clamping sequence for
aligning a device using the illustrated apparatus according to the
invention. Detailed Description of the Preferred Embodiment of the
Invention 20 FIGs. 1A and 1B show a top surface and a back surface
respectively of a semiconductor device 10 that is densely populated
with surface components 12 on the back surface. FIG. 1A shows a BGA
device 10 that is ready to undergo subsequent processing such as
solder paste printing or solder ball placement. In this orientation,
the top surface is adapted to be processed, for example by 25
receiving solder paste or solder balls on the top or processed
surface. Referring now to FIG. 1B showing the back surface of the
device 10 that is used for support, the semiconductor device 10 is
densely populated with surface components 12 (such as SMT components)
on the said surface. The back 30 surface or supporting surface is to
be contacted and supported by a supporting structure during
processing of the device 10. Since the supporting structure  - 7 -
should not be allowed to apply any force on the surface components 12
to avoid damaging them, this results in a very limited area for
access by an alignment apparatus on the support surface of the
semiconductor device 10. It is thus difficult using prior art
apparatus and methods to reliability hold and align the 5 device
using this support surface. FIGs. 2A and 2B are isometric views
illustrating an apparatus according to a first 



preferred embodiment of the invention. The apparatus generally
comprises a clamping device in the form of a clamping block 34 to
grip the semiconductor 10 device 10 and for arranging it for
processing. Four sets of clamps 16, 18, 20, 22 are mounted on four
sides of the clamping block 34 corresponding to the four sides of the
device 10 whereby to grip the same. A first set of clamps 16, 20 is
configured for gripping the semiconductor device 10 along a first
axis (such as an X axis) and a second set of clamps is configured for
gripping the semiconductor 15 device 10 along a second axis (such as
a Y axis). Each clamp may comprise one or more clamping arms to grip
the device 10. In this illustrative example, each clamp comprises two
clamping arms located at each side of the clamping block 34. Each of
the clamps 16, 18, 20, 22 has an actuator to control the opening and
closing of the clamp. The semiconductor device 10 is seated on a 20
device support 14 substantially at the center of the four sets of
clamps. Each of the first and second sets of clamps includes a
reference clamp 16, 18 that is adjustable to provide a reference
guiding edge for alignment of the semiconductor device 10 along the
respective X and Y axes. One of the 25 reference clamps '16 is set in
the X axis and the other of the reference clamps 18 is set in the Y
axis. They are provided with adjustable stoppers 24, 26 coupled to
the reference clamps 16, 18 to control the stopping position of the
clamps at the end of their travel and to provide reference guiding
edges for device alignment. With proper adjustment of the stopping
position, these two sets of reference 30 clamps 16, 18 provide the X
and Y reference guiding edges for alignment of the semiconductor
device 10 in the X, Y and theta directions. Opposite to each 



- 8 - reference clamp 16, 18 is a gripping clamp, which may be in the
form of precisor clamps 20, 22. They are operable to cooperate with
the reference clamps 16, 18 to clamp the semiconductor device 10
along the respective X and Y axes. The precisor clamps 20, 22
preferably do not require stoppers. 5 Each semiconductor device 10 is
seated substantially centrally on a device support 14 with the four
sets of clamps 16, 18, 20, 22 being actuable to grip the device 10.
The semiconductor device 10 will be aligned with the X and Y
reference clamps 16, 18 as the actuation forces 27, 28, 29, 30 cause
the four 10 sets of clamps to close. Besides aligning the
semiconductor device 10, the clamps 16, 18, 20, 22 are also
configured to grip the semiconductor device 10 with sufficient
holding force to prevent dislodgement of the semiconductor device 10
during subsequent processing of the device. 15 FIG. 3 is an isometric
view of a device support 14 including protrusions, such as small
protruding islands 32, for supporting a semiconductor device 10
without interfering with the surface components 12 formed on the
support surface of the device 10. The islands 32 are preferably
extruded, and arranged and positioned at areas on the support surface
of the device 10 such that they avoid contact with 20 surface
components 12. In this way, the device 10 can be supported in space
without interfering with the surface components 12. Different
arrangements of the surface components 12 may thus require different
arrangements of the protruding islands 32, and the device support 14
may be fabricated accordingly. 25 The device support 14 is provided
at substantially the center of the clamping block 34. Therefore, the
semiconductor device 10 can be supported and positionable on a
vertical Z-level without interfering with the surface components 12
on the supporting surface. It is recommended to control the vertical
level of the semiconductor device 10 such that the clamps 16, 18, 20,
22 grip the device 30 10 at a level lower than the top or processed
surface of the device 10, preferably by about 1/4 of the thickness of
the device 10 below the processed surface, but 



- 9 - still high enough to ensure secure clamping. This ensures the
level above the device top surface is free for access by other
process tooling, and at the same time the clamping is high enough to
provide a stable clamping condition to the device for secure
clamping. 5 FIG. 4 is an isometric view illustrating an apparatus
according to a second preferred embodiment of the invention including
a modified clamping block 34 for clamping a device 10. In this
embodiment, each of the clamps 16, 18, 20, 22 is supported by and
pivotable about a pivot shaft 38 (see FIG. 5A) during actuation 10 of
the clamps. Actuators 36 located at the bottom of the clamping block
34 are operable to actuate the clamping motion by turning the clamps
about the pivot shafts 38. However, it should be understood that
other mechanisms can also be used to control the clamping motion,
such as a linear guiding system with a pusher to push the clamp. 15
One set of the X direction clamps 16 and one set of the Y direction
clamps 18 (reference clamps) mounted on the clamping block 34 are
equipped with adjustable stoppers 24, 26. As the actuator 36 pushes
the bottom portion of reference clamp 16, 18 against the stopper 24,
26, the upper portion of the 20 reference clamp 16, 18 closes and
stops at a position which can be adjusted by the stopper 24, 26.
Therefore it can provide the reference guiding edges for
semiconductor device alignment in both the X and Y directions. FIGs.
5A and 5B are cross-sectional views of the clamping block shown in
FIG. 4 25 in an open and a closed position respectively. The clamping
block 34 uses an air cylinder 40 as a means to actuate the clamps.
The adjustable stoppers 24, 26 are provided to the reference clamps
16, 18 to control the extent of movement of the same.  - 10 - Fig. 5B
shows the air cylinder 40 pushing the reference clamp 16 to bias
against the stopper 24 to control the stopping position of the
reference clamp 16. This will provide the reference guiding edge for
the semiconductor device 10. 5 The precisor clamps 20, 22 are located
on opposite sides of the device 10 from the reference clamps 16, 18.
Unlike the reference clamps 16, preferably no adjustable stoppers are
provided to the precisor clamps 20, 22. As the actuator 36 pushes the
precisor clamp 20, the precisor clamp 20 biases the semiconductor
device 10 in against the opposite reference edges and removes 



10 any initial clearance in between the reference clamps 16 and
device edges. This aligns the semiconductor device 10 with the X and
Y reference clamps 16, 18 in the clamping block 34. At the same time,
the semiconductor device 10 is also gripped in position by the clamps
16, 18, 20, 22 to withstand the lifting force that may be experienced
during subsequent processing. 15 Though various types of actuators
can be used to actuate the clamps in the clamping block 34, the air
cylinder 40 is preferred to drive the actuators 36 for the clamps 16,
18, 20, 22. On the one hand, by using the air cylinder 40 as art
actuator, the clamp gripping motion can be readily controlled by
controlling an air 20 flow rate to the air cylinder 40 to moderate
the clamping speed. This can avoid sudden and strong impact of clamps
to the semiconductor device 10 which may cause the devices to jump
out of the clamping block 34. On the other hand, the gripping force
of the clamps can also be easily controlled by controlling the air
supply pressure to the air cylinder 40. Independent control of
clamping stroke 25and gripping force of the individual clamps can
highly facilitate the alignment process, as will be shown below.   An
electrical solenoid is another preferred actuator. The force and
speed of this type of actuator can be controlled by changing the
supplied current, and it may 30provide a similar effect to that of
the air cylinder 40.  FIGs. 6A and 6B are isometric views of a device
10 seated on the device support 14 before and after being clamped by
the clamping block 34 respectively. FIG. 6A shows the semiconductor
device 10 seated in the device support 14 before the clamps 16, 18,
20, 22 close. The semiconductor device 10 is not yet aligned 5 with
the reference clamps 16, 18 as clearances exist in between the
semiconductor device 10 and four side clamps 16, 18, 20, 22. In FIG.
6B, the clearance between the semiconductor device and clamps is
removed as the clamps are closed. The semiconductor device 10 is
aligned with 10 the X and Y direction reference clamps 16, 18 and is
also gripped in position by the four side clamps 16, 18, 20,22 at the
same time for subsequent processing. As the four sets of clamps 16,
18, 20, 22 close to grip the semiconductor device 10 seated at the
center of the device support 14, the precisor clamps 20, 22 push 15
the semiconductor device 10 in against the reference clamps 16, 18 in
both X and Y directions, and thus the semiconductor device 10 is
aligned with the two reference clamps 16, 18. At the same time, the
clamps 20,22 provide a gripping force to hold the semiconductor
device against lifting forces that may be experienced in subsequent
processes (eg. flux sticky force on BGA device in a 



20 pin transfer process). This provides a method which is feasible to
align and hold a semiconductor device 10 at the same time even with
surface components 12 populated on the support side of a device 10.
The above alignment method is not limited to aligning a single
semiconductor 25 device. It can also be applied to align a plurality
of devices. FIG. 7 is an isometric view of a carrier 44 comprising a
plurality of clamping blocks 34 for aligning multiple semiconductor
devices 10 simultaneously according to another preferred embodiment
of the invention. Arrays of pockets are formed on a top surface 42 of
the carrier 44 with each pocket accommodating one semiconductor 30
device 10. Each pocket has openings at four sides of the device for
access of its four edges by the clamps of the clamping blocks 34 to
align and grip a  - 12 - semiconductor device 10. The arrays of
clamping blocks are mounted in a push block corresponding to each
tray pocket position. By aligning the stopping positions of the X and
Y reference clamps in each clamping block by using an adjustable
stopper, multiple devices can be aligned together simultaneously for
5 subsequent processing while being damped on the carrier 44. Though
a clamping block 34 with a pair of clamps at each of the four sides
of a device 10 is used as an illustration, it should be understood
that the number of clamps at each side of a device can be reduced to
one to accommodate small 10 form factor semiconductor devices. FIG. 8
is an elevation view a semiconductor device 10 that has been clamped
by four clamps, each of which comprises a single clamping arm 16',
18', 20' 22' on each side of a device 10. This is suitable for use
with small form factor semiconductor devices 10 due to limited space
for access to the four sides of the device 10. 15 HG. 9 illustrates a
preferred clamping sequence for aligning a semiconductor device 10
using the illustrated apparatus according to the invention for
achieving alignment of the device 10. 20 Instead of closing all of
the clamps in the clamping block 34 at the same time to align and
hold the device 10, the following damping sequence is proposed to
facilitate the alignment process of semiconductor device 10. Firstly,
the X and Y reference clamps 16, 18 close to provide guiding
reference edges to the semiconductor device 10. Secondly, the X
procisor clamp 20 closes to align the 



25 semiconductor device 10 against the X reference clamp 16. Thirdly,
the X precisor clamp 20 is opened, and leaves the semiconductor
device 10 closely aligned with the X reference clamp 16 with only a
very minimal clearance. Fourthly, the Y prOcisor clamp 22 closes to
align the semiconductor device against the Y reference damp 18.  - 13
- It is preferred that the semiconductor device is not gripped by X
direction precisor clamps 20 during the closing of the Y precisor
clamp 22, since it will introduce scratches to the edges of
semiconductor device 10 due to sliding between semiconductor device
10 and the X direction clamps 16, 20 under friction. This 5 affects
the cosmetic appearance of the semiconductor device 10 even if there
is no damage to its electrical components.    The final step is to
close the X precisor clamp 20 to remove the minimal clearance between
semiconductor device 10 and X reference clamp 16 10 remaining from
the previous clamping sequence. With the minimal initial clearance
between semiconductor device 10 and X reference clamp 16, the X
precisor clamp 20 can then align the semiconductor device 10 against
the X reference clamp 16 without introducing scratch damage 15 to the
device 10. It should be appreciated that the aforesaid alignment
method does not require accessing a significant portion of the
support surfaces of the semiconductor devices 10. Therefore, it is
applicable to semiconductor devices 10 which are 20 highly populated
with surface components 12 on the support surface. Besides aligning
the semiconductor device 10, it also provides a gripping force to the
semiconductor device 10 at the same time to withstand pick up forces
exerted on the semiconductor device 10 that may be experienced in
subsequent processes. The proposed clamping sequence can therefore
result in scratch free alignment 25 with virtually no clearance,
which provides greater accuracy. 



The invention described herein is susceptible to variations,
modifications and/or additions other than those specifically
described and it is to be understood that the invention includes all
such variations, modifications and/or additions which fall 30 within
the spirit and scope of the above description.  -14- CLAIMS: 1. An
apparatus for arranging a semiconductor device for processing, the
semiconductor device having surface components on its surface and
having 5sides, the apparatus comprising:        a device support
comprising a set of protrusions configured and positioned to contact
the surface of the semiconductor device without contacting the
surface components on the surface of the semiconductor device, the
set of protrusions being configured to support the semicondOctor
device on a plane; 10a clamping device having a first set of clamp's
configured for gripping the sides of the semiconductor device along a
first axis and the clamping device further having a second set of
clamps configured for gripping the sides of the semiconductor device
along a second axis perpendicular to the first axis; each of the
first and second set of clamps comprising a reference clamp 15 having
a reference guiding edge and a predetermined end position for
clamping the semiconductor device, the reference guiding edge being
movable into the predetermined end position and being operable for
alignment of the semiconductor device along a respective axis, the
reference clamp further having a lower portion and a pivot shaft
positioned between the reference guiding edge 



20and the lower portion, the reference clamp being pivotable around
the pivot shaft;       each of the first and second set of clamps
further comprising a gripping clamp located opposite to the reference
clamp of the same set, the gripping clamp having an end position
which is defined by an edge of the semiconductor device being clamped
and being operable to provide a gripping force onto the 25
semiconductor device to clamp the semiconductor device against the
reference guiding edge of the reference clamp along the respective
axis;       an adjustable stopper coupled to the reference clamp, the
adjustable stopper defining the predetermined end position of the
reference damp, the adjustable stopper having a height extending
along a substantial length of the 30 lower portion of the reference
clamp, the stopper being operable to control an end position of the
lower portion of the reference clamp; and  - 15 -       an actuator
operable to drive the lower portion of the reference clamp into the
end position in which the lower portion is fixedly secured between
the actuator and the stopper, the actuator being aligned with the
stopper such that the actuator is positioned entirely within a space
defined by the height of the 5 stopper.  2. An apparatus as claimed
in claim 1, wherein the clamps are further configured to grip the
sides of the semiconductor device with sufficient holding force to
prevent dislodgement of the semiconductor device during processing.
10  3. An apparatus as claimed in claim 1 or claim 2, wherein the
clamps are configured to grip the sides of the semiconductor device
at a level located lower than a processed surface of the
semiconductor device. 15 4.An apparatus as claimed in claim 3,
wherein the clamps are configured to grip the sides of the
semiconductor device at the level located approximately 1/4 of the
thickness of the semiconductor device below the processed surface.
5,An apparatus as claimed in any one of the preceding claims, wherein
the 



20actuator comprises an air cylinder. 6.An apparatus as claimed in
any one of the preceding claims, wherein the actuator comprises an
electrical solenoid. 25 7.An apparatus as claimed in any one of the
preceding claims, including a carrier configured for mounting a
plurality of clamping devices so as to arrange a plurality of
semiconductor devices on the carrier, each clamping device being
operable to align and grip sides of one of the semiconductor devices.
-16- 8. An apparatus as claimed in claim 7, wherein the plurality of
clamping devices are configured to align and grip sides of all the
semiconductor devices simultaneously, 5 9.An apparatus as claimed in
any one of the preceding claims, wherein each clamp comprises two
clamping arms.    10. An apparatus as claimed in any one of the
preceding claims, wherein the device support is located substantially
centrally of the clamping device. 10  11. An apparatus for arranging
a plurality of semiconductor devices for processing, each
semiconductor device having surface components on its surface and
having sides, the apparatus comprising: a plurality of device
supports, each device support comprising a set of 15 protrusions
configured and positioned to contact the surface of one of the
semiconductor devices without contacting surface components on the
surface of the one of the semiconductor devices, the set of
protrusions being configured to support the one of the semiconductor
devices on a plane; 



a plurality of clamping devices, each clamping device having a first
set of 20 clamps configured for gripping the sides of the one of the
semiconductor devices along a first axis and each clamping device
further having a second set of clamps configured for gripping the
sides of the one of the semiconductor devices along a second axis
perpendicular to the first axis; each of the first and second set of
clamps comprising a reference clamp 25 having a reference guiding
edge and a predetermined end position for clamping the semiconductor
device, the reference guiding edge being movable into the
predetermined end position and operable for alignment of the
semiconductor device along a respective axis, the reference clamp
further having a lower portion and a pivot shaft positioned between
the reference guiding edge and the lower 30portion, the reference
clamp being pivotable around the pivot shaft;  - 17 -       each of
the first and second set of clamps further comprising a gripping
clamp located opposite to the reference clamp of the same set, the
gripping clamp having an end position which is defined by an edge of
the semiconductor device being clamped and being operable to provide
a gripping force onto the 5 semiconductor device to clamp the
semiconductor device against the reference guiding edge of the
reference clamp along the respective axis;       a plurality of
adjustable stoppers, each adjustable stopper being coupled to one of
the reference clamps, each adjustable stopper defining the
predetermined end position of the coupled reference clamp, each
adjustable 10  stopper having a height extending along a substantial
length of the lower portion of the coupled reference clamp, and each
stopper being operable to control an end position of the lower
portion of the associated reference clamp; and       a plurality of
actuators, each actuator being associated with one of the reference
clamps and each actuator being operable to drive the lower portion of
15  the associated reference clamp into the end position in which the
lower portion is fixedly secured between the actuator and the
stopper, each actuator being aligned with an adjustable stopper
coupled to the associated reference clamp such that each actuator is
positioned entirely within a space defined by the height of the
coupled stopper; and 20a carrier for mounting the plurality of
clamping devices and device supports. 




