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Wire Border with a Suction Device for Pullini; Flat and Holding Down a
Curved Substrate The invention concerns a Dre Border and/or Wire Border
with a suction device for pulling flat and holding down a curved substrate
of the type named in the preamble of Claim 1. When mounting semiconductor
chips on a substrate by means of a so-called Die Border, the substrate is
transported on a supporting surface in steps of a predetermined distance so
that a semiconductor chip can be mounted at the foreseen location. In order
that the substrate lies flat on the supporting surface, the supporting
surface has a drill hole connectable to a vacuum source for the suction and
holding down of the substrate. Some substrates, for example BGA`"s (Ball
Grid Array) which are already equipped with semiconductor chips and which
are first to be coated with adhesive and then equipped with a second
semiconductor chip or those which are fed to the bonding station of a Wire
Border for the making of wire connections, can, under certain
circumstances, be curved to such an extent that suction of the substrate is
unsuccessful The object of the invention is to specify a suction device
which can hold down even strongly curved substrates level with the
supporting surface. The invention consists of the features given in Claim I
. Advantageous embodiments result from the dependent claims. The invention
consists in that cavities are foreseen in the supporting surface with
raisable and lowerable vacuum grippers made of flexible and in shape stable
material. With a Die Border, the substrate is always advanced in steps to
the dispensing station where adhesive is applied and then to the bonding
station where the next semiconductor chip is mounted. With a Wire Border,
the substrate is always advanced in steps to the bonding station where the
wires are attached between the semiconductor chip and the substrate. During
the forward feed of the curved substrate the vacuum grippers are lowered
into the cavities. As soon as the substrate has reached its position, the
vacuum grippers are raised by a predetermined distance by means of a
lifting cylinder and vacuum is applied. In this position, the vacuum
grippers protrude beyond the level of the supporting surface. As soon as
the vacuum gripper touches the underneath of the curved substrate, a more
or less well-sealed cavity is created. The pressure difference between the
pressure on the upper surface of the substrate (atmospheric pressure) and
the pressure in the cavity on the underneath (vacuum) then has the effect
that the substrate is pressed flat against the supporting surface whereby
the flexible vacuum gripper is compressed As soon as the process
application of adhesive or mounting of semiconductor chip or wiring - is
completed, the vacuum is released and the lining cylinder is lowered. The
solution in accordance with the invention has the advantage that. during
forward feed of the substrate, the vacuum grippers are located lowered
below the supporting surface and therefore can not interfere with the
forward teed of the substrate. *C00002*   12 JUL 2002 



2 In the following, an embodiment of the invention is described in more
detail based on the drawing which is not to scale. It is shown in: Fig. I
A, B a cross-section and a plan view of a suction device for receiving a
substrate, and Fig. 2 a further suction device. Figs. 1 A and 1 B show a
cross-section and a plan view of a suction device with a plate 1 having a
level supporting surface 2 for receiving a substrate 3. The substrate 3 is
fed forwards in steps by a not presented transport arrangement in a
transport direction 4 to a processing station where adhesive is applied or
where it is equipped with a semiconductor chip or where wire connections
are made between a mounted semiconductor chip and the substrate 3. The
plate 1 has a drill hole 5 connectable to a vacuum source which can be
switched on and off and a groove 6 let into the supporting surface 2. The
groove 6 is located at the position of the processing station. The plate 1
contains four cavities 7 arranged in a matrix shape which are open towards
the supporting surface 2 in each of which a lowered flexible vacuum gripper
8.l to 8.4 is arranged. The vacuum grippers 8.1 to 8.4 are preferably
so-called bellow-type vacuum grippers which, thanks to the folds, can be
compressed in their longditudinal direction. The four vacuum grippers 8.1
to 8.4 are mounted on a carrier plate 9 which is moved up and down beriveen
an upper travel limit and a lower travel limit by means of a pneumatically
driven lifting cylinder 10. The lower travel limit and the upper travel
limit are defined by means of stops. The upper travel limit is defined, for
example, by means of screws I 1 arranged in the carrier plate 9 tire heads
of which, on raising the lifting cylinder 10, strike on the plate I . By
means of the screws I 1 it can be precisely defined by which distance D the
vacuum grippers 8 1 to 8.4 protrude above the level of the supporting
surface 2 at the upper travel limit. At the upper travel limit, the vacuum
grippers 8. I to 8.4 protrude above the level of the supporting surface 2
by a distance D of typically around 2 mm. 'fhe distance D is dependent on
the maximum curvature of the substrate 3. At the lower travel limit, the
vacuum grippers 8.l to 8.4 are located completely lowered within the
respective cavity 7 so that the forward feed of the substrate 3 can take
place unhindered. On the one hand, with increasing diameter of the suction
opening of the bellow-type vacuum gripper, the force acting upon the
substrate 3 increases when vacuum is applied while, on the other hand, the
rigidity of the bellow-type vacuum gripper increases which offers
mechanical resistance to the suction of the substrate 3. Bellow-type vacuum
trippers of type FG 9 from the company Schmalz have proved to be reliable.
'l~he two vacuum grippers 8 I and 8.? which are arranged at the same level
when viewed in transport direction 4 are connected to n not presented
vacuum source by means of a first valve 12. The two V1CLIUIrI grippers 8.3
and 8.4 which are also arranged at the same level when viewed in transport
direction 4 are   ~ z ~u~ 200 3 connected to the vacuum source by means of
a second valve 13. The drill hole 5 is connected to the vacuum source by
means of a third valve 14. In operation, the suction device works
correspondingly to the working cycle of the machine as follows: The lifting
cylinder 10 is first located at its lower travel limit: the vacuum grippers
8.1 to 8.4 are located lowered into the cavities 7. The valves 12, 13 and
l4 are closed: No vacuum is applied to the drill hole 5 or to the vacuum
grippers 8.1 to 8.4. The substrate 3 is fed forward. After the substrate 3
has reached its foreseen position, the lifting cylinder 10 is brought to
its upper travel limit. Furthermore, the three valves 12, 13 and 14 are
opened so that vacuum is applied to the drill hole 5 and the vacuum
grippers 8.1 to 8.4. As soon as a vacuum gripper touches the underneath of
the substrate 3, a more or less well-sealed cavity is created. The pressure
difference between the pressure on the upper surface of the substrate 3
(atmospheric pressure) and the pressure in the cavity underneath (vacuum)
then has the effect that the substrate 3 is pressed flat against the
supporting surface 2 whereby the vacuum gripper is compressed. As soon as
the substrate 3 lies flat on the supporting surface 2, the cavity .`'ormed
between the groove 6 and the substrate 3 is also filled with vacuum.
Because of the groove 6, the substrate 3 is on the one hand sucked onto the
processing location and, on the other hand, is supported on the area of the
supporting surface 2 surrounding the groove 6. As soon as the process -
application of adhesive or mounting or wiring the semiconductor chip - is
completed, the three valves 12, 13 and 14 are closed and the lifting
cylinder 10 is lowered. The working cycle is completed and the next working
cycle begins. In operation, it often occurs that only the two vacuum
grippers 8.1 and 8.2 or only the two vacuum grippers 8.3 and 8 4 are
covered by the substrate 3. Nevertheless, sufficient vacuum can be built up
between the substrate 3 and the covered vacuum grippers to press the
substrate 3 flat when the internal flow resistance. of the valves 12, I 3
and 14 is large enough. The vacuum grrppers which are not covered then
create a leak, but the throughput of the incoming air remains low enough
and cannot decay the vacuum. The three valves 12, 13 and 14 are preferably
switched on and off simultaneously. However, it is also possible to open
valve 14 which applies vacuum to the dell hole 5 with a slight delay 



Optionally, there can be a second drill hole 15 opening into the groove 6
at the other end of which a not presented sensor is arranged for measuring
the vacuum After each opening of the three valves 12, 13 and 14) the sensor
checks whether or not the vacuum in the drill hole I ~ or in the groove 6
reaches a predetermined value. If the substrate 3 lies flat on the
supporting surface 2, the vacuum in the drill hole 1 ~ or in the groove 6
develops, the sensor responds and the process step is carried out. If the
desired vacuum strength is not achieved, then an error message is produced
fig. 2 shows a schematic drawin~~ of a further suction device with which
the four vacuum grippers 8. I to 8.4 and the drill hole 5 arc connected to
one single valve 12. The two vacuum grrppers 8 1 and 8.2 which   ~ 2 JUL
200Z 4 are arranged next to each other whe n viewed in transport direction
4 are connected to the valve 12 via a common flow resistance 16. The two
vacuum grippers 8.3 and 8.4 which are also arranged next to each other when
viewed in transport direction 4 are connected to the valve 12 via a common
flow resistance 17. The drill hole 5 is connected to the valve 12 via a
third flow resistance I 8. The task of the flow resistors 16 to 18 is to
limit the leakage rate when the corresponding vacuum grippers or the drill
hole 5 are not covered so that the other covered vacuum grippers can
nevertheless apply suction to the substrate 3. Such a flow resistance
consists, for example, of a throat installed in the line between the vacuum
gripper and the valve, the cross-section and length of which result in the
desired flow resistance. The design of the suction device with four vacuum
grippers guarantees perfect holding of the substrate with optimum
utilization of the available area and optimum adaptation to the manner in
which the substrates are transported: It must namely be taken into
consideration that the substrates have to be fed one after the other to the
processing station and must be held there flat on the supporting surface.
Instead of the circular bellow-type vacuum gripper, vacuum grippers of a
different shape, eg, of a rectangular, square or eliptical shape, can also
be used.   12 July 2002 5 PATENT CLAIMS 1. Die Bonder or Wire Bonder with a
suction device to pull flat and hold down a curved substrate at a
processing station, the suction device comprising 5 a plate with a
supporting surface for the substrate, the plate containing at least one
cavity open towards the supporting surface; 



a vacuum gripper made out of flexible material located in the at least one
cavity; a drive mechanism for raising the vacuum gripper above the level of
the supporting surface to apply suction to the substrate and for lowering
the vacuum gripper 10 into the cavity during transport of the substrate;
and a sensor for measuring the vacuum beneath the substrate at the
processing station. 2. Die Bonder or Wire Bonder according to claim 1, the
vacuum gripper being of the bellow-type. 15 3. Die Bonder or Wire Bonder
according to claim 1, wherein the supporting surface comprises a groove
located at a position of the processing station and a bore for applying
vacuum to the groove and wherein at least one of said cavities is located
on a first side of the groove and at least one of said cavities is located
on an opposite side of the groove 20 when seen in a direction of transport
of the substrate. 4. Die Bonder or Wire Bonder according to claim 2,
wherein the supporting surface comprises a groove located at a position of
the processing station and a bore for applying vacuum to the groove and
wherein at least one of said cavities is located on a first side of 25 the
groove and at least one of said cavities is located on an opposite side of
the groove when seen in a direction of transport of the substrate.
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