
-1- CLAMPING DEVICE FOR PROCESSING ELECTRONIC DEVICES  Field of the
Invention 5 The invention relates to a clamping device for holding
electronic devices firmly  during processing, including without limitation,
during the bonding of wire  connections on electronic devices, such as
semiconductor dice or IC chips,  leadframes or other substrates. 10
Background and Prior Art During semiconductor processing, it is necessary in
the case of certain types  of devices to attach a semiconductor die or IC
chip onto a carrier such as a  leadframe or other substrate. Wire
connections must then be made between 15 conductive pads on the die and the
carrier respectively so that the die and the  carrier are electrically
connected. Commonly, an ultrasonic transducer  including a capillary
attached to the transducer is used to feed bonding wire  through the tip of
the capillary, such that ultrasonic energy can be transmitted  to the tip of
the capillary to initiate bonding or welding of the wire to the  20
conductive pad. During this process of ultrasonic bonding, the carrier must
be held securely by  a clamping device for high-precision wire-bonding. As
the device gets  smaller, the challenge of holding each component on the
device more 25 securely is increased. Generally, the clamping device should
cover and exert  pressure on most of the surface area of the carrier since
the carrier is usually  made of a flexible material that would tend to shift
upon the application of  forces during a bonding process. The clamping
device includes a window  over a portion of the carrier that is to be worked
upon for access by the 30 capillary of the ultrasonic transducer. Thus the
clamping device is often  referred to as a window clamp. It is preferred
that the size of the window corresponds as closely as possible  to the size
of a bonding unit comprising a die and surrounding conductive -2- 



pads on the carrier so that the maximum area of the carrier is clamped
without  blocking access to the bonding unit by the capillary and the
bonding unit can  be held and supported more securely during wire-bonding.
In the case of  larger dice or if vacuum suction is applicable to assist in
holding down the 5 carrier, it is adequate to have a single relatively large
window. However, when the size of the die gets smaller or vacuum suction is
not  applicable, it is generally not desirable to have an array of bonding
units  exposed in the window because bonding units or portions thereof that
are 10 located away from the edges of the window cannot be clamped securely.
Accordingly, the size of the window needs to be correspondingly reduced.
Otherwise, the unclamped dice cannot be wire-bonded reliably. On the other
hand, to design and manufacture a small window to fit just one small bonding
unit would lead to inefficiency and increased cycle time because the window
15 of the clamping device would need to be indexed afresh for each and every
bonding unit in order to make wire connections. One way to overcome this
inefficiency is to fabricate a window that comprises  many smaller openings
divided by support structures so as to increase  20 support for bonding
units that are located away from the edge of the window. FIG. 1 is a plan
view of a prior art clamping device 100 with multiple elongated  slots 108
for access to a electronic device to be processed. The prior art  clamping
device 100 has a main body 104 and a window 106 located  substantially
centrally on the main body 104. Each elongated slot 108 25 corresponds to a
position of a row of bonding units, and is separated from an  adjacent
elongated slot 108 by a rib 110. In this way, the ribs 110 support the
bonding units located away from the edges of the window 106, and an array
of bonding units may be bonded without having to repeatedly index the
bonding units with respect to the clamping device 100. 30 Unfortunately, in
modern high-density devices, the pitches between adjacent  bonding units can
be very small, such as 1mm to 2mm. Moreover, they may  



not allow for generation of a holding force by vacuum suction. Due to this
spacing limitation, it is a formidable challenge to design a clamping device
-3- that would support multiple bonding units without adversely affecting
the  bonding process. One approach would be to machine ribs 110 with smaller
widths in order to  5 match the pitches between adjacent bonding units.
There would be various  difficulties associated with such an approach. One
problem is that there is  usually a machining limitation in CNC (Computer
Numerical Control)  machines with respect to the length-to-width ratio of
the ribs. For high-density  devices with smaller pitches and a relatively
large bonding area, ribs of a 10 certain length have to be made slimmer.
Machining is not practicable  because as the ribs get slimmer, it is very
difficult for them to maintain their  linearity, or they may be easily
broken because of their lack of rigidity. These  factors have an impact on
the feasibility and costs of manufacturing such a  window clamp, as well as
clamping reliability. 15 Another possible alternative to having to machine
multiple elongated slots is  to provide a clamping device with a window in
the form of a single elongated  slot that exposes a row or column of bonding
units in the array. FIG. 2 is a  plan view of a prior art clamping device
102 with a window 106 comprising a 20 single elongated slot. A width of the
slot corresponds to a width of a row or  column of bonding units that are to
be bonded. Nevertheless, the clamping  device would have to be indexed after
each row or column of dice are  bonded, thereby reducing the bonding speed.
The pattern recognition (PR)  system of the bonding machine is also unable
to look forward to the next row 25 or column to be bonded to perform advance
data processing, further resulting  in lower output capacity for a given
time. It would be desirable to reduce the  indexing frequency during bonding
and increase the output capacity for a  given time. 



30 Summary of the Invention It is thus an object of the invention to seek to
provide an improved clamping  device with openings that allow for access to
an array of bonding units of an  electronic device during bonding. It is
another object of the invention to seek ------------ - ----- -4- to provide
a clamping device in which the support structure included in the  openings
can be more effectively fabricated for clamping bonding units that  have
relatively smaller pitches between adjacent bonding units, so as to
overcome some of the aforesaid disadvantages associated with machining  5
the support structure. Accordingly, the invention provides a clamping device
for holding an  electronic device during processing thereof, comprising: a
main body for  covering the electronic device; an opening in the main body
for providing 10 access to a part of the electronic device to be worked
upon; and a support  structure attachable for coupling to a periphery of the
opening whereby to  extend across the opening and support the part of the
electronic device that is  accessible through the opening. 15 It would be
convenient hereinafter to describe the invention in greater detail  by
reference to the accompanying drawings which illustrate one embodiment  of
the invention. 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. 20 Brief
Description of the Drawings An example of a preferred embodiment of a
clamping device in accordance  with the invention will now be described with
reference to the accompanying  25 drawings, in which: FIG. 1 is a plan view
of a prior art clamping device with multiple elongated  slots for access to
a electronic device to be processed; 



30 FIG. 2 is a plan view of another prior art clamping device with window
comprising a single elongated slot for access to a electronic device to be
processed; -5- FIG. 3 is a cross-sectional side view of a clamping device
according to the  preferred embodiment of the invention; and FIG. 4 is a
plan view of the clamping device of FIG. 3.  5 Detailed Description of the
Preferred Embodiment FIG. 3 is a cross-sectional side view of a clamping
device 10 according to the  preferred embodiment of the invention. The
clamping device 10 is positioned  10 on top of an electronic device in the
form of a carrier or semiconductor leadframe 12 configured for attaching
semiconductor dice, in order to hold the  leadframe 12 securely during
wire-bonding. The clamping device 10 includes  a main body 14 for covering
the leadframe 12 and a window 16 defining an  opening in the main body 14
for providing access to a part of the leadframe 12 15 that is to be worked
upon. For example, where the clamping device is used in  a wire bonding
apparatus, the opening is adapted for access by a bonding  tool of a
wire-bonding machine. In particular, the clamping device 10 includes a
support structure that is  20 attachable across the window 16 or opening for
coupling to a periphery of the  window 16. There is no necessity for the
support structure to be attached to  the periphery of the window 16 as such,
but it is preferable that it is attached  as close as possible to the
periphery of the window 16 so that a width of the  support structure is
minimized. Furthermore, the support structure should be 25 coupled to the
periphery of the window 16 so that it is in contact with the same  to ensure
that the clamping surface of the clamping device 10 is substantially  flush.
The support structure is therefore configured to be in contact with the
leadframe 12 to support the part of the leadframe 12 that is accessible
through the opening. 



30 In the preferred embodiment of the invention, the support structure
comprises  flexible material, such as a wire 18 that is attachable across
the window 16.  The wire 18 is affixed to the periphery of the window 16
adjacent the opening  and it is preferably stretched and laid out across the
window 16 over the -6- leadframe 12. Depending on the layout of the units to
be worked upon, the  wire 18 may be arranged as parallel strips of material
extending across the  opening in the preferred embodiment. Alternatively,
strips of wire 18 may be  set at right angles to one another as appropriate.
The wire 18 is preferably 5 made of steel, but it should be appreciated that
other materials of sufficient  strength and that can withstand the
relatively high bonding temperatures may  be suitable. In one
implementation, the support structure comprises a single length of wire  10
and the wire 18 is threaded through apertures or holes 20 located adjacent
to  the opening aligned along two sides of the window 16. The holes are
configured for threading the wire 18. It is preferable that the wire 18 is
tightly  stretched to increase the rigidity of its support. One set of holes
20 on one  side of the window 16 is preferably formed in the main body 14
whereas 15 another set of holes on an opposite side of the window 16 is
preferably  formed in an adjustment assembly, that may be in the form of an
extender 22.  The extender 22 is configured to be movable relative to the
main body 14 for  adjusting the wire 18. More particularly, the extender 22
may be used to  extend or stretch the wire 18. 20 The extender 22 overlaps
part of the main body 14 and may be fixed to the  main body by means of
fixing screws 24 and extension screws 26. If the wire  18 is to be tightened
or loosened across the window 16, the fixing screws 24  are loosened,
followed by the extension screws 26 so that the extender 22 25 may be moved
in the appropriate fixing direction. Thereafter, the extension  



screws 26 and fixing screws 24 may be tightened in succession in order to
secure the extender 22 relative to the main body 14. In this way, the wire
18  can easily be adjusted or secured. It would be appreciated that other
means  of arranging and securing the position of the wire 18 relative to the
main body  30 14 and window 16 are possible. FIG. 4 is a plan view of the
clamping device 10 of FIG. 3. The leadframe 12  comprises multiple bonding
units 13 that are to be wire-bonded and which are  arranged in the form of
an array. The clamping device 10 is positioned on top -7- of the leadframe
12 to cover most of the surface area of the leadframe 12.  The opening or
window 16 is constructed such that a plurality of dice  comprised in the
bonding units 13 are accessible through the opening. The  lines of wire 18
across the window 16 help to ensure that at least a portion of 5 the wire 18
or wires of the support structure is positioned next to each of the  bonding
units 13 that are accessible, whereby to clamp each individual  bonding unit
13 securely during wire-bonding. Therefore, as shown in FIG. 4, the lines of
the wire 18 are aligned in parallel  10 and the position of each line is
adjacent each row of bonding units 13. More  specifically, it is placed
along the gap running between adjacent bonding units  13. Each row of
bonding units 13 is bounded by the wire 18 or the edge of  the window 16 on
two sides, which is sufficient for clamping such a  configuration of bonding
units 13. Other arrangements of the wire 18 are 15 possible in order to
adequately secure the leadframe 12, depending on the  arrangement and other
characteristics of the bonding units 13. It would be noted that from the
plan view of the preferred embodiment of the  clamping device 10 that the
holes 20 are formed equidistant to one another  20 such that their positions
correspond to positions on the leadframe 12 that are to be supported. The
wire 18 is alternately stretched from holes 20 on one  side of the window 16
to holes 20 on an opposite side of the window 16. The support structure may
comprise a single length of wire 18 that is affixed  



25 at one end to an anchor point 28a at one corner of the window 16,
threaded  through the holes 20 in the manner shown in FIG. 4 and affixed at
its other  end to another anchor point 28b at another corner of the window
16.  However, the support structure may also comprise multiple lengths of
wires  that are aligned using a similar configuration. For ease of
adjustment, the 30 clamping device 10 is preferably configured such that the
wire 18 may be  loosened or tightened by shifting the position of the
extender 22. As  discussed above, the position of the extender 22 may be
shifted after  loosening the fixing screws 24 and extension screws 26 (see
FIG. 3). -8- It should be appreciated that using the aforesaid flexible
support structure to  clamp the array of bonding units has the benefit of
offering a clamping area in  the opening that is much smaller in size. This
is due to the smaller cross- sectional area of the support structure that
can be achieved in this way as 5 compared to machining the same out of the
main body of the clamping  device. Therefore, it is applicable to bonding
units with smaller pitches  between bonding units and to electronic devices
with larger bonding areas.  Furthermore, if malleable and extendible
metallic wire such as steel wires are  used, the wires can always be kept
straight and in the right position by  10 stretching them across the window
of the clamping device. Generally, since numerous bonding units can be
clamped and visible at the  same time, the indexing frequency can be much
reduced. Bonding cycle time  is further reduced by the ability of a pattern
recognition (PR) system to look 15 ahead to an adjacent row and/or column of
bonding units to be bonded for  faster data processing in an automated
bonding machine. The invention described herein is susceptible to
variations, modifications and/or  additions other than those specifically
described and it is to be understood that  20 the invention includes all
such variations, modifications and/or additions which  fall within the
spirit and scope of the above description. -9- 



CLAIMS: 1. A clamping device for holding an electronic device during
processing  thereof, comprising: 5 a main body for covering the electronic
device; an opening in the main body for providing access to a part of the
electronic device to be worked upon; and a support structure attachable for
coupling to a periphery of the  opening whereby to extend across the opening
and support the part of the  10 electronic device that is accessible through
the opening. 2. The clamping device as claimed in claim 1, wherein the
support  structure comprises a flexible material attachable across the
opening. 15 3. The clamping device as claimed in claim 2, wherein the
flexible  material comprises steel. 4. The clamping device as claimed in
claim 2 or claim 3, wherein the  flexible material is in the form of wire.
20 5. The clamping device as claimed in claim 4, wherein the support
structure comprises a single length of wire. 6. The clamping device as
claimed in claim 4 or claim 5, including  25 apertures located adjacent to
the opening that are configured for threading the  wire. 7. The clamping
device as claimed in any one of claims 2 to 6, wherein  the flexible
material is tightened by stretching. 30 8. The clamping device as claimed in
any one of the preceding claims,  further comprising an adjustment assembly
adjacent to the opening for  attaching the support structure. -10- 9. The
clamping device as claimed in claim 8, wherein the adjustment  assembly is
movable relative to the main body for adjusting the support  



structure. 5 10. The clamping device as claimed in claim 8 or claim 9,
wherein the  adjustment assembly is operative to extend the support
structure. 11. The clamping device as claimed in any one of claims 8 to 10,
wherein  the adjustment assembly is coupled to the main body. 10 12. The
clamping device as claimed in any one of the preceding claims,  wherein the
electronic device is a carrier for semiconductor dice. 13. The clamping
device as claimed in claim 12, wherein the  15 semiconductor dice are
arranged in the form of an array on the carrier. 14. The clamping device as
claimed in claim 13, wherein the opening is  constructed such that a
plurality of dice are accessible through the opening.  20 15. The clamping
device as claimed in claim 14, wherein at least a portion of the support
structure is positioned next to each die amongst the plurality of  dice that
are accessible when the electronic device is supported. 16. The clamping
device as claimed in any one of claims 12 to 15, wherein  25 the opening is
adapted for access by a bonding tool of a wire-bonding  machine. 17. The
clamping device as claimed in any one of the preceding claims,  wherein the
support structure comprises parallel strips of material extending  30 across
the opening. 18. A wire bonding apparatus including the clamping device as
claimed in  any one of the preceding claims. 




