
-1- MULTI-LAYER THERMAL INSULATION FOR A BONDING SYSTEM  Field of the
Invention 5 The present invention relates to thermal insulation for a
bonding system, such as  a wire bonder. Background and Prior Art  10 Wire
bonding is typically applied to make electrical connections between an
integrated circuit die or chip and a carrier on which the die is mounted.
Bonding  wires are attached to bond pads on the chip and bonding leads on
the carrier  respectively by ultrasonic welding using an ultrasonic
transducer which is 15 integrated into a wire bonding apparatus. The
ultrasonic transducer is an energy- converting device which converts
electrical energy into ultrasonic vibrations and  transmits the ultrasonic
vibrations to a capillary at a tip end of the transducer to  perform wire
bonding. 20 FIG. 1 illustrates a side view of a conventional wire bonding
apparatus 10 with a  transducer 12 positioned over a bonding area for wire
bonding. At one end of the  transducer 12 is a capillary 13 for wire
bonding. The other end of the transducer  12 is connected to an ultrasonic
generator 14 which is housed in a transducer  holder 16 mounted on a bond
arm 18. The bond arm 18 is connected to a sliding 25 bar 22 at a pivot 20.
The sliding bar 22 may move and position the transducer 12  along the x and
y axes. The bonding arm 18 is also mounted to a bonding stage  24. The
bonding stage 24 moves along the x and y axes together with the sliding  bar
22. An optical system 26 is further mounted on the bonding stage 24 such
that the optical system 26 moves along the x and y axes together with the
sliding  



30 bar 22 over a wire bonding platform. -2- A carrier 28, on which
components such as semiconductor dice and bonding  wires are attached, is
held in position by a window clamp 30 on the wire bonding  platform for wire
bonding to be performed. The wire bonding platform includes a  heater block
32 which provides heat to the carrier 30 to facilitate wire bonding  5
conducted on it. A camera 27 in the optical system 26 captures an image of a
die on the wire  bonding platform so that the position of the die on the
wire bonding platform can  be observed for the purpose of wire bonding. As
heat is transmitted to the 10 immediate vicinity of the heater block 32, and
the optical system 26 is positioned  over the heating zone during wire
bonding, the optical system 26 is exposed to  heat from the heater block 32
by radiation and by convection. The heat may  cause the optical system 26 to
expand and increase in length. This changes the  distance of a light path to
the camera 27 thus affecting the determination of the 15 position of the die
on the wire bonding platform. As a result, wire bonding may  be inaccurate.
FIG. 2 shows the optical system 26 of FIG. 1 moving away from the heating
zone.  As a result, the optical system 26 is exposed to less heat from the
heating zone.  20 The optical system 26 may then cool and contract, thereby
changing the distance of the light path to the camera 27. This again results
in inaccurate determination  of the position of a die on the wire bonding
platform and therefore inaccurate wire  bonding. 25 In view of the above,
maintaining the thermal stability of the optical system 26 is  essential to
perform wire bonding accurately. This is particularly so when very  fine
wires and bond pitches are involved. 



Summary of the Invention  30 -3- It is thus an object of the invention to
seek to provide thermal protection to a  component of the bonding system,
such as an optical system, to shield the  component from ambient heat and in
particular to heat from a heat source such  as a heater block. 5
Accordingly, the invention provides a thermal insulation system for a
component  of a bonding system, comprising: multiple insulation layers
located between the  component and a heat source; wherein the multiple
insulation layers comprise at  least one layer of moving air injected into
the layer and a cover layer enclosing  10 the layer of moving air. It would
be convenient hereinafter to describe the invention in greater detail by
reference to the accompanying drawings which illustrate preferred
embodiments  of the invention. The particularity of the drawings and the
related description is 15 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 20 The present invention will be readily
appreciated by reference to the detailed  description of preferred
embodiments of the invention when considered with the  accompanying
drawings, in which: FIG. 1 is a side view of a conventional wire bonding
apparatus with an optical  25 system positioned over a bonding area for wire
bonding; FIG. 2 is a side view of the conventional wire bonding apparatus of
FIG. 1 with  the optical system positioned further away from the bonding
area; 



-4- FIG. 3 is a side view of a wire bonding apparatus with an optical system
showing  a multi-layer thermal insulation system located between the optical
system and a  heater block according to the preferred embodiment of the
invention; 5 FIG. 4 is a side view of the wire bonding apparatus of FIG. 3
illustrating the  optical system and the multi-layer thermal insulation
system positioned further  away from the bonding area; FIG. 5 is a top view
of the wire bonding apparatus shown in FIG. 3;  10 FIG. 6 is a top view of
the wire bonding apparatus shown in FIG. 4; FIG. 7 is a cross-sectional
front view of a first preferred embodiment of a multi- layer thermal
insulation system covering the optical system; 15 FIG. 8 is a
cross-sectional front view of a second preferred embodiment of a
multi-layer thermal insulation system covering the optical system; and FIG.
9 is a cross-sectional front view of a third preferred embodiment of a
multi- 20 layer thermal insulation system covering the optical system.
Detailed Description of the Preferred Embodiments of the Invention The
preferred embodiments of the present invention will be described hereinafter
25 with reference to the accompanying drawings. FIG. 3 is a side view of a
bonding system in the form of a wire bonder or wire  bonding apparatus 10
with a component such as an optical system 26 to be  thermally protected,
showing a multi-layer thermal insulation system located 30 between the
optical system 26 and a heat source such as a heater block 32  according to
the preferred embodiment of the invention. The bonding stage 24 -5- 



moves the optical system 26 over a wire bonding platform. Heat from the
heater  block 32 radiates upwards towards the transducer 12 and the optical
system 26.  The multi-layer thermal insulation system between the optical
system 26 and a 5 heater block 32 reduces the amount of heat being
transferred from the heater  block 32 to the optical system 26. The
multi-layer thermal insulation system  comprises a cover layer or first
thermal insulating layer 34, a dynamic air layer 36  comprising a layer of
moving air, a second thermal insulating layer 38 and a  static air layer 40.
The thermal insulating layers 34, 38 may be made from any 10 insulating
material, such as plastic, which provides suitable heat insulation of the
optical system 26 from ambient heat during wire bonding. The first thermal
insulating layer 34 is located between the dynamic air layer 36 and the
static air  layer 40 so as to isolate the dynamic air layer 36 and static
air layer 40 from the  heat from the heater block 32. The second thermal
insulating layer 38 isolates  15 the dynamic air layer 36 from the static
air layer 40. Nevertheless, some heat may pass through the thermal
insulating layer 34 and  enters the dynamic air layer 36. The dynamic air
layer 36 serves to remove the  heat from the thermal insulation system and
insulate the optical system 26. Air 20 enters the dynamic air layer 36
through an air inlet 42 located adjacent to one  end of the optical system
26 to supply air to the dynamic air layer 36. The air  flows throughout the
dynamic air layer 36 below the optical system 26 before  flowing out through
an outlet 44 located adjacent to an opposite end of the optical  system 26
to remove air from the dynamic air layer 36. The moving air helps to 25
dissipate and remove the heat from the heater block 32 that has passed
through  the first thermal insulating layer 34. The next thermal insulating
layer is the  second thermal insulating layer 38 which separates the dynamic
air layer 36 and  the static air layer 40. This layer 38 provides further
heat insulation for the  



optical system 26. 30 -6- The static air layer 40 is a heat insulating layer
immediately next to the optical  system 26. The still air allows a
temperature equilibrium to be created in this  layer which further improves
the thermal stability of the optical system 26. The  multi-layer thermal
insulation system between the optical system 26 and the 5 heater block 32
therefore allows the optical system 26 to achieve thermal stability.  Hence,
any expansion of the thermally stable optical system 26 due to the heat
from the heater block 32 will be minimal and the distance of the light path
to the  camera 27 remains substantially unchanged during wire bonding,
thereby  allowing accurate determination of the position of a die on the
wire bonding 10 platform. As a result, wire bonding with a high degree of
accuracy can be  achieved. FIG. 4 is a side view of the wire bonding
apparatus 10 of FIG. 3 illustrating the  optical system 26 and the
multi-layer thermal insulation system positioned further  15 away from the
bonding area. As the optical system 26 is not positioned over the heater
block 32, the optical system 26 would start to cool. Contraction of the
optical system 26 as a result of such cooling is however substantially
prevented  as the static air layer 40 of the multi-layer thermal insulation
system provides a  temperature equilibrium in the immediate layer next to
the optical system 26 so  20 that the optical system 26 remains thermally
stable. FIG. 5 is a top view of the wire bonding apparatus 10 shown in FIG.
3. This view  illustrates air flowing into the dynamic air layer 36 under
the optical system 26 via  the air inlet 42. The first thermal insulating
layer 34 is also located at and 25 extends along both sides of the optical
system 26 for surrounding the sides of the  



optical system 26 and provides heat insulation of the optical system 26 from
the  surrounding heat. The static air layer 40 is between the first thermal
insulating  layer 34 and the optical system 26. This static air layer 40 is
also located at both  sides of the optical system 26 and provides
temperature equilibrium to the optical 30 system 26. The second thermal
insulating layer 38, which is the insulating layer -7- between the dynamic
air layer 36 and the static layer 40, is not shown in this  view. FIG. 6 is
a top view of the wire bonding apparatus 10 shown in FIG. 4. The static  5
air layer 40 provides a temperature equilibrium to the optical system 26 so
that a  drop in temperature of the optical system 26 as a result of the
optical system 26  moving away from the heating zone is minimized. The
optical system 26 will not  substantially cool or contract which would have
changed the distance of the light  path to the camera 27 thereby affecting
the determination of the position of a 10 bonding position on the wire
bonding platform. More accurate wire bonding can  be achieved as a result.
FIG. 7 is a cross-sectional front view of a first preferred embodiment of a
multi- layer thermal insulation system covering the optical system 26. This
view shows  15 a static air layer 40 below the optical system 26. The second
thermal insulating layer 38 which is the insulating layer between the
dynamic air layer 36 and the  static layer 40 can be seen in this view. FIG.
8 is a cross-sectional front view of a second preferred embodiment of a  20
multi-layer thermal insulation system covering the optical system 26. In
this view,  it can be seen that the second thermal insulating layer 38
extends along and  around the sides of the optical system 26 to surround the
sides of the optical  system 26, as well as at the base of the optical
system 26, for providing heat  



insulation from the surrounding heat. The first and second thermal
insulating 25 layers 34, 38 are preferably merged to fully enclose the
dynamic air layer 36.  FIG. 9 is a cross-sectional front view of a third
preferred embodiment of a multi- layer thermal insulation system covering
the optical system 26. In this view, it  can be seen that the multiple
thermal insulation layers cover the optical system 30 26 on all sides to
fully enclose the optical system 26. In this embodiment, the  optical system
26 is enclosed by four layers of insulation. At the outermost layer, -8- a
first thermal insulating layer 34 encloses a dynamic air layer 36. A second
thermal insulating layer 38 separates a static air layer 40 from the dynamic
air  layer 36. This embodiment may provide thermal insulation of the optical
system  26 from external heat sources via conduction, convection and
radiation. 5 It should be appreciated that the multi-layer thermal
insulation systems in  accordance with the preferred embodiments of the
invention improve the  efficiency of thermal insulation of the optical
system 26 to achieve thermal  stability. The thermal stability of the
optical system 26 leads to an improved 10 accuracy of ball placement at the
bonding positions, such as on the bonding  pads of the semiconductor dice.
The invention described herein is susceptible to variations, modifications
and/or  additions other than those specifically described and it is to be
understood that  15 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 thermal insulation system for a
component of a bonding system,  



comprising: 5 multiple insulation layers located between the component and a
heat  source; wherein the multiple insulation layers comprise at least one
layer of  moving air injected into the layer and a cover layer enclosing the
layer of moving  air. 10 2. The thermal insulation system as claimed in
claim 1, wherein the multiple  insulation layers further comprise at least
one layer of static air. 3. The thermal insulation system as claimed in
claim 2, wherein the layer of  15 static air is operative to create a
temperature equilibrium in the layer of static air.  4. The thermal
insulation system as claimed in claim 2 or claim 3, wherein  the cover layer
comprises a first thermal insulating layer between the layers of  moving and
static air and the heat source. 20 5. The thermal insulation system as
claimed in claim 4, wherein the first  thermal insulating layer further
extends along the sides of the component for  surrounding the sides of the
component and for providing heat insulation from the  surrounding heat. 25
6. The thermal insulation system as claimed in claim 4 or claim 5, further
comprising a second thermal insulating layer between the layer of moving air
and  the layer of static air. 30 7. The thermal insulation system as claimed
in claim 6, wherein the second  thermal insulating layer further extends
along the sides of the component to -10- 



surround the sides of the component and for providing heat insulation from
the  surrounding heat. 8. The thermal insulation system as claimed in claim
6 or claim 7, wherein  5 the first and second thermal insulating layers are
merged to fully enclose the  layer of moving air. 9. The thermal insulation
system as claimed in any one of claims 4 to 8,  wherein the first thermal
insulating layer is made from plastic. 10 10. The thermal insulation system
as claimed in any one of the preceding  claims, wherein the multiple
insulation layers are configured to cover the  component on all sides of the
component to fully enclose the component. 15 11. The thermal insulation
system as claimed in any one of the preceding  claims, wherein the layer of
moving air further comprises an air inlet located  adjacent one end of the
component to supply air to the layer, and an air outlet  located adjacent an
opposite end of the component to remove air from the layer. 20 12. The
thermal insulation system as claimed in any one of the preceding  claims,
wherein the bonding system is a wire bonder. 13. The thermal insulation
system as claimed in claim 12, wherein the heat  source is a heater block
located adjacent to the wire bonder that is operative to  25 heat a device
that is being wire bonded. 14. The thermal insulation system as claimed in
claim 12 or claim 13, wherein  the component of the wire bonder is an
optical system that is operative to  observe a position on a device which is
wire bonded by the wire bonder. 


