
WIREBONDING INSULATED WIRE AND CAPILLARY THEREFOR
BACKGROUND OF THE INVENTION [0001] The present
invention relates to wires for connecting integrated
circuit (IC) die to leads and wirebonding, and more
particularly, to a method of wirebonding insulated
wires. [0002] An IC die is a small device formed on a
semiconductor wafer, such as a silicon wafer. Such a
die is typically cut from the wafer and attached to a
substrate or base carrier for interconnect
redistribution. Bond pads on the die are electrically
connected to leads on the substrate with wires via
wire bonding. Wires may also be used to cross connect
bond pads of the die or to cross connect leads of the
substrate. The die, wires and substrate are then
encapsulated to form a packaged device. [0003] There
is a continuing demand for more dense integrated
circuits, yet without a corresponding increase in the
size or footprint of the packaged device. There is
also a desire for more inputs and outputs to ICs,
resulting in high densities of connections between the
IC die and the substrate, and the need for fine pitch
and ultra-fine pitch wire bonding. The diameter of the
bond wire also has decreased. For example, pitch
applications use 25wm diameter wire, while 52wm and
44"m pitch applications use 20.3wm diameter wire.
Development is being done for a 37wm pitch application
using 17"m diameter wire. [0004] Decreases in pitch
and wire diameter cause difficulties in handling and
wire bonding. For example, wires may unintentionally
short to other conductive structures of the packaged
device, such as other wires, pads, leads, or the die.
This shorting may occur during IC die encapsulation
as, for example, from "sweeping," where the injection
or transfer of the liquid molding encapsulant moves
the wires against another conductive structure. Parts
that use smaller diameter wires tend to have higher
wire sweep rejects. Using insulated or coated wires
may decrease such wire sweep and shortings. However,
it is difficult to obtain good bonding quality when
using coated wires, especially for the second bond.
That is, a 



wirebonder makes a first bond at the die bond pad and
a second bond at the carrier lead. Non-sticking on the
lead is a common problem with insulated wire. One
attempt at overcoming the weak second bond was to
remove the insulator using an electric flame off
(EFO). However, performing EFO at the second bond
requires a special wirebonding machine and takes
additional time.[0005] The present invention provides
a method of wire bonding insulated or coated wire
using a standard wirebonder that improves the bonding
quality of the second bond. BRIEF DESCRIPTION OF THE
DRAWINGS [0006] The foregoing summary, as well as the
following detailed description of preferred
embodiments of the invention, will be better
understood when read in conjunction with the appended
drawings. For the purpose of illustrating the
invention, there are shown in the drawings embodiments
that are presently preferred. It should be understood,
however, that the invention is not limited to the
precise arrangements and instrumentalities shown. In
the drawings: [0007] FIG. 1 is an enlarged side view
of an electrical connection in accordance with the
present invention; [0008] FIGS. 2A-2C are
cross-sectional views of a wire bonder capillary
illustrating a method of bonding an insulated wire to
a bond pad in accordance with an embodiment of the
present invention; and [0009] FIG. 3 is an enlarged
perspective view of a capillary tip in accordance with
an embodiment of the present invention. DETAILED
DESCRIPTION OF PREFERRED EMBODIMENTS [0010] The
detailed description set forth below in connection
with the appended drawings is intended as a
description of the presently preferred embodiments of
the invention, and is not intended to represent the
only forms in which the present invention may be
practiced. It is to be understood that the same or
equivalent functions may be accomplished by different 



embodiments that are intended to be encompassed within
the spirit and scope of the invention. [0011] Certain
features in the drawings have been enlarged for ease
of illustration and the drawings and the elements
thereof are not necessarily in proper proportion.
However, those of ordinary skill in the art will
readily understand such details. In the drawings, like
numerals are used to indicate like elements
throughout.[0012] The present invention provides a
method of electrically connecting a first device to a
second device with an insulated wire. The method
includes the steps of: [0013] forming a first bond by
wirebonding a first end of the insulated wire to a
first bond pad of the first device, thereby
electrically connecting the bond wire and the first
device; [0014] moving a tip of a capillary holding the
bond wire over the surface of second bond pad of the
second device such that the bond wire is rubbed
between the capillary tip and the second bond pad,
thereby tearing the bond wire insulation so that at
least a portion of a metal core of the wire contacts
the second bond pad; and [0015] bonding at least the
exposed portion of the bond wire to the second bond
pad via thermocompression bonding, thereby
electrically connecting the first device and the
second device. [0016] The present invention also is a
capillary for a wirebonder in which the capillary has
a cylindrical tip through which a bond wire protrudes,
wherein an outer surface of the capillary is roughened
for tearing an insulative coating on a coated wire.
[0017] Referring now to FIG. 1, an enlarged, partial
side view of a first device 10 attached to a second
device 12 with a coated or insulated wire 14, prior to
encapsulation. The first device 10 may be a
semiconductor device such as an integrated circuit
formed on a silicon substrate. The second device 12
may also be a semiconductor device, such as a bottom
or lower die in a stacked die configuration. However,
in the presently preferred embodiment, the second
device 12 is a carrier or substrate. More
particularly, FIG. 1 shows a 



die bonding pad 16 of the first device electrically
connected to a lead finger 18 of the second device 12,
which in this case is a leadframe. The first and
second devices 10, 12 and their bond pads 16, are of a
type known to those of ordinary skill in the art and
detailed descriptions thereof are not necessary for a
full understanding of the invention. [0018] The
insulated bond wire 14 of the present invention
comprises a conductive core coated with an
electrically insulating material and is suitable for
fine pitch and ultra-fine pitch wirebonding. The
insulating material prevents the wire from shorting to
other wires or other conductive structures. In
general, gold and aluminum are the most commonly used
elements to make the conductive core of the bonding
wire 14. Both gold and aluminum are strong and ductile
and have similar resistance in most environments. Gold
wire is sometimes dopedwith a dopant, such as
beryllium, calcium in order to stabilize it.
Small-diameter aluminum wire is often doped with
silicon or sometimes magnesium to improve its breaking
load and elongation parameters. In addition to gold
and aluminum, copper, palladium-alloy, platinum and
silver bonding wire are also known. As is known by
those of skill in the art, various size wires are
available for connecting die to substrates, with the
wire size being selected based on, among other things,
pad pitch. The bond wire 14 has a diameter of between
about 15um to about 55 um, although other diameter
bond wires may be used and the invention should not be
limited to a particular bond wire diameter. In a
preferred embodiment, the insulated wire 14 has a
diameter of less than about 25 wm. The insulative
coating preferably is an organic insulative coating
having a thickness of about 0.5 wm to about 2.0 um
that can be thermally decomposed during free air ball
formation. Further, the wire 14 preferably has a
melting temperature (Tg) of about 180 to 350 C. [0019]
The connection of the wire 14 at the die bonding pad
16 is referred to herein as a first bond and the
connection of the wire 14 at the lead finger as a
second bond. In the presently preferred embodiment,
the first bond is a ball bond and the second bond is a
wedge bond. The term 'wirebonding' is generally
accepted to mean the interconnection, via wire, of 



chips and substrates. In ball bonding, a capillary
holds the wire. A ball is formed on one end of the
wire and is pressed against the face of the capillary.
The ball may be formed with a hydrogen flame or a
spark. The capillary pushes the ball against the bond
pad, and then, while holding the ball against the
first pad, ultrasonic vibration is applied, which
bonds the ball to the die. Once the ball is bonded to
the die pad, the capillary, which is still holding the
wire, is moved over a second bonding pad, such as the
lead frame finger 18, to which the first pad is to be
electrically connected. The wire is pressed against
the second pad and once again ultrasonic energy is
applied until the wire is bonded to the second pad.
The capillary is then lifted off the bond, breaking
free from the wire. Both wedge bonding and ball
bonding are well known by those of skill in the art.
[0020] Although wedge bonding is well known, it is
difficult to obtain a good second wire bond when using
insulated wire. Oftentimes the weak second bond is due
to the wire insulation still existing between the wire
and the bonding lead, preventing good adhesion. That
is, there is only a small contact area between the
wire and the lead, which is at a tail area of the
second bond. On the opposite side of the wire, a
greater portion of the insulator is taken away during
wedge formation. The weak adhesion is evidenced in
wire peel testresults. In a wire peel test, a hook is
placed under the wire proximate to the second bond and
a lifting force is applied, thereby testing the
strength of the second bond adhesion to the lead/post.
Insulated fine wire and insulated ultra-fine wire
usually exhibit very low wire peel strength. To
overcome the low wire peel strength problem, the
present invention provides a method of wedge bonding
an insulated wire including a mechanical abrasion step
that involves moving a tip of a capillary holding the
bond wire over the surface of second bond pad such
that the bond wire is rubbed between the capillary tip
and the second bond pad, thereby tearing the bond wire
insulation so that at least a portion of the metal
core of the wire contacts the second bond pad. In the
preferred embodiment, a special, roughened capillary
tip is used to enhance the mechanical abrasion. 



[0021] Referring now to FIGS. 2A to 2C,
cross-sectional views of a wire bonder capillary 20
illustrating a method of bonding an insulated wire 14
to a lead finger in accordance with an embodiment of
the present invention are shown. The wire 14 extends
through a hole 22 in the capillary 20. FIG. 2A shows
the wire 14 being pressed against the lead finger 18
by the capillary 20. According to the present
invention, the capillary 20 is then moved horizontally
over the surface of the lead finger such that the bond
wire 14 is rubbed between a tip of the capillary 20
and the lead finger 18. FIG. 2B shows the wire 14
after it has been moved from right to left across the
lead finger 18. Such movement of the wire 14 against
the lead finger causes a tearing of the bond wire
insulation so that at least a portion of the metal
core of the wire 14 contacts the lead finger 18. After
moving the bond wire 14 across the lead finger 18,
thermocompression bonding is performed to bond the
wire 14 to the lead finger 18, thereby electrically
connecting the first device 10 and the second device
12. The wire 14 may be moved back and forth one or
more times over the lead finger 18 in order to achieve
an amount of mechanical abrasion needed to tear the
insulative coating on the wire 14. In the presently
preferred embodiment, the wire 14 is moved two to
three times horizontally in such a way that the
capillary movement has a combination of a positive
shift movement (away from the second bond location)
and two negative shift movements (towards the second
bond location) over the surface of the lead finger
before any thermocompression, thermosonic or
ultrasonic wirebonding step is performed. The amount
of energy required for ultrasonic bonding is very low
and is about the minimum amount of ultrasonic energy
used for ultrasonic bonding. FIG. 2 shows the
capillary 20 being lifted off the bond pad 18, after
the mechanical movement and the thermocompression
bonding. The lifting of the capillary 20 breaks the
wire 14 at the bond.[0022] The thermocompression
bonding step includes a combination of heat and
pressure to attach the wire 14 to the lead finger 18.
Either a heated capillary or a heated pedestal (not
shown) on which the lead frame is located or both may
be used to generate heat. In the 



present invention, the temperature ranges from 100 C
to 200 C. The wirebonding may be performed using
currently available wirebonders, such as the such as
the ESEC 3088 iP and the Kulicke & Soffa 8060, with
only modifications to the capillary tip required, as
described below. In an optional embodiment, the lead
finger may be heated with a local heat source 24 prior
to the moving of the wire 14 against the lead finger
in order to increase the effectiveness of insulation
tearing by the mechanical movement described above.
[0023] Referring now to FIG. 3, a greatly enlarged
perspective view of the tip of the capillary 20 is
shown. As shown in the drawing, the capillary 20 may
have a cylindrical tip with a hole through which the
bond wire protrudes. The capillary may be made from
ceramic, tungsten or ruby materials, as are typically
used. However, where a typical capillary has a polish
finish to produce a shiny bond, according to the
present invention, the tip of the capillary 20 is
roughened in order to enhance abrasion of the
insulation during the moving step. More particularly,
the outer surface of the capillary 20 is roughened and
has a roughness of between about two to five times the
surface roughness of current capillaries. [0024] The
present invention has been found to provide the
following advantages: (a) near elimination of
rejection of parts due to Non-Stick on Lead at the
second bond when using insulated wire with a standard
wirebonding machine; (b) enhancing the bondability of
insulated wire at the second bond with an increased
wire pull/wire peel strength; (c) new or modified
wirebonding equipment is not required except for the
capillary tip; (d) wire shorting rejects at mold have
been decreased; (e) an expensive mold compound having
a very fine filler is not required; (f) the use of
fine coated wire enables cross bonding; (g) the
pad/die design rules do not need to be restricted to
peripheral pads only; and (h) decrease in electrical
open short rejects. [0025] The description of the
preferred embodiment of the present invention has been
presented for purposes of illustration and
description, but is not intended to be exhaustive or 



to limit the invention to the form disclosed. It will
be appreciated by those skilled in the art that
changes could be made to the embodiment described
above without departing from the broad inventive
concept thereof. The present invention is applicable
to all wire bonded package types, including but not
limited to Ball Grid Array (BGA), Tape Ball Grid
Array(TBGA), Plastic Ball Grid Array (PBGA), Quad Flat
No-lead (QFN), Quad Flat Package (QFP), Small Outline
Integrated Circuit (SOIC), and chip scale package
(CSP). In addition, wires having insulator coatings
may also be used to connect other types of conductive
structures in a packaged IC. It is understood,
therefore, that this invention is not limited to the
particular embodiment disclosed, but covers
modifications within the spirit and scope of the
present invention as defined by the appended
claims.CLAIMS 1. A method of electrically connecting a
first device to a second device with an insulated
wire, the method comprising the steps of: forming a
first bond by wirebonding a first end of the insulated
wire to a first bond pad of the first device, thereby
electrically connecting the bond wire and the first
device; moving a tip of a capillary holding the bond
wire over the surface of second bond pad of the second
device such that the bond wire is rubbed between the
capillary tip and the second bond pad horizontally
thereby tearing the bond wire insulation so that at
least a portion of a metal core of the wire contacts
the second bond pad; and bonding at least the exposed
portion of the bond wire to the second bond pad via
thereby electrically connecting the first device and
the second device. 2. The electrical connection method
of claim 1, wherein the moving step includes moving
the capillary tip such that the capillary movement has
a combination of a positive shift movement in a first
direction over the second bond pad and a negative
shift movement move in a second direction over the
second bond pad. 



3. The electrical connection method of claim 1,
wherein the bonding step includes thermocompression
bonding and a very low amount of ultrasonic energy. 4.
The electrical connection method of claim , further
comprising the step of using a capillary having a
roughened tip, wherein the roughened tip enhances
abrasion of the insulation during said moving step. 5.
The electrical connection method of claim 1, wherein
the first bond comprises a ball bond. 6. The
electrical connection method of claim 6, wherein the
second bond comprises a stitch bond.7. The electrical
connection method of claim 1, wherein the second
device comprises a carrier and the second bond pad is
a lead finger. 8. The electrical connection method of
claim 1, further comprising the step of heating the
second bond pad prior to said moving step. 9. The
electrical connection method of claim 1, wherein the
insulated wire comprises one of a gold, copper or
aluminum wire having an organic insulative coating.
10. The electrical connection method of claim 9,
wherein the insulated wire has a diameter of less than
about 25Mm. . The electrical connection method of
claim 10, wherein the insulative coating has a
thickness of about 0.5 to 2.0 "m. 12. An improved
method of bonding an insulated wire having one end
connected to a first bond pad to a second bond pad,
the improved method comprising the steps of: moving a
tip of a capillary holding the bond wire over the
surface of the second bond pad such that the bond wire
is rubbed between the capillary tip and the second
bond pad, thereby tearing the bond wire insulation so
that at least a portion of a metal core of the wire
contacts the second bond pad; and bonding the exposed
portion of the bond wire to the second bond pad via 



thermocompression bonding. 13. The electrical
connection method of claim 12, wherein the moving step
includes moving the capillary tip such that the
capillary movement has a combination of a positive
shift movement in a first direction over the second
bond pad and a negative shift movement move in a
second direction over the second bond pad. 14. The
electrical connection method of claim 12, wherein the
thermocompression bonding uses a very small amount of
ultrasonic energy. 15. The electrical connection
method of claim 12, further comprising the step of
using a capillary having a roughened tip, wherein the
roughened tip enhances abrasion of the insulation
during said moving step.16. The electrical connection
method of claim 12, wherein the second bond comprises
a stitch bond. 17. The electrical connection method of
claim 16, wherein the second bond pad comprises a
carrier finger. 18. The electrical connection method
of claim 12, further comprising the step of heating
the second bond pad prior to said moving step. 19. The
electrical connection method of claim 12, wherein the
insulated wire comprises one of a gold, copper or
aluminum wire having an organic insulative coating.
20. The electrical connection method of claim 19,
wherein the insulated wire has a diameter of less than
about 25 urn and the insulative coating has a
thickness of about 0.5 to 2.0 21. An improved method
of bonding an insulated wire having one end connected
to a first bond pad to a second bond pad, the improved
method comprising the steps of: providing a capillary
having a roughened tip for holding the insulated wire;
moving the tip of the capillary over a surface of the
second bond pad such that the wire is rubbed between
the capillary tip and the second bond pad, thereby 



tearing the insulation so that at least a portion of a
metal core of the wire contacts the second bond pad;
and bonding the exposed portion of the wire to the
second bond pad via thermocompression bonding. 22. The
electrical connection method of claim 21, further
comprising the step of heating the second bond pad
prior to said moving step. 23. The electrical
connection method of claim 21, wherein the insulated
wire comprises one of a gold, copper or aluminum wire
having an organic insulative coating. 24. The
electrical connection method of claim 23, wherein the
insulated wire has a diameter of less than about 25 am
and the insulative coating has a thickness of about
0.5 to 2.0Mm.25. An improved capillary for a
wirebonder, the improvement comprising an outer
surface of the capillary being roughened, said
roughened surface for tearing an insulative coating on
a coated wire. 26. A capillary for a wirebonder, the
capillary comprising: a tip having a hole through
which a bond wire protrudes, wherein an outer surface
of the tip is roughened, said roughened surface for
tearing an insulative coating on a coated wire. 


