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SEMICONDUCTOR DEVICES AND ELECTRICAL PARTS
MANUFACTURING USING METAL COATED WIRES

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Patent Application Ser. No.
60/786,259, filed March 27, 2006 which is hereby incorporated by reference.

FIELD OF THE INVENTION

{0002] This invention relates to a packaged semiconductor device, and more
specifically, to a semiconductor device having a metal wire coated with a metallic
material used for wire bonding and to the use of coated wires for the connection of

electronic parts.
BACKGROUND OF THE INVENTION

[0003] Generally a packaged semiconductor device includes a semiconductor die
attached to a copper lead frame plated with other metals, such as nickel or silver. The die
is then connected to leads by bonding wires made from, generally, aluminum, gold, or
copper to a wire bond site on the die and bonded on its second end to a corresponding
lead. For example, an aluminum wire on its first end is bonded to a source contact on the
die and its second end is bonded to a source lead. Thereafter the device is packaged
leaving the leads exposed through the packaging material to connect the packaged

semiconductor device to an electronic device in which it is placed.

[0004] Since copper is a relatively cheap metal, lead frames are generally made at the
basic level of copper and then plated with other materials such as nickel or palladium, or
even both. Nickel and palladium are known to have a reliable intermetallic connection
with aluminum. Silver is also used to plate copper lead frames because this metal, too,
has a reliable intermetallic connection with gold. However, Aluminum and copper, for
instance, are not known to have a reliable connection. Aluminum and copper create

several intermetallic phases that are brittle and that lower shear strength at certain
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temperatures which increase the growth of brittle copper-aluminum intermetallic phases,

and thereby cause breakage in the wire or bond.

[6005] Aluminum and nickel, for instance, are a reliable metallurgic system because it
is not susceptible to Kirkendall voiding or galvanic corrosion. Further, nickel and copper
are resistant to sulfuric and hydrofluoric acids. Thus, it is desired in the art to produce a
cost competitive product, Further, it is desired to produce a product using metals more
efficiently to reduce costs while still manufacturing a device with reliable metallurgic

systems.
SUMMARY OF THE INVENTION

[6006] An embodiment of the present invention comprises a semiconductor device such
as a diode, MOSFET, thyristor, IGBT, and mtegrated circuit. The semiconductor device
has one or more bond pads for receiving a bond wire. The semiconductor device in one
embodiment of the present invention is a transistor with a control region, first terminal
region and a second terminal region, with the second terminal region attached to a lead
frame and coated wire connecting the semiconductor die from its first terminal region to a
first terminal lead of the lead frame. The wires connecting the die to the lead can be
either gold or aluminum and coated with a metal or alloy such as silver, in relation to the
gold wire, and nickel or palladium, with respect to the aluminum wire. The wire is
coated to eliminate the need for plating of the lead frame, thereby reducing costs of

manufacturing a packaged semiconductor.

{0007} Further, a method of manufacturing a semiconductor device according to the
present invention includes providing a semiconductor device having a first terminal
region on its first surface, providing a lead frame having a die attach pad and leads, and
bonding a metal wire coated with metal or alloy to the die and a corresponding lead. Ina
further aspect of the present invention the bonding step comprises either ultrasonic or
thermosonic bonding methods. In still further aspect of the present invention the wire is
etther a gold or aluminum wire which is coated with a suitable metallic wire, such as

silver for a gold wire, and nickel or palladium for an aluminum wire.
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[0008] An advantage of the invention is the ability to eliminate plating bare copper lead
frames, and thereby significantly reduce manufacturing costs. Instead, the wire is coated

with an appropriate metal.

[0009] Another advantage of the invention is that by coating the wire with metal
previously used to plate the copper lead frames, there is substantially no loss of reliability
in the system. In other words, the intermetallic phases remain the same because the same
metals used to plate the lead frames are used to coat the aluminum wire. Thus the same
metallurgic systems are in place, which are known in the art as being reliable systems,
and are less prone to the problems or potential failures of other metallurgic systems, such

as aluminum and copper.
BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Figure 1 is a sectional view of a coated wire according to an embodiment of the

present invention;

[6011] Figure 2 is a top view of a semiconductor device partially wired to a lead frame

using the coated wire shown in Figure 1; and

[0612] Figure 3 is a sectional view of Figure 2 with an additional package lead and

coated wire.

[0013] Corresponding reference characters indicate corresponding parts throughout the
several views, The examples set out herein illustrate embodiments of the invention but

should not be construed as limiting the scope of the invention in any manner,
DETAILED DESCRIPTION

[0014] Figure 1 shows a coated aluminum wire 103, An aluminum wire 101 is coated
with a metallic material 102, and is used for creating an electrical connection between a
serniconductor die and leads during packaging of the device and is more generally used
for connecting electrical parts. The wire 101 may be pure aluminum, but may also be an
aluminum alloy with silicon or magnesium as a strengthening mechanism. The coating

102 may be a copper compatible metal such as nickel or palladium.
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[0615] The coating 102 is plated onto the aluminum wire 101 either by electroless or
clectrical plating. For both processes, the aluminum wire is first prepared for plating by
cleaning the surface of the wire to improve adhesion of the metal coating to the surface of
the aluminum wire 101. This can be accomplished by methods known in the art, such as
using detergents or solvents to remove grease, environmental contaminants, oxides and
other undesirable materials that can affect the ability of the metal coating 102 to adhere to

the wire 101.

[0016] With respect to electroless plating, the metal coating 102 may be applied to the
wire by depositing metal onto the wire by a water-based solution using a chemical
catalyst for a metal cation reduction process. Generally the solution includes a salt
containing the metal, a reducer, and a complexing agent to hold the metal in the solution.
For electrical plating, the coating material 102 may be applied to the aluminum wire 101
by passing an electrical current through metal ion containing solution. The aluminum
wire 101 is a cathode in the bath, thereby attracting metal ions to the wire 101. The metal
ions are deposited on the wire 101 creating a coating 102 on the wire 101. Once the
metal coating 102 is deposited on the aluminum wire 101, the coated wire 103 is rinsed

and dried.

[0017] The aluminum wire 101 can be coated with a suitable copper compatible metal
such as either nickel or palladium. These materials, copper with aluminum, nickel AI-Ni
wire or copper with aluminum, palladium, Al-Pd wire create reliable metallurgical
systems. For instance, the intermetallic phase between the nickel and aluminum is less
prone to Kirkendall voiding or galvanic corrosion. While these materials are reliable, the
deposition of the metals 102 on the wire 101 is an important process because the addition
of undesirable materials, such as phosphorous, which causes surface oxidation, can

reduce the reliability of the system.

[0018] Referring to Figure 2, a semiconductor device 200 is die bonded to a lead frame
202 and has source regions 204 and a gate region 211 on one surface of the die 200 and a
drain region (not shown in Figure 2) on the opposing surface of the die 200. Also, the

source regions 204 of the semiconductor die 200 have aluminum coatings 205. Further,
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the lead frame 202 is bare copper having a die attach pad 206, a source package lead 207,
and a gate package lead 208. Also, the die attach pad 206 is connected to the lead frame
using a tie bar 209, which connects the die attach pad 206 to cross ties that extend
between the rails of the lead frame 202. The die 200 may be attached to the die attach
pad 206 with solder paste.

[0019] The coated aluminum wire 103 is bonded to both one of the source regions 204
of semiconductor die 200 and the copper source package lead 207. The coated wire 103
is bonded using either an ultrasonic or thermosonic bonding method. The resulting bonds
209, 210, using either of these bonding methods, creates a wedge shape; thus termed a
wedge bond. Ultrasonic wire bonding is a low temperature process that uses ultrasonic
energy to create a wedge bond. Thermosonic wire bonding requires high temperatures
and ultrasonic enexrgy to create a bond between the wire and the material to which it 1s

bonded.

[0020] The bonds between the semiconductor die 200 and the coated wire 103 are
reliable because the die 200 has aluminum contacts and the wire 103 has an aluminum
core coated with a suitable copper-compatible metal such as nickel or palladium. At one
end, the aluminum core of the coated wire 103 creates a reliable bond with the aluminum
contacts 204 on the die 200. At the other end of the bond wire, the copper-aluminum-
nickel metallurgic system creates a reliable bond between the coated wire 103 and the
package lead 207. The wire 103 is bonded to the bare copper package source lead 207
creating another wedge bond 210. Aluminum and copper are not as reliable as nickel or
palladium and copper, and therefore copper lead frames are generally plated with nickel
to ensure a reliable bond between the wire and the lead frame. However, the coated wire

103 provides a reliable bond also with a bare copper lead frame.

[0021] Nickel is often plated on bare copper lead frames, and aluminum wires are then
used for electrically connecting a semiconductor die to the leads. While aluminum and
nicke! are reliable systems, plating bare copper lead frames with nickel can be quite
costly. The invention provides one or more embodiments that are as reliable and less

costly by using a nickel coating on an aluminum wire 103 because there is less surface
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area to cover, as between a wire and a lead frame. Thus, the same result is produced but

at considerably less expense.

[0022] Figure 3 is a sectional view of the device shown in Figure 2 with an added
package lead 220 which is connected to the die attach pad 206 by another coated wire
203. The semiconductor die 200 is die bonded to the bare copper lead frame 202 such
that the drain region 214 1s attached to the die attach pad 205 by, for example, solder 212.
The aluminum coated wire 103 is wedge bonded as shown in Figure 3 to both the

semiconductor die 200 and the bare copper package source lead 206,

[0023] The method of manufacturing the device includes providing a bare copper lead
frame with a die attach pad and a plurality of leads extending from parallel rails to the die
pad and a semiconductor die. The semiconductor die is attached by its drain region to the
die attach pad in the lead frame using solder paste. Thereafter, the coated wire is
generally bonded to die pads on the semiconductor die first and then to the appropriate
lead of the lead frame. Then the wire is cut; this process is called forward bonding. The
wire may, however, be bonded first to the lead of a lead frame then to the die and cut.

After the wire is bonded to the die and leads, the device is packaged and singulated.

[0024] Generally three types of wires are used in ultrasonic and thermosonic bonding
methods. The common wires used in this type of wire bonding are copper, aluminum,
and gold. These wires may be pure, but mostly are alloyed with other materials to
provide strength in the wire. Generally copper and aluminum wires can be used in both
ultrasonic or thermosonic bonding methods. Gold wires are generally used in

thermosonic bonding methods.

[0025] Ultrasonic bonding produces a wedge shaped bond between the wire and
substrate to which it is bonded. Ultrasonic bonding is a low temperature, low pressure
bonding method that requires the use of ultrasonic energy in creating the bond.
Specifically, the wire to be bonded to a surface or device is fed at an angle, generally 30-
60° from the horizontal, into the wire bonding tool, called the wedge-shaped bonding
tool. The wire is pinned against the first bonding site, and with pressure and ultrasonic

energy the wire is bonded to the site. The bonding tool is raised and moved to the second
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bonding site, creating a loop shape in the wire from the first site to the second site. After

the second bond is formed the wire is cut.

[0026] Thermosonic bonding is a high temperature, low pressure bonding process
requiring ultrasonic energy. Again the wire is fed into the wedge shaped bonding tool at
an angle. The wire is held to the first bonding site, either the semiconductor die or the
source lead. The wire is pinned to the bonding site with pressure and heat along with
ultrasonic energy to create a bond. The heat applied is generally in the range of 100-
150°C, but in the case of gold wires can be as high as 250° C. The heat causes plastic
deformation of the wire and the material to which it is bonded, creating an intermetallic

connection.

[0027] The use of coated wires to electrically connect a semiconductor die to a lead at
less cost may also be applied to other devices. A coated wire may also be used to
connect electrical parts as shown in Figure 3. For instance, two bare copper parts may be
electrically connected by an aluminum wire coated with either palladium or nickel, since

these combinations are reliable intermetallic connections.

[0028] While the preceding was explained in terms of a coated aluminum wire, other
embodiments may include a gold wire coated with silver. Gold, silver, and copper create
another reliable system that can perform under high temperatures. Thus, another
embodiment of the present invention may include the use of a coated wire connecting a
semiconductor die to a bare copper lead frame using a gold wire coated with silver or

other suitable metallic materials.

[0029] The foregoing embodiments have been described in connection with a vertical
MOSFET transistor. However those skilled in the art understand that other transistors
and devices may be substituted. For example, bipolar transistor could be substituted for
the MOSFET with emitter regions and contacts corresponding to the source regions and
contacts, a base region and contact corresponding to the gate region and contacts, and a
collector region and contact corresponding to the drain region and drain contact. Other
semiconductor devices include and are not limited to integrated circuits, diodes,

thyristors, or IGBTs.
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[0030] While the invention has been described with reference to particular
embodiments, it will be understood by those skilled in the art that various changes may
be made and equivalents may be substituted for elements thereof without departing from
the scope of the invention. ln addition, many modifications may be made to adapt a
particular situation or material to the teachings of the invention without departing from

the scope of the invention.

[0031] Therefore, it is intended that the invention not be limited fo the particular
embodiments disclosed as the best mode contemplated for carrying out this invention, but
that the invention will include all embodiments falling within the scope and spirit of the

appended claims.
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We claim:

1.

[

A semiconductor device comprising:

a. asemiconductor die having a first surface comprising a control and first
terminal region and a second surfacing comprising a second terminal

region;

b. alead frame comprising a die attach pad, control leads, and terminal leads;

and
¢. a wire comprising a core of a first metal and coating of a second metal.

The device of Claim 1, wherein the first metal includes aluminum, aluminum

alloy, gold, or gold alloy.

The device of Claim 1, wherein the second metal includes nickel, palladium, or

stlver.

The device of Claim 1, wherein the semiconductor die is selected from the group

consisting of a diode, a MOSFET, thyristor, integrated circuit, and IGBT.

The device of Claim 1, wherein the semiconductor device further comprises a

packaging material.
A method of manufacturing a semiconductor device comprising the steps of:

a. providing a semiconductor die having a first and second surface
comprising a control region and a first terminal region on the first surface
of the die and a second ferminal region on the second surface of the die, a
lead frame with a die attach pad and control and terminal leads, and a wire

comprising a core of a first metal and a coating of a second metal;

b. attaching the die to the die attach pad of the lead frame;
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7.

10.

11.

12

13.

14.

15,

¢. attaching the wire to the semiconductor die and to a lead of the lead frame;

and
d. packaging the die, die attach pad, leads and wire.

The method of Claim 6, wherein the first metal of the wire includes aluminum or

aluminum ailoy.

The method of Claim 7, wherein the second metal is selected from the group

consisting of nickel or palladium.

The method of Claim 8, wherein the method of attachment inciudes thermosonic

bonding.
The method of Claim 8, wherein the bonding step is ultrasonic bonding.

The method of Claim 6, wherein the first metal includes gold or gold alloy.

. The method of Claim 11, wherein the second metal includes silver.

The method of Claim 12, wherein the bonding step is thermosonic bonding.
A method of connecting electronic parts comprising the steps of:

a. providing a first and second electronic part and a wire comprising a core of a

first metal and a coating of a second metal,
b. attaching the wire to the first electronic part; and
¢. attaching the wire to the second electronic part.

The method of Claim 14, wherein the first metal includes aluminum or aluminum
alloy, the second metal is selected from the group consisting of nickel and

palladium, and the method of attachment includes thermosonic bonding.

- 10 -
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16.

17.

18.

19.

20.

The method of Claim 14, wherein the first metal includes aluminum or aluminum
alloy, the second metal is selected from the group consisting of nickel and

palladium, and the method of attachment includes ultrasonic bonding.

The method of Claim 14, wherein the first metal includes gold or gold alloy, the
second metal includes silver, and the method of attachment includes thermosonic

bonding,.

A semiconductor die bonding wire comprising a core of a first metal and a coating

of a second metal.

The wire of claim 18, wherein the first metal is aluminum, aluminum alloy, gold,

or gold alloy.

The wire of claim 18, wherein the second metal is nickel, palladium, or siiver.

- 11 -
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