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SEMICONDUCTIVE CHIP HAVING A BOND
PAD LOCATED ON AN ACTIVE DEVICE

This application is a divisional of Application Ser. No.
09/399,363, filed Sep. 20, 1999 now U.S. Pat. No. 6,297,
562.

FIELD OF THE INVENTION

The present invention pertains to semiconductive chips,
and, more particularly, to bond pads of semiconductive
chips.

BACKGROUND OF THE INVENTION

Conventional semiconductive chips include many active
devices, i.e., transistors and diodes, as well as inactive
devices, i.e., resistors and capacitors. These semiconductive
chips include a plurality of bond pads, which are metallized
areas on the periphery of the semiconductive chip for
making a connection to a package pin. A small diameter gold
or aluminum wire is bonded each of to the bond pads by
application of heat and ultrasonic energy. Each of these bond
wires electrically connects the semiconductive chip with a
circuit or component of a substrate. In an effort to decrease
the space occupied by semiconductive chips and the assem-
bly steps associated with such semiconductive chips, flip
chip solutions have become more prominent because they do
not require wire bonding.

A conventional flip chip is essentially a semiconductive
die with all terminations on one side of the chip in the form
of solder bond pads or bump contacts. The surface of the flip
chip having the bond pads is flipped over for attaching to a
matching substrate in which interconnecting thin films and
possibly also thin film components have previously been
deposited. All electrical connections between the flip chip
and the substrate are made simultaneously by applying heat
or a combination of ultrasonic energy and pressure. With
such conventional flip chips, the bond pads are not located
on the active devices of the chip. Rather, the bond pads are
intentionally located away from the active devices. See, for
example, Column 4, lines 53-57 of U.S. Pat. No. 5,764,486.
The bond pads are located away from the active devices
because fabrication of the bond pads or attachment of
contact studs to such bond pads may damage the active
device if the active device is located underneath the bond
pad. For example, the bonding of a contact stud (a rigid
electrical conductor) to the bond pad of the flip chip may
crack a transistor if the bond pad is located on the transistor,
rendering the chip inoperable or significantly decreasing its
reliability.

Despite the known drawbacks of locating bond pads on
active devices of chips, attempts have been made to locate
specially configured bond pads directly over some transis-
tors. For example, one conventional flip chip includes a
specifically configured gold bump located on a transistor cell
of a chip. The gold bump is formed by depositing a 2050
micron layer of gold on top of the transistor cell with an
electroplating process. The gold bumps can then be bonded,
such as soldered, to a matching substrate. However, fabri-
cation of these gold bumps problematically requires several
manufacturing steps, further complicating the construction
of the flip chip.

SUMMARY OF THE INVENTION

Generally speaking, one object of the embodiments of the
invention is to provide a semiconductive chip having a bond
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pad located on an active device of the chip, where the bond
pad is configured such that a conductive stud can be bonded
to the bond pad without damaging the active device.

According to one aspect of the present invention, a
semiconductive chip includes at least one active device, and
at least one bond pad located on the active device. The bond
pad has at least one deformable member. The deformable
member is deformable when a conductive stud is bonded to
the bond pad.

According to another aspect of the present invention, a
semiconductive chip includes at least one active device, and
at least one bond pad located on the active device. The bond
pad has a patterned portion that is deformable when a
conductive stud is bonded to the bond pad so as to prevent
damage to the active device during the bonding of the
conductive stud to the bond pad.

In accordance with a further aspect of the present
invention, a method includes ultrasonically bonding a con-
ductive stud to a bond pad of a semiconductive chip. The
bond pad is located on an active device of the semiconduc-
tive chip.

Another aspect of the present invention pertains to a
method of deforming a deformable member of a bond pad of
a semiconductive chip when bonding a conductive stud to
the bond pad of the semiconductive chip. The bond pad is
located on an active device of the semiconductive chip.

A further aspect of the present invention pertains to a
semiconductive chip having at least one active device and at
least one bond pad located on the active device. A conduc-
tive stud is ultrasonically bonded to the bond pad.

Other objects, advantages and features associated with the
present invention will become readily apparent to those
skilled in the art from the following detailed description. As
will be realized, the invention is capable of other and
different embodiments, and its several details are capable of
modification in various obvious aspects, all without depart-
ing from the invention. Accordingly, the drawings and the
description are to be regarded as illustrative in nature, and
not limitative.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a perspective view of a chip according
to one embodiment of the present invention.

FIG. 2 illustrates a side view of the chip illustrated in FIG.
1 bonded to a substrate in accordance with one embodiment
of the present invention.

FIG. 3 illustrates an enlarged partial side view of the chip
illustrated in FIG. 1 bonded to a substrate.

FIG. 4 illustrates an enlarged partial view of the chip
illustrated in FIG. 1 bonded to a substrate with a conductive
filler material disposed therebetween.

FIG. 5 illustrates an enlarged partial view of the chip
illustrated in FIG. 1 bonded to a substrate with a dielectric
coating disposed over the electrical connection between the
chip and the substrate. A thermally conductive filler is also
located between the chip and the substrate.

FIG. 6 illustrates a perspective view of bond pad of the
chip illustrated in FIG. 1.

FIG. 7 illustrates an enlarged view of deformable mem-
bers of the bond pad illustrated in FIG. 6.

FIG. 8 illustrates an alternative embodiment of a bond pad
of a chip according to one embodiment of the present
invention.

FIG. 9 illustrates a further embodiment of a bond pad of
a chip according to one embodiment of the present inven-
tion.
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FIG. 10 illustrates a partial and enlarged cross-sectional
view of the chip illustrated in FIG. 1 before a conductive
stud has been bonded to the bond pad of the chip.

FIG. 11 illustrates a partial and enlarged cross-sectional
view of the chip illustrated in FIG. 1 after a conductive stud
has been bonded to the bond pad of the chip.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In the following description, like reference numeral refer
to like parts throughout the Figures.

FIGS. 1-11 illustrate features of a semiconductive chip 20
according to an embodiment of the present invention. The
semiconductive chip 20 illustrated in FIGS. 1-11 includes a
bond pad 24 located on an active device 26 of the chip. The
bond pad 24 includes at least one deformable member 36
that deforms when a conductive stud 40 is bonded to the
bond pad so as to prevent damage to the active device 26
during the bonding process. Because the conductive stud 40
may be bonded to the bond pad 24 without impairing the
function of the active device 26, the inductance associated
with electrical paths between the chip and a substrate 32 is
decreased and a direct heat dissipation path is provided for
heat generated by the active device.

The chip 20 is generally an unpackaged semiconductive
device cut from a wafer, typically an integrated circuit,
although the chip 20 may be packaged in accordance with
known techniques and still function as contemplated herein.
The semiconductive chip 20 illustrated in FIG. 1 is prefer-
ably a flip chip, which is essentially a semi-conductor die
having terminations located on one surface 22 of the chip 20
in the form of bump contacts or bond pads 24 (see FIGS.
3-11). After the surface 22 of the chip has been passivated
or otherwise treated, it is typically flipped over for attaching
to a matching substrate 32 having thin film metal contacts 34
located at positions that correspond to the location of the
conductive studs 40 of the chip 20 (see FIG. 2).

The substrate 32 includes interconnected thin films and
possibly also thin-film components that have been previ-
ously deposited. AU or some of the connections are made
between the chip 20 and the substrate 32 by bonding the
conductive studs 40 to the contacts 34 of the substrate 32.
The bonding between the conductive studs 40 and the
contacts 34 of the substrate 32 may be achieved by
soldering, cementing, chemical adhesives, by applying heat,
a combination of ultrasonic energy and pressure, any com-
bination of the previous, or other conventional bonding
techniques. Hence, many different bonding methods may be
used to bond the conductive stud 40 of the chip 20 to the
contacts 34 of the substrate 32. For example, metal alloys
(eutectic die attaches, solders, silver-filled glasses), and
organic adhesives (polyamides, silicones, and epoxies) may
be used to form the bond between the conductive stud 40 and
the contacts 34. If the conductive studs 40 are formed from
gold, a gold-silicon (Au-Si) bond may be used to bond the
gold studs 40 to the contacts 34. The silicon defuses into the
gold until the Au-Si eutectic composition is reached. Bond-
ing with soft solder (95% lead, 5% tin) is also a low-
temperature alternative.

Although the preferred embodiment of the chip 20 is a flip
chip, other chips are also contemplated. For example, the
chip 20 may have bond pads 24 on both the bottom surface
22 and the opposing top surface 28 of the chip. Hence, the
chip 20 can be a chip that is used in a multi-module unit
having a plurality of chips 20 stacked on top of each other.
The bond pads 24 also need not be arranged in any ordered
pattern.
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The chip 20 preferably includes many active devices 26,
only a few of which are illustrated schematically in FIG. 1.
Active devices 26 include components capable of control-
ling voltages or currents to produce gain or a switching
action in a circuit. Examples include transistors, such as
heterojunction bipolar transistors (HBT) structures and
field-effect transistors (FET’s). The chip 20 also preferably
includes many passive devices 29, such as resistors,
capacitors, and inductors. Together, the active devices 26
and passive devices 29 function as an integrated circuit.
However, the chip 20 can also be a die for a single discrete
device, such as a diode, transistor, or power transistor.

FIG. 3 illustrates an enlarged and partial view of the chip
20 bonded to the substrate 32. The substrate 32 may be a
wafer of silicon or gallium arsenide or other semiconductive
materials on which active and passive components are
formed. The substrate 32 may also be ceramic, such as an
alumina wafer on which conductive paths are formed and
include resistors, capacitors, and other items as well. The
substrate 32 can also be a circuit board on which a plurality
of the chips 20 may be bonded to, typically made of
glass-fiber epoxy laminate (GFE).

As illustrated in FIG. 3, a conductive stud 40 is bonded to
each of'the bond pads 24 of the chip 20. The conductive stud
40 is essentially a protruding pin, peg, bump, or other like
member formed of a conductive material. The bond pad 24
is essentially a metallized area (approximately 100x100 pm)
on at least one side 22 of the flip chip 20. When the
conductive studs 40 are bonded the bond pads 24, an
electrical connection is established between the bond pad
and the conductive stud. Hence, when the conductive studs
40 are bonded to the contacts 34 of the substrate 32, an
electrical connection is established between the bond pads
24 and the contacts 34. In the preferred embodiment, each
bond pad 24 is not only located on the active device 26, but
also defines an electrical connection with the active
component, which thus lessens the inductance associated
with the conductive path between the active device and the
substrate circuits or components. For example, if the active
device is a transistor, the bond pad 24 can be electrically
connected to the base, collector, or emitter of a transistor
(see FIG. 10).

As illustrated in FIGS. 3-11, at least some of the bond
pads 24 are located on the active devices 26 of the chip 20.
That is, at least one bond pad 24 extends over the area of an
active device 26. Hence, a bond pad 24 is located in
overlapping arrangement with the area of at least one active
device 26 of the chip 20. In the embodiment illustrated in
FIGS. 10 and 11, the bond pad 24 is on two active devices
26 and is in electrical contact with a contact of both active
devices. The bond pad 24 may not actually contact the
material that defines the active device 26, but will still be
“on” the active device as it overlaps the area of the active
device. Because one conductive stud 40 is bonded to one
bond pad 24, the conductive stud will also overlap the area
of the active device 26. Hence, the conductive stud 40 is also
located on the active device 26, even though one or more
items such as the bond pad 24 are located between the
conducive stud 40 and the active device 26. Thus, at least
some of the conductive studs 40 are located on the active
devices 26 of the flip chip 20. Although not illustrated, other
bond pads can be located away from the active devices 26.
That is, all of the bond pads 24 of the chip 20 do not have
to be located on active devices 26. Although FIGS. 1, and
3-5 illustrate a single bond pad 24 as having a smaller area
than the area of a single active device 26 (as measured along
an axis parallel with the longitudinal axis of the chip 20), in












