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(57) Abstract: A method is provided by which the cur-
rent carrying capacity of a semiconductor component (1;
25;31; 35) having a standard package outline and a stan-
dard pin arrangement may be increased. The semicon-
ductor component (1; 25; 31; 35) comprises a semicon-
ductor device (2; 27) and a leadframe (3). A package
layout (100) is defined and the orientation of the electri-
cally conductive means (19, 20) with respect to a semi-
conductor device (2; 27) and inner contact area (15) of
the leadframe (3) is altered so as to maximise the inter-
facial bonding area (23). The constraints of the stan-
dard package dimensions and the component assembly
method are taken into account.
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Description

WIRE-BONDED SEMICONDUCTOR COMPONENT AND MANUFACTURING METHOD THEREOF

The invention relates to methods for increasing the current
carrying capacity of a semiconductor component and to semicon-

ductor components with increased current carrying capacity.

High power semiconductor components such as diodes and tran-
sistors, e.g MOSFETs and IGBTs, are normally provided to the
customer as a packaged semiconductor component. The packaged
semiconductor cdmponent, typically, has one of a number of
standard package outlines which conforms to agreed industry
standards regarding the outer form and dimensions of the plas-
tic package as wéll as the number, dimensions and spacing of
the pins. A standard package outline has the advantage that
the component can be simply mounted on standardised printed

circuit boards.

However, the packages suffer from the disadvantage that the
current carrying capacity is limited. In order to increase the
current carrying capacity, it is known, for example from US
2003/0011051, to provide two or more bonding wires which are
connected in parallel between the power electrode of the semi-

conductor die and the source lead of the leadframe.

The leadframe and package outline are also modified in order
to further increase the current carrying capacity. The pin se-
quence of the package is changed in order to increase the size
of the source post, or inner contact area of the source pin.

Additionally, the cross-sectional area of the external por-
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tions of the pins is increased to increase the current carry-

ing capacity of the package.

However, although the current carrying capacity may be in-
creased by modifying the package and pins, the advantages of-
fered to the user of a standard package outline and a standard
pin arrangement are lost. The user, therefore, has to modify
the board in order to be able to mount the modified package.
This increases the complexity for the user and increases the
costs which can outweigh the benefit of a higher current car-

rying capacity.

It is, therefore, an object of the invention to provide meth-
ods by which the current carrying capacity of a semiconductor
component with a standard package outline and a standard pin

arrangement may be increased.

It is a further object of the invention to provide a semicon-
ductor component with an increased current carrying capacity
which retains the advantages of a standard package outline and

a standard pin arrangement.

These objects are achieved with the subject matter of the . in-

dependent claims.

Further advantageous developments are the subject matter of

the dependent claims.

According to the invention, a method for increasing the cur-
rent carrying capacity of a semiconductor component having a
standard package outline and a standard pin arrangement com-

prises the following steps.



10

15

20

25

30

WO 2007/036757 PCT/IB2005/002893

Firstly, a package layout is defined. The package layout com-
prises a die pad having an edge defining a first line and lat-
eral dimensions. The package layout also comprises a plurality
of leads disposed on one side of the die pad. Each lead has an
inner portion and an outer portion. At least one drain lead
extends from the die pad in a direction defining a second
line. The inner portion of each of the remaining leads com-
prises an inner contact area which is spaced at a distance
from the die pad. Each of the remaining leads extends in a di-
rection parallel to the second line. The inner contact area of
each remaining lead has maximum allowable dimensions. The
package layout fﬁrther comprises a semiconductor device, which
has lateral dimensions which are equal to or less than the
lateral dimensions of the die pad, and a plurality of electri-

cally conductive connecting means.

In the next step of the method, the area of the inner contact
area is defined and the cross-sectional area of the electri-
cally Conductive connecting means is defined. When the elec-
trically conductive connecting means is bonded to a surface an
interfacial bonding area is created between the electrically
conductive connecting means and the surface. The interfacial
bonding area of the.electrically conductive connecting means
having the defined cross-sectional area after it is bonded to
a surface is calculated. The following optimisation method is

then performed:

(a)a first end of the electrically conductive connecting
means is orientated with respect to the second line to

maximise the interfacial bonding area between the electri-
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cally conductive connecting means and the inner contact

area;

a second end of the electrically conductive connecting
means 1s orientated with respect to the first line to
maximise the interfacial bonding area between the electri-
cally conductive connecting means and the upper surface of

the semiconductor device;

the semiconductor device is orientated with respect to the
first line so that the central portion of the electrically
conductive connecting means has an orientation with re-
spect to the edge of the semiconductor device whicﬁ is as
close to 90° as possible and so that the semiconductor de-

vice remains within the area of the die pad;

the unoccupied area of the inner contact area is deter-

mined;

it i1s then determined if the unoccupied area is equal to
or larger than a predetermined value. The predetermined
value is the area required by the bonding tool clamps. If
the unoccupied area is not equal to or larger than a pre-
determined value step (f) is performed. If the unoccupied
area 1s equal to or larger than a predetermined value step

(g) is performed,

the relationship between the area of the inner contact
area and the cross-sectional area of the electrically con-
ductive connecting means is changed by increasing the area
of the inner contact area and/or decreasing the cross-

sectional area of the electrically conductive connecting
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means. The interfacial bonding area is calculated and

steps a to e of the method are repeated;

it is then determined if the unoccupied area is larger

Q

than a second predetermined value. The second predeter-
mined value defining a non-optimum interfacial area. If
the unoccupied area is larger than the second predeter-
mined value, the cross-sectional area of the electrically
conductive connecting means is increased, the interfacial
bonding area is calculated and steps a to e are repeated.
If the unoccupied area is not larger than a second prede-

termined value, the determined values are output.

The values which may be determined by the method according to
the invention are: the area of the inner contact area; the
cross-sectional area of the electrically conductive connecting
means; the orientation of the first end of the electrically
conductive means with respect to the second line; the orienta-
tion of the second end of the electrically conductive means
with respect to the first line, and the orientation of the
semiconductor device on the die pad. The interfacial bonding
area and the unoccupied area of the inner contact area may

also be output.

These values are used in the assembly of the semiconductor
component in order that the resulting component has an in-

creased current carrying capacity.

A semiconductor component may then be assembled by firstly
providing a lead frame in which the inner contact area has
lateral dimensions and an area as determined by the method ac-

cording to the invention.
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The semiconductor device is then mounted on the die pad with
an orientation with respect to the first line, defined by an
edge of the die pad, as determined by the method according to

the invention.

The semiconductor device is electrically connected to the in-
ner contact area by electrically conductive connecting means
having a cross-sectional area according to the invention. The
electrically conductive connecting méans is orientated of with
respect to the semiconductor device and to the inner contact

area as determined by the method according to the invention.

In a further step of the assembly, further electrical connec-
tions may be provided between control contacts, such as the
gate contact, and the lead frame. The semiconductor device,
die pad, electrically conductive connecting means and the in-
ner portions of the leads are then encapsulated in a plastic
molding compound. This is performed, typically, by a transfer
molding process in which the mold provides the component with
a plastic housing mass with outer surfaces which correspond to

the desired standard package outline.

The method according to the invention provides a method by
which the current carrying capacity of a semiconductor compo-
nent may be increased without modifications to the package
outline or to the pin arrangement. The method provides a means
by which the internal layout of the package is improved, and
may be optimised, so as to increase the current carrying ca-

pacity.
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In this context, the pin arrangement is used to denote the ex-
ternal portions of the pins which are seen by the customer or

user. The pin arrangement refers to the size of the individual
pins, their spacing from each other and their arrangement with

respect to the plastic package housing of the component.

This optimisation of the internal layout of the package has
the further advantage that a semiconductor device with a par-
ticular current demand may be accommodated in a component hav-
ing a smaller package outline. This is particularly desirable
as the miniaturisation of microelectronic systems without a
loss in power or functionality is, in general, one of the

driving forces behind developments in this technical field.

The method according to the invention provides a method by
which the interfacial area between the semiconductor device
and the electrically conductive connecting means and between
the inner contact area of the lead of the leadframe and the
electrically conductive connecting means is optimised within

the confines of the standard package outline.

Therefore, the method also provides the maximum interfacial
bonding area allowable for an inner contact area which itself
has maximum allowable dimensions due to the standard package
outline. An increased interfacial bonding area reduces the re-
sistance of the electrically conductive connecting means and

enables a larger current to be carried.

Additionally, the method according to the invention takes the
assembly process into account. The electrically conductive
connecting means is typically attached to the semiconductor

device to the inner contact area using a bonding tool. For
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electrically conductive connecting means in the form of bond
wires among this is performed by a wire bonder. The bonding
tool, typically, has clamps which are in contact with the lead
frame, and, in particular, the inner contact area during the
bonding process. This prevents movement of the leads and the

lead frame during the bonding process.

The method according to the invention provides a method by
which the interfacial bonding area is maximised while leaving
sufficient area of unoccupied that the bonding tool can be
placed on the inner contact area. The bonding process can,

therefore, be reliably carried out.

The method also includes the feature that the electrically
conductive connecting means is orientated with respect to the
semiconductor device so that the central portion of the elec-
trically conductive connecting means has an orientation which
is as close to 90° as possible to the edge of the semiconduc-
tor device. This orientational relationship increases the in-
terfacial bonding area and enables the length of the connec-
tion to be reduced. This reduces the inductance of the wire
which further improves the functionality of the component.
This feature of the method also further improves the reliabil-
ity of the bonding process as well as the reliability of the

electrical connection after it has been formed.

Furthermore, the method also includes a step by which the ori-
entation of the semiconductor device on the die pad is altered
under the constraint that the semiconductor device remains
within the area of the die pad. Therefore, the outline of the
package is not changed. The semiconductor device is orientated

with respect to the edge of the die pad so that the central



10

15

20

25

30

WO 2007/036757 PCT/IB2005/002893

9

portion of the electrically conductive connecting means has an
orientation with respect to the edge of the semiconductor de-
vice which is as close to 90° as possible. This reduces the
length of the electrically conducting connecting means which
reduces resistive losses and increases the current carrying

capacity of the component.

In an embodiment, the cross-sectional area of the electrically
conductive connecting means is selected from a plurality of
pre-defined values. This embodiment takes into account that
electrically conductive connecting means, such as bond wires,
are typically provided by a manufacturer which provides the
material in a limiﬁed range of standard sizes. This material
is cheaper than material made specifically for a customer or-
der. Therefore, this embodiment of the method allows for the
optimisation of standard sized electrically conductive con-
necting means within the standard package housing. This opti-
mises the current carrying capacity of the component while

keeping the cost of the component as low as possible.

In an embodiment, the electrically conductive connecting means
is provided by a bond wire with an essentially circular cross-
section. In an alternative embodiment, the electrically con-
ductive connecting means is provided by a foil with an essen-

tially rectangular cross-section.

In an embodiment, the first end of the electrically conductive
connecting means is orientated approximately perpendicular to
the second line. This arrangement maximises the interfacial
bonding area between the bond formed at the first end of the
electrically conductive connecting means and the inner contact

area. The further embodiment, the second end of the electri-
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cally conductive connecting means is orientated approximately
parallel to the first line. In this embodiment, the interfa-
cial bonding area is maximised between the bond at the second
end of the electrically conductive connecting means and the

semiconductor device.

In a further embodiment, both the first end and the second end
are orientated approximately perpendicular to the edge of the
inner contact area and semiconductor device respectively. The
edge of the inner contact area is essentially parallel to the
first line defined by the edge of the die pad and essentially
perpendicular to the second line defined by the drain lead.

This type of bond is commonly referred to as an S bond.

In a further embodiment of the invention, the first predeter-
mined value defining the unoccupied area of the inner contact
area required by the bonding tool clamps is the area required

by the bonding tool clamps in a single pass bonding process.

In a single pass bonding process, all of the bonds connecting
the semiconductor device to the inner contact area are per-
formed with the bonding tool clamps in one position. Two or
more physically isolated electrically conductive connecting
means may be connected in parallel between the semiconductor
device and the inner contact area without re-positioning the
bonding tool clamps. This embodiment has the advantage that
the provision of two or more electrically conductive connect-
ing means connected in parallel further reduces the resistance
of the current carrying pass within the package outline. As
all of the bonds are formed using one position of the bonding
tool clamps, the bonding process can be carried out effi-

ciently.
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In an alternative embodiment, the first predetermined value
defining the unoccupied area of the inner contact area re-
quired by the bonding tool clamps is the area required by the

bonding tool clamps in a two pass bonding process.

In a two pass bonding process, the bonding tool clamps are
placed on the inner contact area and/or lead frame in a first
position while a first electrically conductive connecting
means is electrically connected between the semiconductor de-
vice and the inner contact area. After the first electrically
conductive connecting means 1s bonded, the bonding tool clamps
are moved to a secoﬁd position. A second electrically conduc-
tive connecting means is then provided between the semiconduc-
tor device and the inner contact area. The first and second
electrically conductive connecting means are connected in par-
allel between the semiconductor device and the inner contact

area so as to reduce the resistance of the current path.

A two pass bonding process has the advantage that the area of
the inner contact, which will be later occupied by the second
electrically conductive connecting means, can be used by the
bonding tool clamp while attaching the first electrically con-
ductive connecting means. This can provide a more reliable
clamping of the bonding tool on the lead frame during the

first pass.

In a further embodiment, it is also possible that the wire
bonding tool clamps are outside of the inner contact area dur-
ing the second pass, i.e. when the second electrically conduc-
tive conducting means is produced between the semiconductor

device and the inner contact area. This is possible due to the
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stability provided to the lead frame and inner contact area by
the first electrically conductive connecting means. This em-
bodiment has the advantage that the area, which is unoccupied
by the interfacial bonding areas, is reduced. Therefore, the
interfacial bonding area may be increased. This further re-
duces the resistance of the current path and can also enable
the current carrying capacity of the component to be in-

creased.

Their further embodiment, the following additional steps may
be carried out after step (d) of the optimisation process out-

lined above.

The area required by each bonding tool clamp within the area
of the inner contact area is defined and the lateral position
of the bonding tool clamp within the area of the inner contact
area is defined. The lateral position of the unoccupied area
of the inner contact area is determined. A comparison of the
lateral position of the unoccupied area and the defined lat-
eral position of the bonding tool clamp and the defined area
required by the bonding tool clamp is carried out. If the de-
fined lateral position of the bonding tool clamp and the de-
fined area required by the bonding tool clamp lie outside the
lateral position of the unoccupied area, step (£) of the
method described above is performed. If the defined lateral
position of the bonding tool clamp and the defined area re-
quired by the bonding tool clamp lie within the lateral posi-
tion of the unoccupied area step (g) of the method described

above 1s performed.

This embodiment of the invention takes into account the lat-

eral position of each bonding clamp within the area of the in-
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ner contact area. Therefore, the different area requirements
for a single pass and a two pass bonding process can be taken
into account and the interfacial bonding area maximised ac-

cordingly.

The invention also provides a semiconductor component having a
standard package outline and a standard pin arrangement which
comprises a die pad having an edge defining a first line and
having a lateral dimensions. The component also comprises a
plurality of leads disposed on one side of the die pad. Each
lead has an inner portion and an outer portion. At least one
drain lead extends from the die pad in a direction defining a
second line. The innér portion of each of the remaining leads
comprises an inner contact area which is spaced at a distance
from the die pad. Each lead extends in a direction parallel to
the second line. The semiconductor component also comprises a
semiconductor device having lateral dimensions which are equal
to or less than the lateral dimensions of the die pad and a
plurality of electrically conductive connecting means. The
standard package outline is a T0252 package outline and the

electrically conductive connecting means comprise bond wires

with a diameter of greater than approximately 350 um.

The semiconductor component, therefore, comprises bond wires
with a larger diameter than can be conventionally used in com-
ponent with a T0252 package outline. Therefore, the current
carrying capacity of the component can be increased by using
the method of the invention to optimise the internal layout of
the component so that the diameter of the bond wires may be
increased and the component can be reliably assembled. In an

embodiment, the component comprises two bond wires with a di-

ameter of 350 um which stretch between the semiconductor de-
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vice and a single inner contact pad. In this embodiment, the

component also has a T0252 package outline.

In further embodiment, the component comprises two or more

bond wires with a diameter of approximately 500 um. The two or
more bond wires reach between the semiconductor device and a

single inner contact area. The provision of two bond wires

with a diameter of approximately 500 um further increases the
current carrying capacity of a component with a T0252 package

outline.

In a further embodiment, the semiconductor device is orien-
tated with respect to the first line, defined by an edge of
the die pad, by an angle 0, where 0° < 6 < 90°. The semicon-
ductor device is orientated so that the angle formed between
the central portion of the bond wire and the edge of the semi-
conductor device is as close to 90° as possible under the con-
straint that the semiconductor device is located within the
lateral dimensions of the die pad. The semiconductor device
can be mounted inside the standard package outline which

avoids modifying the standard dimensions of the package.

As the angle formed between the central portion of the bond
wires and the edge of the semiconductor device is as close to
90° as possible, the length of the bond wire between the semi-
conductor device and the inner contact area can be reduced and
may be chosen to be as short as possible. This reduces induc-
tance and improves the functionality of the device. In addi-
tion, the heat dissipated by the component is reduced which
further improves the functionality of the component, for exam-

ple the switching speed of a transistor.
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In an embodiment, the semiconductor device is a high power
semiconductor device. The high power semiconductor device may
be a power switching device such as a MOSFET, a IGBT, a BJT or
a diode. The power switching device may also be a vertical

power device.

In the description, the semiconductor power switch is de-
scribed as having at least one source electrode, at least one
drain electrode and at least one gate electrode as is used for
MOSFET switches. However, this nomenclature is not intended to
limit the semiconductor power switch to a MOSFET. For other
types of semiconductor power switch, this nomenclature refers
to the corresponding feature. For a BJT, gate corresponds to
base, source corresponds to emitter and drain corresponds to
collector. For a IGBT, source corresponds to emitter and drain

corresponds to collector.

In summary, the invention provides a method by which the cur-
rent carrying capacity of a semiconductor component with a
standard package outline and a standard pin arrangement can be
increased. In one embodiment of the invention, a semiconductor
component is provided which has a T0252 outline, also known as
a Dpak 3 package, which includes two bond wires with a diame-
ter of 350 um. The bond wires comprise aluminium and provide
two parallel electrical connections between the source inner
contact area or source lead post and a semiconductor MOSFET

device.

In a further embodiment, a component with a T0252 package out-
line comprises two aluminium source leads connected in paral-
lel between the source contact of the semiconductor device and

the inner contact area of the source lead which each have a
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diameter of 500 um. The currént carrying capacity of the pack-

age is increased to around 90 Amps.

The invention, therefore, provides a Dpak 3 package which is
suitable for applications requiring 90 Amps. In conventional
packages, this capacity is provided only by Dpak5 packages

which have 5 pins and are much larger. The invention, there-
fore, provides a package without redundant leads and removes
the design constraints of the PCB layout which arise as a re-

sult of the use of a Dpak5 package for the MOSFET device.

Embodiments of the invention will now be described with refer-

ence to the diagrams.

Figure 1 illustrates a semiconductor component assembled af-
ter a first iteration of the method of the inven-

tion;

Figure 2 shows a semiconductor component assembled after a
second iteration of the method according to the in-

vention is performed on the component of Figure 1,

Figure 3 illustrates the assembly of a semiconductor compo-
nent according to a second embodiment of the inven-

tion,

Figure 4 shows the first position of the wire bond clamps
when assembling a semiconductor component according

to a third embodiment of the invention,
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Figure 5 depicts the second position of the wire bond clamps
when assembling the semiconductor component of Fig-

ure 4, and

Figure 6 shows the assembly a semiconductor component accord-

ing to a fourth embodiment of the invention.

Figure 1 shows a plan view of a semiconductor component 1 as-
sembled after a first iteration of the method of the inven-
tion. The semiconductor component 1 comprises a semiconductor
device 2, a lead frame 3 and a plastic housing 4 having a
TO252 package outline 5. The semiconductor device 2 is a ver-
tical MOSFET device. The upper surface of the MOSFET device
comprises a source contact 6 and a gate contact 7. The lower
surface of the MOSFET device comprises the drain contact 8

which cannot be seen in figure 1.

According to the method of the invention a package layout 100
is defined. The package layout was defined as conforming to
the T0252 standard. Therefore, and the lateral dimensions of
the leadframe 3, including a die pad 9, the number, position
and dimensions of the outer portions leads 10 and the maximum
lateral dimensions of a semiconductor device which will fit
within the lateral dimensions of the die pad 9 are defined by

this standard.

In the package layout 100, the lead frame 3 comprises a die
pad 9, which is essentially rectangular, and three leads, or
pins 10 which are arranged adjacent the long side 17 of the
die pad 9 which defines a first line. The outer portion of
each of the three leads 10 extends in a direction which is es-

sentially perpendicular to the long edge 17 of the rectangular
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die pad 9. Each lead 10 extends in a direction essentially
parallel to each of the other leads 10 of the component 1. the

direction of the leads defines a second line.

The central lead 11 extends from and is mechanically and elec-
trically connected to the die pad 9 and provides the drain
lead 11 of the package 1. The lead 12 positioned to one side
(the left in the orientation of the component shown in Figure
1) of the drain lead 11 comprises the gate lead of the compo-
nent 1. The lead 13 positioned on the opposite side (on the
right in the orientation of the component shown in Figure 1)
of the drain lead 11 comprises the source lead 13 of the semi-
conductor component 1. The three leads 10 each comprise an in—
ner portion and an outer portion. The three leads 10 are
joined by support bar 14 which is disposed approximately per-
pendicular to the three leads 10. The support bar 14 holds the
leadframe 3 within a lead frame strip which comprises a plu-
rality of essentially identical leadframes 3 arranged in rows
and columns which are not shown in figure 1 for clarity. The
support bar 14 is removed after the component assembly process
is complete to electrically isolate the three leads 11, 12,

and 13.

The inner portion of the gate lead 12 and the source lead 13
includes an inner bdnding area or lead post 15. The inner con-
tact areas 15 are positioned at a short distance from the edge
of the die pad 3 and are, therefore, not directly mechanically
attached to, or electrically connected to, the die pad 9.
According to the method of the invention, an area is defined
for the inner bonding area 15. This area is, in this embodi-
ment of the invention defined as A. The inner bonding area 15

extends, in each case, inwardly towards the central drain lead
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11. The portion of the inner contact area 15 adjacent to the
edge 17 of the die pad 9 is essentially rectangular. The por-
tion of the inner die pad 15 from which the source lead 13 ex-
tends is approximately triangular. The form of the inner con-
tact areas 15 can be considered as a rectangle in which the
corner adjacent the drain lead 11 which faces away from the

die pad 9 has been removed.

The gate electrode 7 positioned on the upper surface of the
semiconductor device 2 is connected to the inner contact area

15 of the gate lead 12 by a single gold bond wire 18 which has

a diameter of 75 um.

According to the method of the invention, the cross-sectional
area of the connecting means which electrically connect the
source contact 6 to the leadframe 3 is then defined. In this
embodiment of the invention, the source electrode 6 is elec-
trically connected to the inner contact area 15 of the source

lead 13 by two bond wires 19 and 20 which each has a defined

diameter of 350 pm.

The interfacial bonding area 21, which defines the area of the
bond formed between the bond wires 19 and 20 and the upper
surface of the source contact 6 and the upper surface of the
inner contact area 15 was calculated. This can be done based
on the known bond process parameters such temperature and

pressure of the bond process for a bond wire with a diameter
of 350 um. The optimisation method of the invention was then

carried out.
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The first end 21 of each source bond wire 19, 20 was orien-
tated with respect to the inner contact area 15 so as to maxi-

mise the interfacial bonding area.

The second end 22 of each bond wire 19,20 was orientated with
respect to the edge of the die pad to maximise the interfacial
bonding area between the second end 22 of each bond wire 19,20
and the upper surface of the semiconductor device 2. As can be
seen in figure 1, the semiconductor device 2 was orientated
such that the bond wires 19, 20 form an angle of 45° to the

edge of the semiconductor chip.

The semiconductor device 2 is, in this embodiment of the in—‘
vention, also essentially rectangular and is positioned ap-
proximately concentrically on the rectangular die pad 9.
Therefore, the long edge 16 of the semiconductor device 2 lies
in a plane which is essentially parallel to the long edge 17
of the die pad 9. The angle between the long edge 16 of the
semiconductor device 2 and the long edge 17 of the die pad 9

is, therefore, approximately 0°.

With the restrictions of the size of the semiconductor device
and lateral dimensions of the inner contact area 15, according
to the further conditions regarding the area required by the
bonding tool clamps, an angle of 45° between the second end 22
of the bond wires 19, 20 and the edge 16 of the semiconductor

device 2 is as close as possible to an angle of 90°.

As can be seen in Figure 1, the area A of the inner contact
area 15 is insufficient to accommodate the bond wires 19, 20.
Therefore, according to the method of the invention, the area

of the inner contact area was increased to a value B and the
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optimisation method repeated. The result of the second itera-

tion of the optimisation method is shown in Figure 2.

Features which are essentially the same as those shown in Fig-
ure 1 are indicated by the same reference number in the fol-
lowing Figures and are not necessarily described in detail

again.

The semiconductor component of Figure 2 differs from that of
Figure 1 in that the inner contact areas 15 are rectangular
and have a larger area than the inner contact areas shown in
Figure 1. In the second iteration, the interfacial bonding ar-
eas were maximised and ﬁhe orientation of the semiconductor
chip with respect to the bond wires 19, 20 was chosen so as to

provide an angle as close to 90° as possible.

A comparison of the area of the inner contact area 15 occupied
by the interfacial bonding areas 23 and the unoccupied area
shows that an inner contact area with an area of B is suffi-
ciently large to accommodate two bond wires 19, 20 with a di-
ameter of 350 um within a TO0252 package outline. Sufficient
space also remains for the wire bonding clamps. The component
as shown in Figure 2, therefore, fulfils the criteria of the

method of the invention.

After the semiconductor component 1 has been assembled accord-
ing to the method of the invention, the semiconductor device
2, the die pad 9, the inner portions of the leads 10 including
the inner contact areas 15, and the bond wires 18, 19, and 20
are encapsulated in a plastic mold material 4. The outer sur-
faces of the mold material 4 provide the outer surfaces of the

semiconductor component 1. The outline of the package provided
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by these outer surfaces is indicated in figure 1 by the dashed
line 5. In this embodiment of the invention, the semiconductor
component 1 has a package outline 5 which corresponds to the

dimensions of a T0252 package outline.

The position of the bonding tool clamps used to assemble a
component according to various embodiments of the method ac-
cording to the invention, are shown in relation to Figures 3

to 6.

Figure 3 shows the assembly of a semiconductor component 25
according to a second embodiment of the invention and shows a
component position 26 of a leadframe strip. The component po—A
sition 26 is sued to assemble a semiconductor component 25
with the T0252 package outline. Since Figures 3 to 6 illus-
trate the production method for the fabrication of the source
wire bonds 19, 20, the package outline is not shown in the

figures for clarity.

The semiconductor component 25, according to a second embodi-
ment of the invention, differs from the semiconductor compo-
nent 1 depicted in Figure 2, in that the semiconductor device
27 has smaller lateral dimensions than the semiconductor de-
vice 2 of the first embodiment. The inner contact areas 15

have an area B as in the embodiment of Figure 2.

The semiconductor device 27 is also a MOSFET device and its
upper surface comprises a source contact 6 and a drain contact
7. The drain contact 8 1is positioned on its rear surface and
is electrically connected to the die pad 9 and, therefore, the
drain lead 11. The semiconductor component 25 was also assem-

bled according to the method of the invention.
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Since the lateral dimensions of the semiconductor device 27
are smaller, the semiconductor device 27 is orientated on the
die pad so that the long edge 16 of the semiconductor device
27 lies at an angle of around 20° to the long edge 17 of the
die pad 9. The source contact 6 is electrically connected to
the inner contact that 15 of the source lead 13 by two wires
19, 20. The inner contact area 15 has essentially the same
lateral dimensions as the inner contact area 15 shown in Fig-

ure 2. The two bond wires 19, 20 also comprise aluminium and

have a diameter of approximately 350 um.

The central portion 24 of the bond wires 19, 20 lies at an an-
gle of approximately 85° to the long edge 16 of the semicon-
ductor device 27. The semiconductor component 25 was assembled
using an embodiment of the method of the invention in which
the position of the bonding tool clamps 28, 29, and 30 re-
quired to form the two source wires 19, 20 in a single bonding
pass process, is taken into account. The position of the bond-

ing tool clamps in indicated in the figures by rectangles.

As can be seen in Figure 3, the bonding tool clamp 28 is posi-
tioned so that it clamps the drain lead 11 and the bottom left
hand corner of the essentially rectangular inner contact area
15 of the source lead 13. The two remaining bonding tool
clamps 29, 30 placed in contact with the support bar 14 either
side of the source lead 13. This arrangement provides a stable
clamping of the lead frame 3 during the wire bonding process
while also requiring that only a small area or thé inner con-
tact area 15 is occupied by the clamp 28 and is unavailable

for use by the interfacial bonds 20.
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The method according to the invention was used to determined
an optimum combination of the area and position required by
the bonding clamp 28, the available area of the inner contact
area 15, the diameter of the wires 19, 20 and orientation of
the semiconductor device 27 on the die pad 9. This combination
of features results in an increased current carrying capacity
of the semiconductor component 25 within a T0252 package out-

line. This package can carry up to 90 Amps.

Figures 4 and 5 show two stages in a method according to a
third embodiment of the invention for the assembly of a semi-

conductor component 31 using a two-pass wire bonding method.

The semiconductor component 31 comprises a MOSFET semiconduc-
tor device 27 and the lead frame 3. The lead frame 3 comprises
a rectangular die pad 9 and three leads 10 disposed on one of
the long sides of the die pad 3. Similarly to the embodiments
of figures 1 and 2, the lead frame 3 of the semiconductor com-
ponent 31 includes a central drain lead 11, a gate lead 12 and
a source lead 13. The source lead 13 and the gate lead 12 in-
clude inner contact areas 15. Each inner contact area 15 is
essentially rectangular, has an area B and extends from the
innermost end of the inner portion of the respective gate lead
12 and source lead 13 towards the central drain lead 11. The
lateral dimensions of the inner contact area 15 is approxi-
mately the same as in the embodiments shown in Figures 2 and

3.

The MOSFET device 27 is mounted with its rear surface on the
upper surface of the die pad 9 so that the long side 16 of the
MOSFET device 27 dies at an angle of approximately 20° to the
long side 17 of the die pad 9. The gate electrode 7 is con-
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nected by a first bond wire 18 which comprises gold and has a

diameter of. approximately 75 um to the inner contact area 15

of the gate electrode 12.

The MOSFET device 27 will be electrically connected by two
bond wires which reach between the source contact 6 and the

inner contact area 15 of the source lead 13.

In this embodiment of the invention, the wire bonding of the
source contact 6 to the source lead 13 occurs in two passes.
In the first stage, shown in Figure 4, the wire bonding tool
clamps 32 and 33 are positioned on the lead frame 3 so as to
simplify the production of a first bond wire 19 between the
source electrode 6 and the inner contact area 15 of the source
lead 13. As can be seen in Figure 4, a wire bonding clamp 32
is positioned towards one side (the right side for the orien-
tation of the component shown in Figure 4) of the inner con-
tact area 15 in approximately the lateral centre of the short
side. A second wire bonding clamp 33 is positioned on the sup-
port bar 14 to the right of the source lead 13. This provides
a stable clamping of the lead frame 3 while leaving the major-
ity of the inner contact area 15 (the central and left hand
regions for the orientation shown in Figure 4) unoccupied so
as to simplify the bonding of the first bond wire 19 to the

inner contact area 15.

The lead frame 3 represents a single component position of a
leadframe strip having a plurality of similar component posi-
tions, which are not shown in the Figure for clarity. In the
first pass of the wire bond, a first wire bond 19 is produced
between the source contact 6 of the MOSFET device 27 and the

inner contact area 15 of the source lead 13 in each of the
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component positions. In the second pass of the wire bond tool
over the lead frame strip, a second bond wire 20 will be pro-

duced in each of the component positions.

The production of the second bond wire 20 between the source
electrode 6 disposed on the upper surface of the MOSFET device
27 and the inner contact area 15 of the source lead 13 is il-

lustrated in connection with Figure 5.

As can be seen in Figure 5, the second bond wire 20 extends
form the source electrode 6 to the inner contact area 15 in a
direction which is essentially parallel to that of the first
bond wire 19. Since the inner contact area 15 is already me-
chanically secured to the die pad via the first bond wire 19
and the mounted semiconductor device 27, the positioning of a
bond wire clamp on the inner contact area in the second pass
can be avoided. As can be seen in figure 4, the two clamps 32
and 33 are positioned on the support bar 14 either side of the
source lead 13. This arrangement maximises the area available

for bonding within the inner contact area 15.

Figure 6 shows a semiconductor component 35 assembled using a

method according to the invention.

Similarly to the embodiments shown in Figures 3, 4 and 5, the
semiconductor component 35 comprises a MOSFET device 27 and a
lead frame 3 comprising a die pad 9 and three leads 10. The
MOSFET device 27 is orientated on the die pad 9 so that the
long side 16 of the MOSFET device 27 dies at an angle of ap-
proximately 20° to the long side 17 of the die pad 9. The in-
ner contact areas 15 have an area B and dimensions essentially

the same as the embodiments of Figures 3, 4 and 5.



10

15

20

25

30

WO 2007/036757 PCT/IB2005/002893

27

The embodiment of Figure 6 differs from the embodiments of
Figures 3 and 5 in that the source electrode 6 is electrically
connected to the inner contact area 15 of the source lead 13
by two bond wires 19, 20 which include a kink or bend 36. The
first end 21 of each of the source bond wires 19, is posi-
tioned so as to be approximately perpendicular to the long
side of the inner contact area 15 and approximately parallel
to the drain lead 11. The second end 22 of each of the source
wires 19,20 is positioned on the source contact 6 of the semi-
conductor device 27 so as to form an angle of approximately
85° with the long side 16 of the MOSFET device 27. Therefore,
the central portion 24 of-each of the bond wires 19, 20 lies
at an angle of approximately 160° to the direction of the
first end 21 of the bond wires 19,20 which is attached to the

inner contact area 15 of the source lead 13.

As can be seen in figure 6, this arrangement allows the inter-
facial bonding area 20 between the two source wires 19, 20 and
inner contact area 15 to have an approximately square or rec-
tangular form. This enables bond wires with a larger diameter
to be accommodated on an inner contact area with the same lat-
eral dimensions as in the embodiments illustrated in Figures

1, 2 and 4. In this embodiment, the bond wires 19, 20 have a

diameter of 500 um.

Furthermore, the interfacial bonding areas 20 can be posi-
tioned towards the lateral centre of the inner contact area
15. This has the advantage, that regions of the inner contact
area 15 towards the two short sides remains unoccupied by the
bond wires 19, 20. This enables the wire bond clampers 32 and

33 to be positioned so as to clamp the outer regions of the
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two short sides of the inner contact area 15. This arrangement
provides a more stable clamping of the inner contact area as

the inner contact area i1s directly clamped by the two bond

wire clamps 32, 33.
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Patent claims

1. Method for increasing the current carrying capacity of a

semiconductor component (1; 25; 31; 35) having a standard

package outline and a standard pin arrangement, the method

comprising:

- defining a package layout (100), the package layout

(100) comprising:

a die pad (9) having an edge (17) defining a first
line and having a lateral dimensions;

a plurality of leads (10) disposed on one side of
the die pad (9), each lead (10) having an inner por-
tion and an outer portion, wherein at least one
drain lead (11) extends from the die pad (9) in a
direction defining a second line and the inner por-
tion of each of the remaining leads (12, 13) com-
prises an inner contact area (15) which is spaced at
a distance from the die pad (9), each lead (10) ex-
tending in a direction parallel to the second line,
the inner contact area (15) having maximum allowable
dimensions;

a semiconductor device (2; 27) having lateral dimen-
sions which are equal to or less than the lateral
dimensions of the die pad (9); and

a plurality of electrically conductive connecting

means (19, 20),

- defining the area of the inner contact area (15);

- defining the cross-sectional area of the electrically

conductive connecting means (19, 20);

- calculating the interfacial bonding area (23) of the

electrically conductive connecting means (19, 20) hav-

ing said cross-sectional area after the electrically
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conductive connecting means (19, 20) is bonded to a
surface;

- performing the following optimisation method:

(a) orientating a first end (21) of the electrically con-
ductive connecting means (19, 20) with respect to the
second line to maximise the interfacial bonding area
(23) between the electrically conductive connecting
means (19, 20) and the inner contact area (15);

(b) orientating a second end (22) of the electrically con-
ductive connecting means (19, 20) with respect to the
first line to maximise the interfacial bonding area
(23) between the electrically conductive connecting
means (19, 20) and thé upper surface of the semiconduc-
tor device (2; 27);

(c)orientating the semiconductor device (2; 27) with re-
spect to the first line so that the central portion
(24) of the electrically conductive connecting means
(19, 20) has an orientation with respect to the edge
(16) of the semiconductor device (2; 27) which is as
close to 90° as possible and so that the semiconductor
device (2; 27) remains within the area of the die pad
(9);

(d) determining the unoccupied area of the inner contact
area (15);

(e)determining if the unoccupied area is equal to or lar-
ger than a predetermined value, the predetermined value
being the area required by the bonding tool clamps(28);
if no performing step (f), if yes performing step (g),

(f) changing the relationship between the area of the inner
contact area (15) and the cross-sectional area of the
electrically conductive connecting means (19, 20) by

increasing the area of the inner contact area (15)
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and/or decreasing the cross-sectional area of the elec-
trically conductive connecting means (19, 20) and cal-
culating the interfacial bonding area (23) and repeat-
ing steps a to e,

(g) determining if the unoccupied area is larger‘than a
second predetermined value, the second predetermined
value defining a non-optimum interfacial area; if yes,
increasing the cross-sectional area of the electrically
conductive connecting means (19, 20), calculating the
interfacial bonding area (23) and repeating steps a to

e; if no, outputting the determined values.

Method according to claim 1

characterised in that

the cross-sectional area of the electrically conductive
connecting means (19, 20) is selected from a plurality of

pre-defined values.

Method according to claim 1 or claim 2

characterised in that

the electrically conductive connecting means (19, 20) is
provided by a bond wire with an essentially circular

cross-section.

Method according to claim 1 or claim 2

characterised in that

the electrically conductive connecting means (19, 20) is
provided by a foil with an essentially rectangular cross-

section.

Method according to one of the previous claims

characterised in that
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the first end (21) of the electrically conductive connect-
ing means (19, 20) is orientated approximately parallel to

the second line.

Method according to one of the previous claims
characterised in that

the second end (22) of the electrically conductive con-
necting means (19, 20) is orientated approximately perpen-

dicular to the first line (17).

Method according to one of the previous claims
characterised in that

the first predetermined Qalue defining the unoccupied area
of the inner contact area (15) required by the bonding
tool clamps (28) is the area required by the bonding tool

clamps (28) in a single pass bonding process.

Method according to one of claims 1 to 6

characterised in that

the first predetermined value defining the unoccupied area
of the inner contact area (15) required by the bonding
tool clamps (32) is the area required by the bonding tool

clamps (32)in a two pass bonding process.

Method according to one of the previous claims

characterised in that the following additional steps after

step (d) are performed:

- defining the area required by each bonding tool clamp
(28; 32) within the area of the inner contact area

(15);



WO 2007/036757 PCT/IB2005/002893

34

- defining the lateral position of the bonding tool clamp
(28: 32) within the area of the inner contact area
(15);

- determining the lateral position of the unoccupied area
of the inner contact area (15);

- comparing the lateral position of the unoccupied area
with the defined lateral position of the bonding tool
clamp (28; 32) and the defined area required by the
bonding tool clamp (28; 32); if the defined lateral po-
sition of the bonding tool clamp (28; 32) and the de-
fined area required by the bonding tool clamp (28; 32)
lies outside the lateral position of the unoccupied
area, performing step (f), if the defined lateral posi-
tion of the bonding tool clamp (28; 32) and the defined
area required by the bonding tool clamp (28; 32) lies
within the lateral position of the unoccupied area,

performing step (g).

10.A semiconductor component (1; 25; 31; 35) having a stan-

dard package outline and a standard pin arrangement com-

prising:

- a die pad (9) having an edge defining a first line (17)
and having a lateral dimensions;

- a plurality of leads (10) disposed on one side of the
die pad (9), each lead (10) having an inner portion and
an outer portion, wherein at least one drain lead (11)
extends from the die pad in a direction defining a sec-
ond line and the inner portion of each of the remaining
leads (12, 13) comprises an inner contact area (15)
which is spaced at a distance from the die pad (9),
each lead (10) extending in a direction parallel to the

second line;
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- a semiconductor device (2; 27) having lateral dimen-
sions which are equal to or less than the lateral di-
mensions of the die pad (9); and

- a plurality of electrically conductive connecting means
(19, 20),

wherein the standard package outline is a T0252 package

outline and the electrically conductive connecting means

(19, 20) comprise bond wires with a diameter of greater

than approximately 350 um.

Semiconductor component (1; 25; 31; 35) according to claim
10
characterised in that

the bond wires (19, 20) have a diameter of approximately

500 pm.

Semiconductor component (1; 25; 31; 35) according to claim
10 or claim 11

characterised in that

the semiconductor device (2; 27) is orientated with re-
spect to the first line (17) by an angle 0, where 0° < 0 <
90¢°.

Semiconductor component (1; 25; 31; 35) according to one
of claims 10 to 12

characterised in that

the semiconductor device (2; 27) is orientated with re-
spect to the first line (17) so that the central portion
(24) of the electrically conductive connecting means (19,
20) has an orientation with respect to the edge (16) of

the semiconductor device (2; 27) which is as close to 90°
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36

as possible and so that the semiconductor device (2; 27)

remains within the area of the die pad (9).

Semiconductor component (1; 25; 31; 35) according to one
of claims 10 to 13

characterised in that

the semiconductor device (2; 27) is a high power semicon-

ductor device.

Semiconductor component (1; 25; 31; 35) according to claim
14

characterised in that

the semiconductor device (2; 27) is a MOSFET, a IGBT, a
BJT or a diode.
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