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a semiconductor die comprising lower and upper
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pad is electrically and mechanically connected to
the lower electrical contact of the die. An upper
conductive member has a first portion electrically
and mechanically connected to the upper electrical
contact of the die. A lead terminal has a surface
portion electrically and mechanically connected to
a second portion of the conductive member. The
surface portion of the lead terminal and/or the
second portion of the conductive member has a
series of grooves disposed therein. Packaging ma-
terial encapsulates the semiconductor die, at least a
portion of the lead frame, at least a portion of the
upper conducive member and at least a portion of
the lead terminal.
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Lead Frame With Conductive Clip for Mounting a Semiconductor Die with
Reduced Clip Shifting

Background

Rapid growth in the electrical industry has produced a need for electrical devices
that are smaller in size but that operate in high-power architectures to support multiple
features/functions. A high-power device generally supports high current and produces
very high-power, which requires the device to have efficient heat dissipation capabilities.
Typical two-terminal surface-mount discrete power semiconductor devices consist of a
lead frame on which the cathode/bottom side of a semiconductor die or chip is mounted,
and a clip that connects to the anode/top side of a semiconductor die. Manufacturers have
started using conductive clips for high-power devices instead of gold wire or aluminum
wire to connect the thin layer of metal on the top of die to the leads of the lead frame.

The clip attaching process for attaching the conductive clips to components of the
device typically include cutting the clip from a clip reel, picking up the clip from the clip
reel, and attaching the clip to the die surface. Use of conducting clips however introduces
issues like clip movement that have increased the difficulty and cost of manufacturing the

semiconductor package and reduced the units per hour ("UPH") rate in assembly.

Summary

In accordance with one aspect of the subject matter disclosed herein, a
semiconductor assembly includes a semiconductor die comprising lower and upper
electrical contacts. A lead frame having a lower die pad is electrically and mechanically
connected to the lower electrical contact of the die. An upper conductive member has a
first portion electrically and mechanically connected to the upper electrical contact of the
die. A lead terminal has a surface portion electrically and mechanically connected to a
second portion of the conductive member. The surface portion of the lead terminal and/or
the second portion of the conductive member has a series of grooves disposed therein.

Packaging material encapsulates the semiconductor die, at least a portion of the lead
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frame, at least a portion of the upper conducive member and at least a portion of the lead
terminal.

In accordance with another aspect of the subject matter disclosed herein, a method
of forming a semiconductor assembly is provided. In accordance with the method, a
conductive adhesive is applied to a die pad of a lead frame. A semiconductor die is
positioned on the die pad so that a lower electrode of the semiconductor die is in contact
with the conductive adhesive. Conductive adhesive is applied to an upper electrode of the
semiconductor die. A pattern of grooves is formed in a surface portion of a lead terminal.
Conductive adhesive is applied to the surface portion of the lead terminal in which the
grooves are formed. A conductive member is positioned so that a proximal portion
thereof is in contact with the conductive adhesive on the upper electrode of the
semiconductor die and a distal portion thereof is in contact with the conductive adhesive
on the surface portion of the lead terminal in which the grooves are formed. Heat is
applied to cause the conductive adhesive on the upper electrode of the semiconductor die,
the surface portion of the lead terminal and the die pad to reflow. The semiconductor
chip, at least a portion of the lead frame, at least a portion of the upper conducive

member and at least a portion of the lead terminal is encapsulated in packaging material.

Brief Description of the Drawings

FIG. 1 is a cross-sectional view of one example of a semiconductor chip package.

FIG. 2a shows a plan view of the chip subassembly before the conductive member
is put in place and FIG. 2b shows the chip subassembly after the conductive member has
been put in place and the solder has undergone reflow.

FIG. 3 shows a plan view of the chip subassembly before the conductive member
is put in place and in which a series of parallel grooves are formed in the surface of the
lead terminal to enhance bonding strength and reduce clip shifting after solder reflow.

FIG. 4 shows a plan view of another chip subassembly before the conductive
member is put in place and in which a grid pattern of grooves formed in the surface of the

lead terminal to enhance bonding strength and reduce clip shifting after solder reflow.
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Fig. 5 is a flowchart showing one example of a method for forming a

semiconductor package assembly having a clip for providing an electrical connection.

Detailed Description

A semiconductor package assembly is provided that includes a semiconductor die
and a conductive clip and provides an assembly suitable for high-power applications.
Clip bonding is used in a number of semiconductor package assemblies, including, for
example, surface mount packages, power packages and bridge rectifier packages. In one
embodiment, the assembly process generally includes forming a first joint between a die
pad on which the semiconductor die is mounted and forming a second joint between the
semiconductor die and a conductive member of the clip. A third joint is formed between
the conductive member and a lead terminal, which collectively form the clip. The surface
of the conductive member and/or the surface of the lead terminal that form the third joint
have grooves formed therein enhance the strength of the joint and reduce clip movement
during the subsequent solder reflow process.

The following description provides specific details for a thorough understanding
of embodiments of a semiconductor assembly semiconductor assembly formation
process. However, one skilled in the art will understand that the assembly and process
described herein may be practiced without these details. In other instances, well-known
structures and functions have not been shown or described in detail to avoid
unnecessarily obscuring the description of the embodiments described herein.

One example of a semiconductor chip package 100 is schematically shown in the
cross-sectional view of FIG. 1. As shown, a die or chip 110 is located on a die pad 115 of
a lead frame 120. By way of example the die 110 may be a two terminal device such as a
diode, a transient voltage suppressor or an LED. The die 110 is soldered to the surface of
the die pad 115 using solder 140 so as to establish electrical contact between the die pad
115 and an electrode on a lower surface of the die 110. Likewise, the die 110 is soldered
to the surface of an end of a conductive member 125 proximal to the die 110 using solder
145. The solder 145 establishes electrical contact between the conductive member 125

and an electrode on the upper surface of the die 110. The electrodes of the die 110 are
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formed from exposed regions of metal or other electrically conductive material that are in
electrical contact with corresponding semiconductor device structures within the die 110.

The die pad 115 and conductive member 125 may be formed from any suitable
electrically conductive material such as copper (Cu), aluminum (Al), nickel, titanium
(T1), or alloys based on these metals.

An end of the conductive member 125 distal to the die 110 has a contact surface
130 that is in electrical contact with an upper surface 155 of a lead terminal 135. Solder
150 is used to establish contact between contact surface 130 and the upper surface 155 of
the lead terminal 135. The conductive member 125 and the lead terminal 135 form a
conductive clip.

A packaging enclosure 170 is formed around the components of the
semiconductor device. In particular, the die 110, die pad 115, conductive member 125,
solder 140, 145 and 150 and portions of the lead frame 120 and lead terminal 135 are
encapsulated or encased in an epoxy or other suitable compound as appropriate to the
device.

During the package assembly process, the clip is formed by placing solder on both
the upper surface of the die 110 and the upper surface of the lead terminal 135. The
conductive member 115 is placed over the solder and acts like a bridge between the die
110 and lead terminal 135. After being properly positioned, the assembly is heated in a
furnace to cause the solder to reflow, which secures the conductive member 125 in place
after cooling.

One problem that sometimes arises during the assembly process is that the
position of the conductive member 125 shifts after reflow from the designated position in
which it is placed. This problem is illustrated with reference to FIGs. 2a and 2b. FIG. 2a
shows a plan view of the chip subassembly before the conductive member is put in place.
As shown, solder paste 180 has been applied to both the upper surface of the die 110 and
the upper surface of the lead terminal 135. FIG. 2b shows the chip subassembly after the
conductive member 125 has been put in place and the solder has undergone reflow. In
this case the conductive member 125 has shifted in the x-direction (i.e., the direction
along the line connecting points A and B shown in FIG. 1) by a distance d from its

position before reflow.
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Clip shifting as described above can cause a variety of quality problems which
may result in a deterioration in device performance, including possibly device failure. For
example, problems such as device shorting or high current leakage may arise.

Without being bound to theory, clip shifting is likely caused by an imbalance in
joint strength between the joints that are formed at points A and B in FIG. 1. In particular,
the proximal joint at point A is formed by the conductive member 125, the solder 145 and
the die 110 and, assuming the conductive member 125 is formed from copper, is
composed of a copper layer, a solder layer and the chip metal (e.g., Au). On the other
hand, the distal joint at point B is formed by the conductive member 125, solder and the
lead terminal 135 and, assuming the lead terminal 135 is also formed from copper, is
composed of a copper layer, a solder layer and a copper layer. The different materials of
which the two joints are formed lead to different joint strengths.

In conventional chip assembly processes, clip shifting is sometimes controlled by
adjusting the processing conditions. For example, the volume of the solder paste that is
used and the soldering reflow temperature profile are adjusted so that chip shifting is
reduced. Among other problems, however, these techniques may be subject to
inconsistencies over time that lead to structural differences from package to package.

Instead of adjusting the processing conditions, the process described herein
employs grooves that are formed in the surface of the conductive member 125 and/or the
lead terminal 135 where the distal joint is formed. The grooves may have any of a variety
of different profiles and may be, for instance, V-shaped or U-shaped. Additionally, the
grooves may be patterned in different ways and may form, by way of example, a pattern
of parallel lines, a grid of horizontal and vertical lines, a rhomboid pattern containing
parallel lines, irregular or nonperiodic patterns, and so on. Such grooves can effectively
control the shift of the clip frame so that the conductive member 125 remains in the
position in which it is placed.

Similar to FIG. 2a, FIG. 3 shows a plan view of the chip subassembly before the
conductive member is put in place. In this case, grooves 165, which define a pattern of
parallel lines, are formed in the surface of the lead terminal 135 which forms the distal
joint B. FIG. 4 shows another plan view of the chip subassembly before the conductive

member is put in place where the grooves 165 define a grid pattern.
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The reduction in clip shifting that can be achieved using grooves as described
above has been demonstrated in various package assembly applications. For example, in
one process in which a number of semiconductor chip packages were formed, the shift in
the conductive member that occurred between the time it was placed on the die and the
time after reflow without the use of a grooved surface was found to range between about
2.52 mil and 7.81 mil. However, when a pattern of parallel grooves were formed in the
surface of the conductive member, the shift was reduced to between about -1.19 mil and
421 mil. Likewise, when a grid pattern of grooves was employed, the shift was reduced
to between about -1.41 mil and 3.30 mil.

Fig. 5 is a flowchart showing one example of a method for forming a
semiconductor package assembly having a clip for providing an electrical connection.
The assembly process includes forming the lead frame and forming the clip structure,
which includes forming grooves in the surface of the lead terminal that is to be
electrically and mechanically connected to a conductive member, which is in turn
electrically and mechanically connected to an electrode on a semiconductor die.

At block 405 solder is applied to one or more portions of the die pad 115 of the
lead frame 120. A first surface of a semiconductor die 110 is mounted on the solder
surface at block 410. The first surface may be a bottom surface of the die, but is not so
limited in other embodiments. The bottom surface may be either of an anode or cathode
of the die as appropriate to the device. Next at block 415 solder is applied to a second
surface of the die 110. The second surface may be a top surface of the die, but is not so
limited in other embodiments. The top surface may be either of an anode or cathode of
the die as appropriate to the device. In addition, at block 420 solder is applied to the
grooved top surface of the lead terminal 135. The conductive member 125 is mounted on
the solder surfaces on the die 110 and the lead terminal 135. The conductive member 125
may be properly positioned or aligned on the die and the lead terminal using any suitable
means. The resulting assembly is heated to cause the solder to undergo reflow at block
425. While the semiconductor assembly process described above uses solder to join the
die to the other components of the device, alternative embodiments may use other
conductive adhesive compounds to join the die to the other components of the device as

appropriate to the device.
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Finally, at block 430 a packaging enclosure is formed around the components of
the semiconductor device. Forming the enclosure includes encapsulating or encasing the
conductive die 110, the die pad 115, the conductive member 125 and the portion of the
lead terminal 135 that includes distal joint B in an epoxy or other suitable compound as
appropriate to the device and using processes as appropriate to the device.

It will be understood that spatially relative terms, such as "above," "upper,"
"beneath," "below," "lower," and the like, may be used herein for ease of description to
describe one element or feature's relationship to another element(s) or feature(s) as
illustrated in the figures. It will be understood that the spatially relative terms are
intended to encompass different orientations of the device in use or operation in addition
to the orientation depicted in the figures. For example, if the device in the figures is
turned over, elements described as "below" or "beneath" other elements or features would

then be oriented "above" the other elements or features. Thus, the exemplary term

"above" may encompass both an above and below orientation.
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Claims

1. An semiconductor assembly comprising:

a semiconductor die comprising lower and upper electrical contacts;

a lead frame having a lower die pad electrically and mechanically connected to
the lower electrical contact of the die;

an upper conductive member having a first portion electrically and mechanically
connected to the upper electrical contact of the die;

a lead terminal having a surface portion electrically and mechanically connected
to a second portion of the conductive member, the surface portion of the lead terminal
and/or the second portion of the conductive member having a series of grooves disposed
therein; and

packaging material encapsulating the semiconductor die, at least a portion of the
lead frame, at least a portion of the upper conducive member and at least a portion of the

lead terminal.

2. The semiconductor assembly of claim 1 wherein the series of grooves is disposed

in the surface portion of the lead terminal.

3. The semiconductor assembly of claim 1 wherein the series of grooves is disposed

in the second portion of the conductive member.

4. The semiconductor assembly of claim 1 wherein the grooves have a V-shaped
profile.
5. The semiconductor assembly of claim 1 wherein the series of grooves define a

pattern of parallel lines.

6. The semiconductor assembly of claim 1 wherein the series of grooves define a

grid pattern.
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7. The semiconductor assembly of claim 1 further comprising a first conductive
adhesive compound electrically and mechanically connecting the surface portion of the

lead terminal to the second portion of the conductive member.
8. The semiconductor assembly of claim 7 further comprising a second conductive
adhesive compound electrically and mechanically connecting the first portion of the

conductive member having to the upper electrical contact of the die.

9. The semiconductor assembly of claim 8 wherein the first and second conductive

adhesive compounds include solder.

10. The semiconductor assembly of claim 1 wherein the semiconductor die is a diode.

11. The semiconductor assembly of claim 1 wherein the semiconductor dieis a

transient voltage suppressor.

12. The semiconductor assembly of claim 1 wherein the semiconductor die is an
LED.
13. A method of forming a semiconductor assembly, comprising:

applying solder to a die pad of a lead frame;

positioning a semiconductor die on the die pad so that a lower electrode of the
semiconductor die is in contact with the solder;

applying solder to an upper electrode of the semiconductor die;

forming a pattern of grooves in a surface portion of a lead terminal,

applying solder to the surface portion of the lead terminal in which the grooves
are formed;

positioning a conductive member so that a proximal portion thereof is in contact
with the solder on the upper electrode of the semiconductor die and a distal portion
thereof is in contact with the solder on the surface portion of the lead terminal in which

the grooves are formed,
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applying heat to cause the solder on the upper electrode of the semiconductor die,
the surface portion of the lead terminal and the die pad to reflow; and

encapsulating the semiconductor chip, at least a portion of the lead frame, at least
a portion of the upper conducive member and at least a portion of the lead terminal in

packaging material.

14. The method of claim 13 wherein the series of grooves is formed in the surface

portion of the lead terminal.

15. The method of claim 13 wherein the series of grooves is formed in the second

portion of the conductive member.

16. The method of claim 13 wherein the grooves have a V-shaped profile.

17. The method of claim 13 wherein the series of grooves define a pattern of parallel
lines.

18. The method of claim 13 wherein the series of grooves define a grid pattern.

19. A method of forming a semiconductor assembly, comprising:

applying a conductive adhesive to a die pad of a lead frame;

positioning a semiconductor die on the die pad so that a lower electrode of the
semiconductor die is in contact with the conductive adhesive;

applying conductive adhesive to an upper electrode of the semiconductor die;

forming a pattern of grooves in a surface portion of a lead terminal,

applying conductive adhesive to the surface portion of the lead terminal in which
the grooves are formed,

positioning a conductive member so that a proximal portion thereof is in contact
with the conductive adhesive on the upper electrode of the semiconductor die and a distal
portion thereof is in contact with the conductive adhesive on the surface portion of the

lead terminal in which the grooves are formed;
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applying heat to cause the conductive adhesive on the upper electrode of the
semiconductor die, the surface portion of the lead terminal and the die pad to reflow; and

encapsulating the semiconductor chip, at least a portion of the lead frame, at least
a portion of the upper conducive member and at least a portion of the lead terminal in

packaging material.

20. The method of claim 19 wherein the pattern of grooves includes a series of

parallel grooves.

21. The method of claim 19 wherein the pattern of grooves includes a grid pattern.
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