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MOLDING SYSTEM FOR APPLYING A UNIFORM
CLAMPING PRESSURE ONTO A SUBSTRATE

Field of the Invention

The invention relates to a molding system and in particular, to a molding system for
encapsulating a semiconductor substrate.

Background

Transfer molding is one of the more commonly employed methods for encapsulating
semiconductor devices. In transfer molding, a molding compound in the form of a solid
pellet is introduced into a mold supply pot of a molding system. The solid pellet molding
compound is melted into a liquid state with the application of heat and pressure. The
liquefied molding compound is then forced by a plunger into a runner connecting the
mold supply pot to a molding cavity, in order to enter into the molding cavity via a gate.
Thus, the molding compound covers a surface of a semiconductor substrate clamped in
the molding cavity in order to encapsulate the semiconductor substrate.

The increasing demand for smaller semiconductor devices has led to a corresponding
shrinkage of molding cavity height. This means that a surface of the semiconductor
substrate is made increasingly closer to an opposing molding cavity surface, which then
causes greater resistance to the flow of the liquefied molding compound into the molding
cavity. As a result, there is a greater possibility that voids will arise in the resulting
encapsulated semiconductor substrate.

Furthermore, when the semiconductor substrate to be encapsulated is a whole wafer,
which is usually substantially larger than a lead frame, a wider molding cavity is required.
In such cases, it is more difficult for the liquefied molding compound to properly fill the
molding cavity. This is because the further the liquefied molding compound has to travel
away from the gate, the more difficult it is for the ejected liquefied molding compound to
properly fill the molding cavity.
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In addition, the liquefied molding compound may overflow the molding cavity when the
semiconductor substrate is improperly positioned, thus resulting in mold bleed.
Furthermore, mold bleed may also occur in situations where the substrate thickness is
uneven. In such situations, the surface of the semiconductor substrate would not be
substantially parallel to the opposing molding cavity surface due to the uneven thickness
of the semiconductor substrate. In other words, one portion of the molding cavity surface
would be substantially nearer the surface of the semiconductor substrate than another
portion of the molding cavity surface. As a result, the liquefied molding compound may
overflow from the portion of the molding cavity where the molding cavity surface is
substantially further away from the surface of the semiconductor substrate.

Summary of the Invention

It is thus an object of this invention to seek to provide a molding system for
encapsulating electronic devices mounted on a substrate, which overcomes at least
some of the aforementioned problems of the prior art.

According to a first aspect of the invention, there is provided a molding system for
encapsulating electronic devices mounted on a substrate, the molding system
comprising: a first mold chase with a first mold chase surface and a second mold chase
with a second mold chase surface opposite to the first mold chase surface, the first and
second mold chase surfaces being operative to clamp onto the substrate and to apply a
clamping pressure thereto; a first sensor located at a first position for determining a first
relative distance between the substrate and a mold chase facing the substrate at the first
position; a second sensor located at a second position for determining a second relative
distance between the substrate and a mold chase facing the substrate at the second
position; and a first actuator located adjacent to the first position and a second actuator
located adjacent to the second position, wherein the first and second actuators are
operative to adjust the first relative distance with respect to the second relative distance
for applying a uniform clamping pressure onto the substrate.

According to a second aspect of the invention, there is provided a method for
encapsulating electronic devices mounted on a substrate, the method comprising the
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steps of: clamping onto and applying a clamping pressure to the substrate with a first
mold chase surface of a first mold chase and a second mold chase surface of a second
mold chase that is opposite to the first mold chase surface; determining a first relative
distance between the substrate and a mold chase facing the substrate with a first sensor
located at a first position; determining a second relative distance between the substrate
and the mold chase facing the substrate with a second sensor located at a second
position; adjusting the first relative distance with respect to the second relative distance
with a first actuator located adjacent to the first position and a second actuator located
adjacent to the second position; and thereafter introducing liquefied molding compound
onto the substrate to encapsulate the electronic devices.

These and other features, aspects, and advantages will become better understood with

regard to the description section, appended claims, and accompanying drawings.

Brief Description of the Drawings

Embodiments of the present invention will now be described, by way of example only,
with reference to the accompanying drawings, in which:

FIG. 1 is a schematic sectional view of a molding system according to the preferred

embodiment of the invention;

FIGS. 2A-2C are schematic plan views of the molding cavity and a plurality of mold
supply pots, showing the progress of the flow of the liquefied molding compound during

encapsulation;

FIGS 3A-3C are schematic plan views of different possible arrangements of the molding
cavity and the plurality of mold supply pots;

FIGS. 4A-B show the molding system further comprising sensors and actuators for
adjusting the relative arrangement between the top mold chase and the bottom mold

chase;
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FIGS. 5A-B are side views of the molding system before and after the molding system

clamps onto a substrate having an uneven thickness; and

FIG. 6 shows a side view of an alternative arrangement of the sensors, where the

sensors are coupled to the top mold chase.

In the drawings, like parts are denoted by like reference numerals.

Detailed Description of the Preferred Embodiment of the Invention

FIG. 1 is a schematic sectional view of a molding system according to the preferred
embodiment of the invention. The molding system generally comprises first and second
mold chases, such as a top mold chase 35 and a bottom mold chase 36 that are
movable relative to each other. A substrate 12 including electronic devices mounted
thereon to be encapsulated by the molding system is positioned and clamped to a
molding cavity 16 for encapsulation, with the electronic devices mounted on the
substrate 12 generally being located inside the molding cavity 16. The top mold chase
35 has a top mold chase surface and the bottom mold chase 36 has a bottom mold
chase surface opposite to the top mold chase surface, the top and bottom mold chase
surfaces being operative to clamp onto the substrate 12 and to apply a clamping
pressure thereto. A length of film (not shown) is used to cover the molding surfaces of
the top mold chase 35 during encapsulation.

The top mold chase 35 comprises a movable surface in the form of a cavity plate 20 that
is adapted to be movable relative to the top mold chase surface. The cavity plate 20 is
situated above the film and is covered by the film. The cavity plate 20 is operative to
provide a compressive force on the molding compound encapsulating the substrate 12.
This is achieved by means of moving the cavity plate 20 between a first position where it
forms a first gap with the top surface of the substrate 12 and a second position where it
forms a second gap with the substrate 12, where the second gap is smaller than the first
gap. The movement of the cavity plate 20 from the first position to the second position
compresses molding compound introduced into the molding cavity 16, and shapes the
molding compound in the molding cavity 16 to produce an encapsulated semiconductor
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device. After encapsulation, the encapsulated semiconductor device is separated from
the molding cavity 16.

The molding compound is provided in the form of solid pellets to a first mold supply pot
26 and a second supply pot 28 located in the bottom mold chase 36. The mold supply
pots 26, 28 receive the solid pellets and supply the molding compound for filling the
molding cavity 16. A first plunger 22 located in the first mold supply pot 26 and a second
plunger 23 located in the second mold supply pot 28 are operative to crush and liquefy
the solid pellets, causing liquefied molding compound 40 located above the plungers 22,
23 to flow out and to be discharged from the respective mold supply pots 26, 28 through
runners 27 into the molding cavity 16. Each molding cavity 16 is connected to a plurality
of mold supply pots 26, 28, with a runner 27 connecting each mold supply pot 26, 28 to
the molding cavity 16.

The runners 27 fluidly connect the mold supply pots 26, 28 to the molding cavity 16. The
first mold supply pot 26 is located on a first side of the molding cavity 16 and the second
mold supply pot is located on an opposing second side of the molding cavity 16. One
advantage of having the molding cavity 16 situated between the two mold supply pots 26,
28 is that the molding compound from each of the mold supply pots 26, 28 need only
flow about half the width of the molding cavity 16 in order to fill the molding cavity 16.
Another advantage is that the flow of the molding compound into the molding cavity 16
would be more uniform. Hence, the molding system of the present invention is especially
useful when employed in large format packaging processes where the molding
compound needs to cover a large surface area, such as the whole surface of a wafer, in
order to fill the molding cavity 16.

When filling the molding cavity 16 with molding compound, the movable cavity plate 20
may push downwards and compress the molding compound to reduce the gap from the
first gap to the second gap. By compressing the molding compound, the cavity plate 20
may push some of the molding compound out of the molding cavity 16 back into the
mold supply pots 26, 28. As a result, a thin layer of the molding compound of a thickness
corresponding to the second gap may be effectively formed on the top surface of the
substrate 12 by means of transfer molding using traditional solid pellets of molding

compound.
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FIGS. 2A-2C are schematic plan views of the molding cavity 16 and a plurality of mold
supply pots 25, showing the progress of the flow of the liquefied molding compound
during encapsulation. FIG. 2A shows the arrangement of the circular molding cavity 16
relative to the six mold supply pots 25. Although the molding cavity 16 is circular, for
ease of description, it is assumed that the molding cavity 16 conceptually comprises four
sides corresponding to the front side, rear side, left side, and right side of the molding
system. The six mold supply pots 25 are located on any two opposing sides of the
molding cavity 16, with three mold supply pots 25 lined up in a row on one side of the
molding cavity 16, and another three mold supply pots 25 lined up in another row located
on an opposing side of the molding cavity 16. The molding cavity 16 is situated between
the two rows of mold supply pots 25. The runners 27 are distributed symmetrically on
opposite sides of the molding cavity 16 along a circumference of the molding cavity 16.

FIG. 2B illustrates how liquefied molding compound 40 flows from the plurality of mold
supply pots 25 into the molding cavity 16 during encapsulation. The liquefied molding
compound 40 flows at a similar rate from each of the plurality of mold supply pots 25,
and hence the liquefied molding compound 40 is shown to have travelled a similar
distance from each of the mold supply pots 25. In FIG. 2C, the liquefied molding
compound 40 has covered the whole molding cavity 16. It should be appreciated that the
molding system of the present invention effectively halves the distance travelled by the
liquefied molding compound 40, as compared to a traditional molding system comprising
a single mold supply pot located on one side of the molding cavity 16. The shorter flow
path of the liquefied molding compound 40 of the molding system of the present
invention allows the liquefied molding compound 40 to more effectively and efficiently fill
the molding cavity 16, thus resulting in better quality encapsulation for substrates 12.
Hence, the molding system of the present invention is able to address common
problems related to uneven molding compound flow, such as cosmetic blemish, flow
marks, and filler layering.

FIGS. 3A-3C are schematic plan views of different possible arrangements of the molding
cavity 16 and the plurality of mold supply pots 25, wherein each of the plurality of mold
supply pots 25 is spaced at an equal distance from the molding cavity 16 such that each
runner 27 has substantially the same length. FIG. 3A shows the molding cavity 16
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having a quadrangular shape situated between two rows of mold supply pots 25, each
row being on an opposing side of the molding cavity 16. Similarly, FIG. 3B shows the
quadrangular shaped molding cavity 16, but in this arrangement, there are four rows of
mold supply pots 25 surrounding the molding cavity 16 instead. Each row of mold supply
pots 25 is spaced at an equal distance from a respective side of the quadrangular
molding cavity 16. In FIG. 3C, the plurality of mold supply pots 25 surround the circular
molding cavity 16, each mold supply pot 25 being spaced at an equal distance from the

molding cavity 16.

FIGS. 4A-B show the molding system further comprising sensors 44 and actuators 46 for
adjusting the relative arrangement between the top mold chase 35 and the bottom mold
chase 36. FIG. 4A is a side view and FIG. 4B is a plan view of the molding system
comprising the sensors 44 and the actuators 46. Although in this instance, the substrate
12 is shown to be held against the top mold chase 35 in a die-down configuration where
the electronic devices are facing downwards, it should be appreciated that the molding
system may also be configured to hold the substrate 12 onto the bottom mold chase 36

in a die-up configuration where the electronic devices are facing upwards.

The bottom mold chase 36 is mounted onto a clamping plate 50. A clamping member
such as a clamping ring 54 is resiliently mounted adjacent to the top of bottom mold
chase surface, and the clamping ring 54 is supported by resilient members, such as
springs 52. Thus, the clamping ring 54 may be resiliently mounted to the peripheral
edges of the clamping plate 50, adjacent to and surrounding the bottom mold chase 36.
Although it is called a ring, it should be appreciated that the clamping ring 54 is not
restricted to a circular shape, and it may be in other shapes such as a quadrangular
shape. In fact, the clamping ring 54 is preferably designed to be of the same shape as
the molding cavity 16 and/or the substrate 12 to be encapsulated. In this case, the
molding cavity 16 is in a quadrangular shape, and so the clamping ring 54 is also in a
quadrangular shape. The bottom mold chase 36 moves towards the top mold chase 35
until the clamping ring 54 clamps at least partially onto the substrate 12 and the molding
cavity 16 is formed. The clamping ring 54 is further adapted to be forcibly movable upon
contact with the substrate 12 relative to the top and bottom mold chase surfaces.
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Each sensor 44 is located at a different position for determining relative distances
between the substrate 12 and a mold chase 35, 36 facing the substrate 12 at different
positions. Specifically, a respective position on the clamping ring 54 corresponding to a
position on the substrate 12 is detected by each sensor 44.

In FIG. 4B, the bottom mold chase 36 and the clamping plate 50 of the bottom mold
chase 36 are both quadrangular in shape. The sensors 44 are mounted at four corners
of the clamping plate 50 adjacent to corresponding corners of the bottom mold chase
surface. The sensors 44 are operative to detect a distance of the clamping ring 54
relative to the clamping plate 50 of the bottom mold chase 36. Hence, when the
clamping ring 54 clamps onto the substrate 12, the springs 52 would be compressed and
the clamping ring 54 would move nearer to the clamping plate 50 when the clamping
plate 50 further moves towards the substrate 12 to compress the molding cavity 16.
Each sensor 44 detects such relative distance between the clamping ring 54 and the
sensor 44 mounted on the clamping plate 50. The actuators 46 are coupled to the
clamping plate 50 and are located adjacent to the positions of the respective sensors 44.
They are also near to the four corners of the clamping plate 50. Each actuator 46 is
operative to move a portion of the bottom mold chase 36, such as the respective corner
of the clamping plate 50, up or down towards or away from a corresponding portion of
the top mold chase 35 to adjust the relative distances between the sensors 44 and
clamping ring 54 at each position of the sensors 44, for applying a uniform clamping
pressure onto the substrate 12. In particular, the clamping pressure would be more
uniform when the relative distances are adjusted to be substantially the same.

FIGS. 5A-B are side views of the molding system before and after the molding system
clamps onto a substrate 12 having an uneven thickness. For illustration purposes, the
unevenness in the substrate 12 has been exaggerated. In FIG. 5A, the substrate 12 with
the uneven thickness is held onto the top mold chase 35. During encapsulation, the
clamping plate 50 and the bottom mold chase 36 move relative to the top mold chase 35
until the clamping ring 54 clamps onto the substrate 12. Since the substrate 12 is thicker
at a right end 12b than at a left end 12a thereof, a spring 52b supporting a right end 54b
of the clamping ring 54 would be compressed more than a spring 52a supporting the left
end 54a of the clamping ring 54. The amount of compression of each of the springs 52a,
52b is detected by a respective sensor 44a, 44b.
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The molding system receives feedback from the sensors 44a, 44b and activates a left
actuator 46a and a right actuator 46b to adjust the relative arrangement of the mold
chases 35, 36 such that the surface of the substrate 12 to be molded is substantially
parallel to the surface of the molding cavity 16 opposite the surface of the substrate 12.
Therefore, each actuator 46 adjusts a respective relative distance to tilt the top or bottom
mold chase surface relative to the substrate 12 so that the relative distances are
substantially the same and the surface of the substrate 12 is parallel to the mold chase
surface that is facing it. This helps to ensure that a gap between the surface of the
substrate 12 and the surface of molding cavity 16 clamping onto the surface of the
substrate 12 is within a predetermined range. In the scenario illustrated in FIG. 5B, the
left actuator 46a pushes a left end 50a of the clamping plate 50 upwards while the right
actuator 46b may correspondingly pull a right end 50b of the clamping plate 50
downwards. The actuators 46a, 46b adjust the alignment of the clamping plate 50 until
the springs 52a, 52b are compressed by substantially the same distance, as illustrated in
FIG. 5B. Thus, the molding system may compensate for any unevenness on the surface
of the substrate 12 and/or any differences in thickness across the whole substrate 12, so
as to contribute to a uniform clamping force throughout the whole of the substrate 12.

Thereafter, molding compound is introduced into the molding cavity 16 as has been
described above in relation to FIG. 1. As the molding compound fills the molding cavity
16, the molding compound flowing into the molding cavity 16 exerts pressure onto the
mold chases 35, 36. The pressure exerted by the molding compound may cause the gap
between the top surface of the bottom mold chase 36 and the surface of the substrate
12 to widen and/or the relative arrangement of the mold chases 35, 36 to change. Any
changes in the size of the gap and/or the relative arrangement of the mold chases 35, 36,
are detected by the sensors 44 and compensated for by the actuators 46 adjusting the
alignment of the clamping plate 50 accordingly. The sensors 44 and the actuators 46
perform the monitoring and compensation continuously as the encapsulation process is
being conducted until the molding compound has solidified and has been cured.
Thereafter, the encapsulated semiconductor device is separated from the molding cavity
16.
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FIG. 6 shows a side view of an alternative arrangement of the sensors 44, where the
sensors 44 are mounted to the top mold chase 35. The clamping plate 50 is also
coupled to the top mold chase 35. The sensors 44 are mounted onto the clamping plate
50, and the clamping ring 54 is resiliently mounted to the clamping plate 50 via the
springs 52. The substrate 12 is held onto the bottom mold chase 36 in a die-up
configuration. In this configuration, the actuators 46 are coupled to the bottom mold
chase 36.

Although the present invention has been described in considerable detail with reference
to certain embodiments, other embodiments are possible.

For example, instead of the four sensors 44 and actuators 46, the molding system may
comprise any other number of sensors 44 and actuators 46 to achieve different degrees
of control. The sensors 44 may also be any appropriate type of sensor for determining a
gap, such as an optical beam sensor or proximity sensor.

The sensors 44 and the actuators 46 may be mounted in any other configuration, for
example the actuators 46 may be mounted onto the top mold chase 35 even when the
sensors 44 are located on the clamping plate 50 coupled to the bottom mold chase 36.

In addition, instead of the molding cavity 16 being circular or comprising four sides, the
molding cavity 16 may be of any other shapes or comprise any other number of sides.

Furthermore, instead of solid pellets, the molding system of the present invention may
also be configured to accept liquid molding compound.

Therefore, the spirit and scope of the appended claims should not be limited to the
description of the embodiments contained herein.
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Claims:

1. A molding system for encapsulating electronic devices mounted on a substrate,
the molding system comprising:

a first mold chase with a first mold chase surface and a second mold chase with
a second mold chase surface opposite to the first mold chase surface, the first and
second mold chase surfaces being operative to clamp onto the substrate and to apply a
clamping pressure thereto;

a first sensor located at a first position for determining a first relative distance
between the substrate and a mold chase facing the substrate at the first position;

a second sensor located at a second position for determining a second relative
distance between the substrate and a mold chase facing the substrate at the second
position; and

a first actuator located adjacent to the first position and a second actuator located
adjacent to the second position, wherein the first and second actuators are operative to
adjust the first relative distance with respect to the second relative distance for applying
a uniform clamping pressure onto the substrate.

2. The molding system as claimed in claim 1, further comprising a clamping
member which is resiliently mounted adjacent to the first or second mold chase surface,
the clamping member being arranged and configured to clamp at least partially onto the
substrate when the first and second mold chase surfaces clamp onto the substrate, the
clamping member being adapted to be forcibly movable upon contact with the substrate
relative to the first and second mold chase surfaces.

3. The molding system as claimed in claim 2, wherein each of the sensors is
operative to detect a distance between a respective position on the clamping member
and the sensor.

4. The molding system as claimed in claim 1, wherein the first and second mold
chases are quadrangular in shape and the molding system comprises a total of four
sensors, each sensor being located adjacent to a corner of a mold chase surface.
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5. The molding system as claimed in claim 4, wherein the molding system further
comprises a total of four actuators, each actuator being located adjacent to a respective
sensor.

6. The molding system as claimed in claim 1, wherein the first and second sensors
are resiliently mounted onto a clamping plate that is configured to be movable towards
the substrate to compress a molding cavity when the first and second mold chase
surfaces clamp onto the substrate.

7. The molding system as claimed in claim 6, wherein the first and second actuators
are coupled to the clamping plate.

8. The molding system as claimed in claim 6, wherein the clamping plate is coupled
to the first mold chase, and the first and second actuators are coupled to the second
mold chase.

9. The molding system as claimed in claim 1, wherein each actuator is operative to
move a portion of one mold chase towards or away from a corresponding portion of the
other mold chase.

10.  The molding system as claimed in claim 1, wherein each actuator is operative to
adjust the first or second relative distance to tilt the first or second mold chase surface
relative to the substrate so that the first and second relative distances are the same, and
the surface of the substrate is parallel to a mold chase surface that is facing it.

11. The molding system as claimed in claim 1, further comprising one or more
molding cavities in the first and/or second mold chase, and a plurality of runners
connecting the or each molding cavity to a plurality of mold supply pots.

12. The molding system as claimed in claim 11, wherein each molding cavity is
situated between at least two mold supply pots and a separate runner connects each
mold supply pot to the molding cavity.

13. The molding system as claimed in claim 11, wherein each of the plurality of
runners has substantially the same length.
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14.  The molding system as claimed in claim 11, wherein the or each molding cavity
is circular in shape and the plurality of runners is distributed symmetrically on opposite
sides of the molding cavity along a circumference thereof.

15. A method for encapsulating electronic devices mounted on a substrate, the
method comprising the steps of:

clamping onto and applying a clamping pressure to the substrate with a first mold
chase surface of a first mold chase and a second mold chase surface of a second mold
chase that is opposite to the first mold chase surface;

determining a first relative distance between the substrate and a mold chase
facing the substrate with a first sensor located at a first position;

determining a second relative distance between the substrate and the mold
chase facing the substrate with a second sensor located at a second position;

adjusting the first relative distance with respect to the second relative distance
with a first actuator located adjacent to the first position and a second actuator located
adjacent to the second position; and thereafter

introducing liquefied molding compound onto the substrate to encapsulate the
electronic devices.

16. The method for encapsulating electronic devices as claimed in claim 16, further
comprising the steps of, after introducing liquefied molding compound onto the substrate:

determining the first relative distance between the substrate and a mold chase
facing the substrate with the first sensor;

determining the second relative distance between the substrate and the mold
chase facing the substrate with the second sensor;

adjusting the first relative distance with respect to the second relative distance
with the first and second actuators; and

allowing the liquefied molding compound to cure.



