
OPTICAL DEVICE MOLDING SYSTEM Field of the Invention 5 The present
invention relates to a molding system for electronic devices, and in
particular to a molding system suitable for molding electronic
devices including optical elements. 10 Background and Prior Art For
electronic devices with optical elements, such as light-emitting
diode ("LED") devices, the optical element is typically molded with a
layer of transparent or translucent molding compound. In prior art
molding systems for such electronic 15 devices, the said molding
compound is usually molded by either dispensing the molding compound
into molding cavities directly, or by injection molding. However, it
has been found that both these approaches offer unsatisfactory yield
and productivity, and the precision of the processes has been
lacking. Material waste is sometimes also substantial. 20 More
recently, compression molding has provided a viable solution for
panel type packages, but compression molding requires flow paths to
link all the single units, which may cause contamination on the
substrate's electrical contacts. It would be desirable to harness the
positive aspects of transfer molding in order to avoid 25 some of the
disadvantages faced when dispensing molding compound for molding.
Summary of the Invention 



- 2 - overcoming some of the disadvantages found in the aforesaid
prior art molding systems. According to a first aspect of the
invention, there is provided a molding system 5 for a substrate
having a plurality of protrusion members on its surface, the molding
system comprising: first and second molds cooperating to apply a
clamping force onto the substrate for molding; a middle plate located
between the first and second molds such that the substrate is clamped
between the middle plate and the first mold during molding; a
plurality of molding cavities 10 located on the second mold; and
through-holes formed in the middle plate corresponding to positions
of the molding cavities, each through-hole being sized and configured
for inserting a protrusion member of the substrate to enable each
protrusion member to be in communication with a molding cavity of the
second mold; wherein molding compound is molded onto the protrusion
members by the 15 molding cavities during molding. According to a
second aspect of the invention, there is provided a method of molding
a substrate having a plurality of protrusion members on its surface,
comprising the steps of: providing first and second molds and a
middle plate 20 located between the first and second molds; locating
the substrate between the middle plate and the first mold while
inserting the protrusion member into through-holes formed in the
middle plate to enable the protrusion members to be in communication
with molding cavities formed in the second mold; applying a clamping
force onto the substrate; and then forming molding compound onto the
25 protrusion members during molding. 



It will be convenient to hereinafter describe the invention in
greater detail by reference to the accompanying drawings. The
particularity of the drawings and the related description is not to
be understood as superseding the generality of 30 the broad
identification of the invention as defined by the claims.  - 3 -
Brief Description of the Drawings   An example of a molding system
according to the preferred embodiment of the invention will now be
described with reference to the accompanying drawings, in 5 which:
FIG. 1 is a side view of an encapsulated LED device;      FIG. 2 is a
plan view of a plurality of LED devices mounted on a lead frame
10substrate; FIG. 3 is a schematic sectional view of a
transfer-molding system according to the preferred embodiment of the
invention for encapsulating LED devices; 15 FIG. 4 is a plan view of
a bottom mold of the molding system of FIG. 3; 



FIG. 5 is a cross-sectional view illustrating spring forces exerted
on a pre-molded cap carrying an LED chip to be encapsulated; and 20
FIG. 6 shows the molded LED device which is lifted together with a
middle plate of the molding system after encapsulation. Detailed
Description of the Preferred Embodiment of the Invention 25 FIG. 1 is
a side view of an encapsulated LED device 10. The LED device 10
comprises a substrate 12 supporting the device, a protrusion member
such as a pre-molded cap 14 on the surface of the substrate on which
an LED chip (not shown) is mounted, and a dome-shaped lens 16 formed
from a transparent material such as silicone molded on top of the
pre-molded cap 14 to encapsulate 30 the LED chip.  - 4 - FIG. 2 is a
plan view of a plurality of LED devices 10 mounted on a lead frame
substrate 12. The plurality of LED devices 10 are arranged in two
rows. Each LED device 10, comprising the pre-molded cap 14 and
dome-shaped lens 16, is connected to the rest of the lead frame
substrate 12 by tie bars 18. To remove 5 each LED device 10, the LED
device 10 is cut from the tie bars 18. FIG. 3 is a schematic
sectional view of a transfer-molding system 20 according to the
preferred embodiment of the invention for encapsulating LED devices
10. The molding system 20 includes a first or top mold 22 and a
second or bottom 



10 mold 24. The top mold 22 may be configured to be movable relative
to the bottom mold 24 to apply a clamping force onto the substrate 12
for molding. A middle plate 26 is located between the top mold 22 and
the bottom mold 24 such that the substrate 12 is clamped between the
middle plate 26 and the top mold 22 during molding. The middle plate
26 comprises a number of through-holes 25, 15 each of which is sized
and configured to fittingly insert a pre-molded cap 14 of the LED
device 10 into the through-hole. This feature helps to prevent
molding compound from entering the sides of the pre-molded cap 14.
The top mold 22 further supports a track plate 28, which extends from
the top 20 mold 22 by means of a support rod 30, for gripping a side
of the substrate 12. The track plate 28 is operative to move the
substrate 12 vertically up or down between the top mold 22 and the
middle plate 26. Only one side of the track plate 28 is shown, but
there should be a similar track plate at the opposite end of the
substrate 12 so that both sides of the substrate 12 are held
simultaneously. 25 An actuation force 32 may be provided by a motor
above the top mold 22 for lifting and lowering the track plate 28.
The track plate 28 holds the substrate 12 while the middle plate 26
covers substantially the whole substrate 12 with only the pre-molded
caps 14 being exposed.  -5- 14  are inserted on their top sides into
the blind holes 35. Each supporter 34 is spring-loaded by resilient
means, such as a spring 36. The supporter 34 applies a compression
force on the pre-molded cap 14 to press the pre-molded cap 14 tightly
onto the middle plate 26 in a direction towards the cavity 38 when
molding 5 compound is being molded onto the pre-molded cap 14. It
prevents leakage of the molding compound. The bottom mold 24 has a
plurality of molding cavities located on it. The molding cavities
preferably comprise two rows of cavities 38 corresponding to the two
10 rows of LED devices 10 found on the substrate 12. The positions of
the through-holes 25 formed in the middle plate 26 correspond to the
positions of the cavities 38, so that each one of the pre-molded caps
14 inserted into a through-hole carrying an LED chip is located onto
each one of the cavities 38 for communication with the cavity 38
during molding. A plunger pot 42 and plunger 



15 40 located centrally of the two rows of cavities 38 are operative
to receive and to transfer molding compound, which is liquid silicone
44 in the preferred embodiment, to the cavities 38. Accordingly, the
molding compound is molded onto the pre-molded caps 14 by the
cavities 38 during molding. 20 A two-component dispenser with a
static mixer which is mounted on an X-Y positioning table is movable
over the bottom mold 24 in order to dispense a line of mixed liquid
silicone 44 into the plunger pot 42. The bottom mold 24 is covered by
a release film 45 which is extended across the cavities 38 and the
plunger pot 42. This helps in the separation of the molded LED
devices 10 from 25 the bottom mold 24 after molding. FIG. 4 is a plan
view of the bottom mold 24 of the molding system 20 of FIG. 3. The
molding cavities 38 are arranged in two rows, in the same arrangement
as the LED devices 10 are arranged on the lead frame substrate 12.
The plunger 30 pot 42 in the form of an elongated channel is located
centrally between the two rows of cavities 38, and there are runners
46 linking the plunger pot 42 to the  - 6 - cavities 38. The plunger
40 may be located at the side or centre of the plunger pot 42 for
compressing the liquid silicone 44 in the plunger pot 42. When the
plunger 40 compresses the liquid silicone 44 in the plunger pot 42
during molding, the liquid silicone 44 is expelled from the plunger
pot 42 to the runners 46, and is 5 thus distributed from the plunger
pot 42 to the cavities 38 through the runners 46. Air vents 48
linking the cavities 38 to the external atmosphere exhaust air from
the cavities 38 and they prevent air bubbles from being formed in the
cavities 38. Furthermore, there are vacuum holes 50 positioned on the
surface of the bottom mold 24 to suck down and to secure the release
film 45 in order to ensure a tight 



10 fit with the bottom mold's surface contours. FIG. 5 is a
cross-sectional view illustrating spring forces exerted on a
pre-molded cap 14 carrying an LED chip to be encapsulated. The middle
plate 26 has been moved onto the bottom mold 24, and the lead frame
substrate 12 has been 15 placed onto the middle plate 26. In this
illustration, the pre-molded caps 14 are inserted into the
through-holes 25 formed in a middle plate insert 27 formed in the
middle plate 26, and the rest of the substrate 12 rests on the middle
plate 26. Hence, the middle plate 26 substantially covers the whole
surface of the substrate 12 except for the positions of the
pre-molded caps 14. The top mold 20 22 is closed onto the substrate
12 resting on the middle plate 26. This drawing also illustrates that
the cavities 38 in the bottom mold 24 are formed from the dome-shaped
recesses of cavity inserts 52 which are detachably insertable into
the bottom mold 24. This enables the cavity inserts 52 to be 25
replaced and substituted for molding different dome sizes onto the
pre-molded cap 14. On the opposite side of the pre-molded cap 14, the
supporter 34 is biased by the spring 36 to push against the
pre-molded cap 14 in order to form a sealing effect on the cavity 38.
A distance bush 54 controls the extent of contraction of the spring
36. At this point, the plunger 40 pushes upwards into 30 the plunger
pot 42 to force the liquid silicone 44 into the runners 46 and then
into the cavities 38, thereby encapsulating the LED devices 10.  



- 7 - The bottom surface of the middle plate 26 which contacts the
liquid silicone 44 is preferably coated with an optical metal coating
on selected areas which prevent liquid silicone 44 from sticking to
the metal surface of the middle plate 26. The 5 surfaces of the
bottom mold 24 are covered by the release film 45, and do not face
the same problem of liquid silicone 44 adhering to it. FIG. 6 shows
the molded LED device 10 which is lifted together with a middle plate
26 of the molding system 20 after encapsulation. In this
illustration, the 10 plunger 40 incorporates a locking insert 56
which has a locking feature 58 at the position where the locking
insert 56 contacts the liquid silicone 44. The locking feature 58 may
comprise one or two angular hook-like recesses, and is operative to
adhere the molding compound to the plunger 40. During molding, some
of the liquid silicone 44 will enter the locking feature 58. After
molding, when the middle 15 plate 26 is lifted away from the bottom
mold 24, the locking feature ensures that cull comprising the liquid
silicone 44 that remains in the runner 46 and plunger pot 42 separate
from the middle plate 26 and is retained on the release film 45. On
the other hand, the liquid silicone 44 molded in the cavities 38 is
removed together with the removal of the pre-molded cap 14.
Furthermore, the suction 20 features on the bottom mold 24, namely
the vacuum holes 50, ensure that the release film 45 remains on the
bottom mold 24 when the middle plate 26 is separated from it. Since
the liquid silicone 44 sticks to the release film 45, it can be
removed together with the used release film 45. 25 The substrate 12
with the molded dome-shaped lenses 16 may now be lifted away from the
middle plate 26 by the track plates 28. The substrate 12 may then be
removed from the molding system 20 for further processing, such as
for severing each of the individual LED devices 10 from the substrate
12.  



- 8 - encapsulation of electronic devices in the form of
light-emitting devices. With the described approach, precise control
of the final shape of an LED device 10 is possible. Consequently, LED
devices 10 with improved quality of light emission may be
manufactured. The invention described herein is susceptible to
variations, modifications and/or additions other than those
specifically described and it is to be understood that the invention
includes all such variations, modifications and/or additions which
fall within the spirit and scope of the above description.  -9-
CLAIMS  1. Molding system for a substrate having a plurality of
protrusion members on its surface, the molding system comprising:
first and second molds cooperating to apply a clamping force onto the
substrate for molding, the first mold comprising a plurality of
supporters for pressing onto the plurality of protrusion members
during molding;        a middle plate located between the first and
second molds such that the substrate is clamped between the middle
plate and the first mold during molding; a plurality of molding
cavities located on the second mold; and        through-holes formed
in the middle plate corresponding to positions of the molding
cavities, each through-hole being sized and configured for inserting
each of the plurality of protrusion members of the substrate to
enable each protrusion member to communicate with a respective one of
the plurality of molding cavities of the second mold;        wherein
the second mold comprises a plunger pot in the form of an elongated
channel which is operative to receive molding compound for molding,
runners connecting the plunger pot to the plurality of molding
cavities, and a plunger for expelling the molding compound from the
plunger pot into the plurality of molding cavities through the
runners to encapsulate a portion of each of the plurality of
protrusion members; and 



the plurality of protrusion members are operative to be pressed by
the plurality of supporters onto the second mold during molding to
seal the plurality of molding cavities, thereby preventing leakage of
the molding compound outside areas sealed by the plurality of
protrusion members and the second mold.  2. Molding system as claimed
in claim 1, wherein the molding cavities are arranged in separate
rows and the plunger pot is centrally located between the separate
rows of molding cavities.  3. Molding system as claimed in claim 1 or
claim 2, further comprising a dispenser movable over the plunger pot
which is operative to dispense molding compound into the plunger pot.
-10-  4. Molding system as claimed in claims 1 to 3, wherein the
plunger comprises a locking feature which is operative to adhere the
molding compound to the plunger after molding so as to facilitate the
separation of the molding compound in the molding cavities from cull.
5. Molding system as claimed in claim 4, wherein the locking feature
comprises one or more angular hook-like recesses on a surface of the
plunger.  6. Molding system as claimed in any one of the preceding
claims, further comprising a track plate guided by a support rod for
gripping a side of the substrate, and which is operative to move the
substrate vertically between the first mold and the middle plate.  7.
Molding system as claimed in any one of the preceding claims, wherein
the middle plate substantially covers the whole surface of the
substrate except for positions of the protrusion members.  8. Molding
system as claimed in any one of the preceding claims, further
comprising blind holes located on the first mold for inserting and
receiving the protrusion members of the substrate.  9. Molding system
as claimed in claim 8, wherein the plurality of supporters are
located inside the blind holes and are biased by resilient devices to
push the protrusion members towards the molding cavities on the
second mold.  10. Molding system as claimed in any one of the
preceding claims, wherein the molding compound is silicone and the
molding compound forms a lens on each protrusion member after
molding. 



11. Molding system as claimed in any one of the preceding claims,
wherein the molding cavities are formed on inserts which are
detachably insertable in the second mold.   12. Molding system as
claimed in any one of the preceding claims, wherein a surface of the
middle plate which contacts the molding compound is coated with a
coating which is operative to prevent molding compound from sticking
to the middle plate.  13. Method of molding a substrate in a molding
system, the substrate having a plurality of protrusion members on its
surface, the method comprising the steps of:        providing first
and second molds and a middle plate located between the first and
second molds, the first mold comprising a plurality of supporters for
pressing onto the plurality of protrusion members, and the second
mold comprising a plunger pot in the form of an elongated channel
having molding compound for molding, runners connecting the plunger
pot to the plurality of molding cavities, and a plunger;
locating the substrate between the middle plate and the first mold
while inserting the plurality of protrusion member into through-holes
formed in the middle plate to enable the plurality of protrusion
members to be in communication with molding cavities formed in the
second mold; applying a clamping force onto the substrate; and then
encapsulating a portion of each of the plurality of protrusion
members with a molding compound during molding;        wherein the
step of encapsulating the respective portion of each of the plurality
of protrusion members includes pushing the plunger into the plunger
pot to force the molding compound into the runners and subsequently
into the plurality of molding cavities; and        the method further
comprises the step of pressing the plurality of protrusion members by
the plurality of supporters onto the second mold during molding to
seal the plurality of molding cavities, thereby preventing leakage of
the molding compound outside areas sealed by the plurality of
protrusion members and the second mold.  14. Method of molding a
substrate as claimed in claim 13, further comprising the step of
dispensing molding compound into the plunger pot before applying a
clamping force onto the substrate, the plunger pot being connected to
the molding cavity by runners.  15. Method of molding a substrate as
claimed in claim 13 or claim 14, further comprising the step of
gripping a side of the substrate with a track plate guided by a 



-12 - support rod, and moving the substrate linearly between the
first mold and the middle plate to position the substrate for
clamping.  16. Method of molding a substrate as claimed in claims 13
to 15, wherein the middle plate substantially covers a surface of the
whole substrate except for the protrusion members.  17. Method of
molding a substrate as claimed in claims 13 to 16, further comprising
steps for inserting and receiving the protrusion members of the
substrate into blind holes located on the first mold.  18. Method of
molding a substrate as claimed in claim 17, wherein the plurality of
supporters are located inside the blind holes that are biased by
resilient devices.  19. Method of molding a substrate as claimed in
any one of the preceding claims, wherein the molding compound is
silicone and the molding compound forms a lens on each protrusion
member after molding. 


