
-1- 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 30 It is thus an
object of the invention to seek to provide a molding system using a  liquid
molding compound to mold the optical elements of electronic devices while
-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  10 substrate; 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. 30 Supporters
34 are located inside blind holes 35 formed on the surface of the top  mold
22 corresponding to positions of the LED devices 10. The pre-molded caps 


