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ABSTRACT

The present invention relates to a semiconductor lead frame
package and LED package. The semiconductor lead frame
package includes a die pad, a lead, a die and an insulator body.
The lead is electrically isolated from the die pad. The die is
disposed on the die pad and electrically connected to the lead.
The insulator body partially encapsulates the die pad and the
lead, and has a top surface and a bottom surface, wherein a
part of the lead is folded onto the top surface of the insulator

body.
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SEMICONDUCTOR LEAD FRAME PACKAGE
AND LED PACKAGE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to semiconductor
packages, and more particularly, to semiconductor lead frame
packages and LED packages.

[0003] 2. Description of the Related Art

[0004] Light-emitting diode (LED) devices are preferred
for many lighting applications due to the advantages they
provide, such as low cost, low energy consumption, and
related environmental benefits. A typical LED device
includes at least one LED package containing a LED chip.
LED device efficiency depends on not only LED chip quan-
tum efficiency but also package design.

[0005] A LED device generates heat during use that must
be dissipated. Heat not only causes inefficiencies, but also
influences long-term reliability of LED devices. Conse-
quently, LED devices typically include a metal heat sink for
better heat dissipation.

[0006] Some LED packages include a pre-molded lead
frame, instead of a conventional ceramic substrate, to carry
the LED chip. The pre-molded lead frame includes a pre-
molded insulator encapsulating a lead frame having multiple
electrodes and a thermal pad. The electrodes and thermal pad
are exposed on a bottom of the LED package.

[0007] However, conventional LED packages cannot be
directly surface-mounted to the electrically conductive sur-
face of the metal heat sink, because the heat sink would short
circuit the LED package’s exposed electrodes. Typically, a
printed circuit board provides an electrically insulative buffer
between the conventional LED package and the heat sink to
overcome this problem, but that solution significantly
increases manufacturing costs.

[0008] In addition, to reduce the thermal impedance
between the LED package and the heat sink, the circuit board
is often provided with thermal vias or metal inserts that
extend through the circuit board. These features only further
increase manufacturing costs.

[0009] Another LED package design, called a chip-on-
board (COB) package, includes LED chips mounted on a
metal-core printed circuit board (MCPCB). The MCPCB
typically includes an aluminum plate with an insulating layer
coated on its front surface and a copper pattern on the insu-
lating layer that provides electrical routing and connection.

[0010] The COB LED package can be directly surface-
mounted to the electrically conductive surface of the metal
heat sink. However, the heat transmission from the LED chip
to the heat sink is significantly hindered by the insulating
layer between the copper pattern and the aluminum core,
which results in low thermal dissipation efficiency.

SUMMARY OF THE INVENTION

[0011] Inaccordance with one embodiment, a semiconduc-
tor lead frame package includes a die pad, a lead, a die
disposed on a top surface of the die pad and electrically
connected to a main portion of the lead disposed above the die
pad. An insulator body partially encapsulates the die pad and
the lead, an electrode portion of the lead being folded onto a
top surface of the insulator body, the electrode portion being
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parallel to the main portion, wherein a bottom surface of the
die pad is exposed from a bottom surface of the insulator
body.

[0012] In one embodiment, the exposed bottom surface of
the die pad directly contacts a heat sink. That is, the bottom
surface of the die pad is thermally attached to the heat sink.
Thus, the heat generated by the die can be dissipated to the air
rapidly through the die pad and the heat sink, which results in
high heat dissipating efficiency.

[0013] Inoneembodiment, the lead includes the main por-
tion, a connecting portion folded from the main portion, and
the electrode portion folded from the connecting portion on to
the top surface of the insulator body. The connecting portion
of'theleadis folded into a notch of the insulator body such that
the connecting portion is recessed from a lateral surface of the
insulator body. By recessing the connecting portion from the
lateral surface of the insulator body, the chances of short
circuiting occurring between the lead and the heat sink is
significantly reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 illustrates a perspective view of a semicon-
ductor lead frame package mounted to a heat sink according
to one embodiment;

[0015] FIG. 2 illustrates a cross-sectional view taken along
line 2-2 of FIG. 1;

[0016] FIG. 3 illustrates a cross-sectional view taken along
line 3-3 of FIG. 1;

[0017] FIG. 4 illustrates a cross-sectional view taken along
line 4-4 of FIG. 1;

[0018] FIG. 4A illustrates a cross-sectional view of the
semiconductor lead frame package of FIG. 4 connected to an
external power supply circuitry by an electric wire;

[0019] FIG. 5 illustrates a perspective view of a semicon-
ductor lead frame package according to another embodiment;
[0020] FIG. 6 illustrates a top view of the semiconductor
lead frame package of FIG. 5 mounted to an external heat sink
via a connector;

[0021] FIGS. 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18
illustrate a process for manufacturing a semiconductor lead
frame package according to one embodiment; and

[0022] FIGS.19to 20 illustrate a process for manufacturing
a semiconductor lead frame package according to another
embodiment.

[0023] Common reference numerals are used throughout
the drawings and the detailed description to indicate the same
elements. The present invention will be more apparent from
the following detailed description taken in conjunction with
the accompanying drawings.

DETAILED DESCRIPTION OF THE INVENTION

[0024] Referring to FIG. 1, a semiconductor lead frame
package 1 according to one embodiment is illustrated. The
semiconductor lead frame package 1 includes a die pad 12, at
least one lead 14, e.g., two leads 14, at least one rib 16, e.g.,
four ribs 16, at least one fixing element 18, e.g., two fixing
elements 18, an insulator body 22, at least one bonding wire
30, e.g., three bonding wires 30, at least one die 28, e.g., two
dies 28, at least one light converting layer 281, e.g., two light
converting layers 281, and an encapsulant 32.

[0025] Thediepad 12 isused for carrying the die 28. In this
embodiment, the die 28 is a light-emitting diode (LED) die,
and is adhered to the die pad 12. Thus, the semiconductor lead
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frame package 1 is a LED package. The material of the die
pad 12 is metal such as copper.

[0026] Although two dies 28 are illustrated in the figures, in
another embodiment, the semiconductor lead frame package
1 includes only a single die 28. In yet another embodiment,
the semiconductor lead frame package 1 includes more than
two dies 28.

[0027] The insulator body 22 (also referred to as housing)
partially encapsulates the die pad 12 and the lead 14 thereby
forming a premolded lead frame, and has a top surface 221, a
bottom surface 222, at least one notch 223, e.g., two notches
223, and a central opening 23. The notch 223 is disposed on
an edge of the insulator body 22. More particularly, lateral
surfaces 224 of insulator body 22 extend perpendicularly
between the top surface 221 and bottom surface 222 of the
insulator body 22 and the notches 223 are formed within the
lateral surfaces 224.

[0028] An upper inner sidewall 25 of the insulator body 22
defines an upper central opening 24 in the insulator body 22.
A lower inner sidewall 27 of the insulator body 22 defines a
lower central opening 26 of the insulator body 22. The central
opening 23 includes the lower central opening 26 and the
upper central opening 24.

[0029] Theupper central opening 24 is communicated with
the lower central opening 26, and the size of the upper central
opening 24 is greater than that of the lower central opening
26. The lower central opening 26 exposes a part of the die pad
12 on which the die 28 is disposed, and the upper central
opening 24 exposes a part of the lead 14 on which the bonding
wire 30 is bonded. The material of the insulator body 22 may
be a molding compound, such as, for example, a transparent
or translucent polymer, a soft gel, an elastomer, a resin, an
epoxy resin, a silicone, or an epoxy-silicone hybrid resin.
[0030] The two leads 14 are electrically isolated from the
die pad 12, and each of the leads 14 has a main portion 141, a
connecting portion 142 and an electrode portion 143, e.g. as a
positive electrode and a negative electrode. The main portion
141 is embedded in the insulator body 22, and a part of the
main portion 141 is exposed from the upper central opening
24 of the insulator body 22 and electrically connected to the
die 28 through the bonding wire 30. The connecting portion
142 connects the main portion 141 and the electrode portion
143, and is disposed in the notch 223.

[0031] In this embodiment, the connecting portion 142
extends out of the insulator body 22 and is disposed on a
sidewall 225 of the notch 223 (see FIG. 4). The connecting
portion 142 is folded so that the connecting portion 142 is
substantially perpendicular to the main portion 141. Although
various features may be described as being perpendicular,
parallel, or having other relations, in light of this disclosure,
those of skill in the art will understand that the features may
not be exactly perpendicular or parallel, but only substantially
perpendicular or parallel to within accepted manufacturing
tolerances.

[0032] The electrode portion 143 is disposed on the top
surface 221 of the insulator body 22, and is used for external
electrical connection. The electrode portion 143 is folded so
that the electrode portion 143 is substantially perpendicular to
the connecting portion 142, and the electrode portion 143 is
substantially parallel to the main portion 141. In this embodi-
ment, the material of the lead 14 (the main portion 141, the
connecting portion 142, and the electrode portion 143) is
metal such as copper. The leads 14 and the die pad 12 may be
referred to as a lead frame.
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[0033] The encapsulant 32 is disposed in the central open-
ing 23, i.e., the lower central opening 26 and the upper central
opening 24, to encapsulate the die 28 and the bonding wire 30.
The encapsulant 32 may be made of a transparent polymer or
atranslucent polymer, for example, a soft gel, an elastomer, a
resin, an epoxy resin, a silicone, or an epoxy-silicone hybrid
resin.

[0034] To improve the uniformity of light-emitting from
the die 28, the light may be scattered as it is emitted. Thus,
scattering particles may be added into the encapsulant 32 to
randomly refract light as it passes through the encapsulant 32.
[0035] In this embodiment, a top surface 33 of the encap-
sulant 32 is coplanar with the top surface 221 of the insulator
body 22; however, in other embodiments, the top surface 33
of'the encapsulant 32 may bulge to form a convex lens struc-
ture.

[0036] The light converting layer 281 is disposed between
the encapsulant 32 and the die 28. The light converting layer
281 substantially covers the top surface of the die 28, and may
also cover a portion of each bonding wire 30.

[0037] The light converting layer 281 includes particles of
alight converting substance, such as, for example, fluorescent
particles. Light, for example, blue light, emitted from the die
28 may be converted by the light converting substance into
light of different colors, such as, for example, green, yellow,
and red, and the different colors may then be mixed to gen-
erate white light.

[0038] However, in other embodiments, the light convert-
ing layer 281 may be omitted for a monochromatic LED
package. Alternatively, the light converting layer 281 may be
replaced by a light converting substance in the encapsulant
32.

[0039] A part of the rib 16 and the fixing element 18 are
exposed from the insulator body 22. The fixing element 18 is
connected to the die pad 12 through the rib 16. In this embodi-
ment, the fixing element 18 is a plate and has a through hole
181 for external connecting. The material of the rib 16 and the
fixing element 18 is metal such as copper.

[0040] Referring to FIG. 2, a cross-sectional view taken
along line 2-2 of FIG. 1 is illustrated, wherein the semicon-
ductor lead frame package 1 is further mounted to an external
heat sink 11 to form a LED module. The die pad 12 has a top
surface 121 and a bottom surface 122. The die 28 is disposed
on the top surface 121 of the die pad 12. The bottom surface
122 of the die pad 12 is coplanar with the bottom surface 222
of the insulator body 22 so as to be exposed from the bottom
surface 222 of the insulator body 22 and contact the heat sink
11 directly. That is, the bottom surface 122 of the die pad 12
is thermally attached to the heat sink 11.

[0041] Thus, the heat generated by the die 28 can be dissi-
pated to the air rapidly through the die pad 12 and the heat sink
11, which results in high heat dissipating efficiency. Further-
more, the die pad 12, the rib 16 and the fixing element 18 are
the same plate formed by punching so that the rib 16 is bent
and a bottom surface 123 of the fixing element 18 is coplanar
with the bottom surface 122 of the die pad 12. The fixing
element 18 is used to be secured to the heat sink 11.

[0042] Inthis embodiment, a fastener 50 is received within
the through hole 181 of'the fixing element 18 and the opening
111 of the heat sink 11 to secure the semiconductor lead frame
package 1 to the heat sink 11. The fastener 50 and the opening
111 of the heat sink 11 may be threaded. However, it is
understood that the fixing element 18 may be adhered or
soldered to the heat sink 11. In addition, the bottom surface
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123 of the fixing element 18 is coplanar with the bottom
surface 122 of the die pad 12 so that when the fixing element
18 is secured to the heat sink 11, the bottom surface 122 of the
die pad 12 contacts the heat sink 11 at the same time.

[0043] Referring to FIG. 3, a cross-sectional view taken
along line 3-3 of FIG. 1 is illustrated, wherein the semicon-
ductor lead frame package 1 is further mounted to the heat
sink 11. The horizontal of the main portion 141 of the lead 14
is higher than that of the die pad 12, i.e., the plane within
which the main portion 141 of the lead 14 lies is above the
plane within which the die pad 12 lies. That is, the main
portion 141 of the lead 14 is disposed above and spaced apart
from the die pad 12.

[0044] Inthe present embodiment, bottom surfaces 141a of
the main portion 141 of the leads 14 are covered by the
insulator body 22 such that the semiconductor lead frame
package 1 can be mounted directly to the metal heat sink 11
without short circuiting the leads 14.

[0045] The portion of the insulator body 22 between the
main portion 141 of the lead 14 and the die pad 12 defines the
lower central opening 26, and the portion of the insulator
body 22 on the main portion 141 of the lead 14 defines the
upper central opening 24. More particularly, the lower inner
sidewall 27 of the insulator body 22 extends between the main
portion 141 of the lead 14 and the die pad 12 and defines the
lower central opening 26. The upper inner sidewall 25 of the
insulator body 22 extends between the main portion 141 of
the lead 14 and the top surface 221 of the insulator body 22
and defines the upper central opening 24.

[0046] Referring to FIG. 4, a cross-sectional view taken
along line 4-4 of FIG. 1 is illustrated. Referring to FIG. 4A,
the semiconductor lead frame package 1 of FIG. 4 is con-
nected to an external power supply circuitry 60 by a pair of
contacts or electric wires 62 (only one is shown in FIG. 4A)
which are secured to the exposed electrode portions 143 of the
leads 14. The external power supply circuitry 60 delivers
current to the semiconductor lead frame package 1 so that the
LED die 28 may generate light.

[0047] In this embodiment, the lead 14 (the main portion
141, the connecting portion 142 and the electrode portion
143) is formed integrally, and is folded twice to form the main
portion 141, the connecting portion 142 and the electrode
portion 143 respectively. A part, i.e., the connecting portion
142, ofthe lead 14 is folded onto the sidewall 225 of the notch
223 such that the connecting portion 142 is recessed from the
lateral surface 224 of the insulator body 22, and another part,
i.e., the electrode portion 143, of the lead 14 is further folded
onto the top surface 221 of the insulator body 22.

[0048] The position of the notch 223 corresponds to the
folded part, i.e., the connecting portion 142 and the electrode
portion 143, of the lead 14. In certain embodiments, the
connecting portion 142 is recessed from the lateral surface
224 of the insulator body 22 by at least 0.15 mm, thereby
significantly reducing the chances of short circuiting occur-
ring between the leads 14 and the heat sink 11, as further
discussed below.

[0049] In one embodiment, the semiconductor lead frame
package 1 does not have the notch 223, and the connecting
portion 142 is disposed on the lateral surface 224, which
shortens the distance between the leads 14 and the heat sink
11, and may result in an increased possibility of short circuit-
ing occurring between the leads 14 and the heat sink 11. In
addition, in the illustrated embodiment, when viewed from
the bottom surface 222 of the insulator body 22, the bottom
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surface 122 of the die pad 12 is exposed but the bottom
surfaces 141a of the main portions 141 of the leads 14 are not
exposed.

[0050] Referring to FIG. 5, a semiconductor lead frame
package 1a according to another embodiment is illustrated.
The semiconductor lead frame package 1a is substantially
similar to the semiconductor lead frame package 1 of FIG. 1,
and the same elements are designated with same reference
numerals. The difference between the semiconductor lead
frame package 1a of this embodiment and the semiconductor
lead frame package 1 of FIG. 1 is that the semiconductor lead
frame package 1a does not have the fixing element 18 of the
semiconductor lead frame package 1. Thus, only a part of the
rib 16 is exposed from the side of the insulator body 22.
[0051] Referring to FIG. 6, a top view of FIG. 5 is illus-
trated, wherein the semiconductor lead frame package la is
further mounted to the external heat sink 11 via a connector
34 (the hatched area in FIG. 6). The connector 34 comprises
acentral ring 341, two top ribs 342, two bottom seats 343, and
two vertical portions 344. The central ring 341 is disposed on
the top surface 221 of the insulator body 22, and corresponds
to the upper central opening 24 of the insulator body 22. The
inner diameter of the central ring 341 is slightly greater than
the diameter of the upper central opening 24.

[0052] The top ribs 342 extend from the central ring 341 to
two corners of the insulator body 22, and connect the bottom
seats 343 through two vertical portions 344 respectively. The
bottom surface of the bottom seats 343 is coplanar with the
bottom surface 122 of the die pad 12, and the shape of each of
the bottom seats 343 fits the corner of the insulator body 22 so
as to lock the insulator body 22. The fastener 50 is used to
secure the semiconductor lead frame package 1a to the heat
sink 11 through the through hole (not shown) of the bottom
seat 343.

[0053] Referring to FIGS. 7 to 18, a semiconductor process
for manufacturing a semiconductor lead frame package
according to an embodiment is illustrated.

[0054] Referring to FIG. 7, a lead frame is provided. The
lead frame includes a plurality of strip portions 20 across each
other to define a plurality of units. Each of the units includes
a die pad 12, at least one lead 14, at least one rib 16, at least
one fixing element 18, at least one first bar portion 201 and at
least one second bar portion 202. The pattern of the lead frame
may be formed by punching or etching a copper plate.
[0055] In this embodiment, each of the units includes two
leads 14, four ribs 16 and two fixing elements 18. In this
embodiment, each of the fixing elements 18 is a plate and has
a through hole 181 for external connecting. The ribs 16 con-
nect the fixing elements 18 and the die pad 12, and the fixing
elements 18 are connected to the strip portions 20 by the first
bar portions 201. The leads 14 extend along the die pad 12,
and do not connect the die pad 12. Each of the leads 14 has a
main portion 141, a connecting portion 142 and an electrode
portion 143. The connecting portion 142 connects the main
portion 141 and the electrode portion 143. The electrode
portion 143 is connected to the strip portion 20 by the second
bar portion 202.

[0056] Referring to FIG. 8, a cross-sectional view taken
along line 8-8 of F1G. 7 is illustrated. The die pad 12 has a top
surface 121 and a bottom surface 122. The main portion 141
has a bottom surface 141a. The horizontal of the main portion
141 of the lead 14 is higher than that of the die pad 12. That is,
the main portion 141 of the lead 14 is disposed above and
spaced apart from the die pad 12.
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[0057] Referring to FIG. 9, a cross-sectional view taken
along line 9-9 of FIG. 7 is illustrated. In this embodiment, the
die pad 12, the rib 16 and the fixing element 18 are the same
plate formed by punching so that the rib 16 is bent and the
bottom surface 123 of the fixing element 18 is coplanar with
the bottom surface 122 of the die pad 12. Therefore, when the
fixing element 18 is secured to the heat sink 11 (FIG. 2), the
bottom surface 122 of the die pad 12 contacts the heat sink 11
at the same time.

[0058] Referring to FIG. 10, the insulator body 22 is
formed to partially encapsulate the die pad 12 and the lead 14,
and has at least one notch 223 and a central opening 23. The
notch 223 is disposed on an edge ofthe insulator body 22. The
central opening 23 includes a lower central opening 26 and an
upper central opening 24. The upper central opening 24 is
communicated with the lower central opening 26, and the size
of the upper central opening 24 is greater than that of the
lower central opening 26. The lower central opening 26
exposes a part of the die pad 12 on which the die 28 is
disposed, and the upper central opening 24 exposes a part of
the main portion 141 ofthe lead 14 on which the bonding wire
30 is bonded. The material of the insulator body 22 may be a
molding compound, such as, for example, a transparent or
translucent polymer, a soft gel, an elastomer, a resin, an epoxy
resin, a silicone, or an epoxy-silicone hybrid resin.

[0059] Referring to FIG. 11, a cross-sectional view taken
along line 11-11 of FIG. 10 is illustrated. The insulator body
22 further has a top surface 221, a bottom surface 222, at least
one notch 223 and a central opening 23. The portion of the
insulator body 22 between the main portion 141 ofthe lead 14
and the die pad 12 defines the lower central opening 26, and
the portion of the insulator body 22 on the main portion 141
of the lead 14 defines the upper central opening 24.

[0060] Referring to FIG. 12, a cross-sectional view taken
along line 12-12 of FIG. 10 is illustrated. The bottom surface
122 of'the die pad 12 is coplanar with the bottom surface 222
of the insulator body 22 so as to be exposed from the bottom
surface 222 of the insulator body 22. A part of the rib 16 and
the fixing element 18 are exposed from the insulator body 22.
[0061] Referring to FIG. 13, a cross-sectional view taken
along line 13-13 of FIG. 10 is illustrated. The position of the
notch 223 corresponds to the connecting portion 142 and the
electrode portion 143 of the lead 14. Thus, the connecting
portion 142 and the electrode portion 143 extend out of the
insulator body 22 through the notch 223.

[0062] Referring to FIG. 14, the die 28 is attached to the top
surface 121 of the die pad 12. In this embodiment, the die 28
is a light-emitting diode (LED) die, and is adhered to the die
pad 12. Then, at least one bonding wire 30 is bonded from the
die 28 to the exposed part of the main portion 141 of the lead
14. Then, the light converting layer 281 is applied to cover the
top surface of the die 28 and may also cover a portion of each
bonding wire 30.

[0063] The light converting layer 281 includes particles of
alight converting substance, such as, for example, fluorescent
particles. Light, for example, blue light, emitted from the die
28 may be converted by the light converting substance into
light of different colors, such as, for example, green, yellow,
and red, and the different colors may then be mixed to gen-
erate white light. However, in other embodiments, the light
converting layer 281 may be omitted for a monochromatic
LED package.

[0064] Then, the encapsulant 32 is applied in the central
opening 23, i.e., the lower central opening 26 and the upper
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central opening 24, to encapsulate the die 28 and the bonding
wire 30. The encapsulant 32 may be made of a transparent
polymer or a translucent polymer, for example, a soft gel, an
elastomer, a resin, an epoxy resin, a silicone, or an epoxy-
silicone hybrid resin.

[0065] To improve the uniformity of light-emitting from
the die 28, the light may be scattered as it is emitted. Thus,
scattering particles may be added into the encapsulant 32 to
randomly refract light as it passes through the encapsulant 32.
In this embodiment, the top surface 33 of the encapsulant 32
is coplanar with the top surface 221 of the insulator body 22;
however, in other embodiments, the top surface of the encap-
sulant 32 may bulge to form a convex lens structure.

[0066] Referring to FIGS. 14 and 15 together, the second
bar portions 202 are cut off.

[0067] Referring to FIG. 16, the connecting portions 142 of
the leads 14 are folded upwardly.

[0068] Referring to FIG. 17, a cross-sectional view taken
along line 17-17 of FIG. 16 is illustrated. In this embodiment,
the connecting portion 142 is folded on the sidewall 225 of the
notch 223, and is substantially perpendicular to the main
portion 141. Meanwhile, the electrode portion 143 of the lead
14 protrudes from the top surface 221 of the insulator body
22.

[0069] Referring to FIG. 18, the electrode portion 143 of
the leads 14 are folded onto the top surface 221 of the insu-
lator body 22, so that the electrode portion 143 is substantially
perpendicular to the connecting portion 142, and the elec-
trode portion 143 is substantially parallel to the main portion
141. The electrode portions 143 are used for external electri-
cal connection. Then, the first bar portions 201 are cut off so
as to obtain the semiconductor lead frame package 1 of FIG.
1.

[0070] Referring to FIGS. 19 to 20, a semiconductor pro-
cess for manufacturing a semiconductor lead frame package
according to another embodiment is illustrated.

[0071] Referring to FIG. 19, a lead frame is provided. The
lead frame of this embodiment is substantially similar to the
lead frame of FIG. 7, and the same elements are designated
with same reference numerals. The difference between the
lead frame of this embodiment and the lead frame of FIG. 7 is
that the lead frame of this embodiment does not have the
fixing element 18 of the lead frame of FIG. 7, and the ribs 16
connect the strip portions 20 directly. Therefore, in the same
size of lead frame, the design of this embodiment has more
units, which increases packaging density.

[0072] Referring to FIG. 20, the insulator body 22 is
formed to partially encapsulate the die pad 12 and the lead 14
as FIG. 10. Then, the die 28 is attached to the top surface 121
of'the die pad 12, the bonding wire 30 is bonded from the die
28 to the exposed part of the main portion 141 of the lead 14,
the light converting layer 281 is applied to cover the top
surface of the die 28 and may also cover a portion of each
bonding wire 30, as FIGS. 10 and 14.

[0073] The subsequent steps of this embodiment are the
same as the steps of FIGS. 15-18, so as to obtain the semi-
conductor lead frame package 1a of FIG. 5.

[0074] While the invention has been described and illus-
trated with reference to specific embodiments thereof, these
descriptions and illustrations do not limit the invention. It
should be understood by those skilled in the art that various
changes may be made and equivalents may be substituted
without departing from the true spirit and scope of the inven-
tion as defined by the appended claims. The illustrations may
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not be necessarily be drawn to scale. There may be distinc-
tions between the artistic renditions in the present disclosure
and the actual apparatus due to manufacturing processes and
tolerances. There may be other embodiments of the present
invention which are not specifically illustrated. The specifi-
cation and the drawings are to be regarded as illustrative
rather than restrictive. Modifications may be made to adapt a
particular situation, material, composition of matter, method,
or process to the objective, spirit and scope of the invention.
All such modifications are intended to be within the scope of
the claims appended hereto. While the methods disclosed
herein have been described with reference to particular opera-
tions performed in a particular order, it will be understood that
these operations may be combined, sub-divided, or re-or-
dered to form an equivalent method without departing from
the teachings of the invention. Accordingly, unless specifi-
cally indicated herein, the order and grouping of the opera-
tions are not limitations of the invention.

What is claimed is:

1. A structure comprising:

a die pad;

alead;

a die disposed on a top surface of the die pad and electri-
cally connected to a main portion of the lead disposed
above the die pad; and

an insulator body partially encapsulating the die pad and
the lead, an electrode portion of the lead being folded
onto a top surface of the insulator body, the electrode
portion being parallel to the main portion, wherein a
bottom surface of the die pad is exposed from a bottom
surface of the insulator body.

2. The structure of claim 1, wherein the bottom surface of
the die pad is coplanar with the bottom surface of the insulator
body.

3. The structure of claim 1, wherein a plane within which
the main portion of the lead lies is spaced apart from a plane
within which the die pad lies.

4. The structure of claim 1, wherein a bottom surface of the
main portion of the lead is covered by the insulator body.

5. The structure of claim 1 further comprising a heat sink,
the bottom surface of the die pad directly contacting the heat
sink.

6. The structure of claim 5 further comprising a fixing
element connected to the die pad and secured to the heat sink,
wherein the bottom surface of the insulator body, the bottom
surface of the die pad, and a bottom surface of the fixing
element are coplanar and directly contact the heat sink.

7. The structure of claim 1 wherein the lead further com-
prises a connecting portion perpendicular to the main portion
and the electrode portion.

8. The structure of claim 1 wherein the insulator body
comprises a lower inner sidewall extending between the main
portion of the lead and the die pad, the lower inner sidewall
defining a lower central opening exposing the die pad.

9. The structure of claim 8 wherein the insulator body
comprises an upper inner sidewall extending between the top
surface of the insulator body and the main portion of the lead,
the upper inner sidewall defining an upper central opening
exposing the main portion of the lead.

10. The structure of claim 1 wherein the insulator body
further comprises an upper central opening exposing the main
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portion of the lead and a lower central opening exposing the
die pad, the upper central opening and the lower central
opening defining a central opening of the insulator body, the
structure further comprising:

an encapsulant disposed in the central opening.

11. The structure of claim 10 wherein a top surface of the
encapsulant is coplanar with the top surface of the insulator
body.

12. A structure comprising:

a die pad;

a lead comprising:

a main portion;
a connecting portion; and

an electrode portion;

a die disposed on the die pad and electrically connected to

the main portion of lead; and

an insulator body partially encapsulating the die pad and

the main portion of the lead, the insulator body compris-
ing:

a top surface having the electrode portion disposed

thereon;

a bottom surface; and

a lateral surface extending between the top surface and the

bottom surface, the lateral surface comprising a notch,
the connecting portion being disposed in the notch.

13. The structure of claim 12 wherein the connecting por-
tion is recessed from the lateral surface.

14. The structure of claim 12 wherein the notch comprises
a sidewall, the connection portion being disposed on the
sidewall.

15. The structure of claim 12 wherein the connecting por-
tion is perpendicular to the main portion and the electrode
portion, and the main portion is parallel to the electrode
portion.

16. The structure of claim 12 wherein the insulator body
further comprises a central opening comprising:

a lower central opening exposing the die pad; and

an upper central opening exposing the main portion of the

lead.

17. The structure of claim 16 wherein the die is a light-
emitting diode (LED) die, the structure further comprising an
encapsulant in the central opening and encapsulating the LED
die.

18. A method comprising:

partially encapsulating a die pad and a lead in an insulator

body, wherein a bottom surface of the die pad is exposed
from a bottom surface of the insulator body;

attaching a die to a top surface of the die pad;

bonding a bonding wire from the die to a main portion of

the lead; and

folding a connecting portion of the lead on a sidewall of a

notch of the insulator body.

19. The method of claim 18 further comprising:

folding an electrode portion of the lead onto a top surface of

the insulator body.

20. The method of claim 19 wherein the bottom surface of
the insulator body and the bottom surface of the die pad are
coplanar, the method further comprising:

directly contacting a heat sink with the bottom surface of

the insulator body and the bottom surface of the die pad.

#* #* #* #* #*
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