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DESCRIPTION

LEAD FRAME FOR A SEMICONDUCTOR DEVICE

TECHNICAL FIELD
The present invention relates to a lead frame for
a semiconductor device, and in particular relates to

techniques of improvinga light reflectanceofa lead frame.

BACKGROUND ART

Conventionally, gold-silver alloy flash plating is
formed at an outermost layer of a lead frame for a
semiconductor device, to ensure a high resistance to
corrosion. An example of such techniques is disclosed in
Unexamined Japanese Patent Application Publication No.
H11-008341.

FIG. 6 1is a representation of a construction of a
lead framedescribedinthe above document. Inthedrawing,
a lead frame 900 is formed by applying nickel plating 902,
palladiumplating 903, and gold-silver alloy flash plating
904 to a lead frame body 901 in this order. According to
the document, the lead frame 900 having this construction
exhibitedanexcellentcorrosionresistancejjlasalt—spray

test.
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However, though this construction certainly has a
high corrosion resistance, it has only a low light
reflectance. This being so, especially when a
semiconductor light-emitting element such as an LED is
mounted on the lead frame to form a semiconductor
light-emitting device, the lead frame cannot sufficiently
reflect rear light of the light-emitting element, which

impairs the luminous efficiency of the entire device.

DISCLOSURE OF THE INVENTION

The present invention was conceived in view of the
problem described above, and aims to provide a lead frame
for a semiconductor device with an improved light
reflectance.

The stated object can be achieved by a lead frame
for a semiconductor device, including: a lead frame body;
and a plurality of metal coatings which include a silver
or silver-alloy coating and are applied to the lead frame
body, wherein the silver or silver-alloy coating is an
outermost metal coating of a predetermined part of the
lead frame, the predetermined part being to be enclosed
with a package of the semiconductor device.

Here, the plurality of metal coatings may further
include a gold or gold-alloy coating which is an outermost

metal coating of a part of the lead frame other than the
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predetermined part.

Here, the silver or silver-alloy coating may have
a thickness of 0.lum or more.

Here, a base that i1s a part of the package may be
inserted to the lead frame with a portion of the
predetermined part being enclosed with the base.

According to these constructions, the silver or
silver-alloy coating delivers an excellent light
reflectance and wire bonding efficiency of the
predetermined part which is enclosed with the package,
and the gold or gold-alloy coating delivers an excellent
resistance to corrosion and soldering efficiency of the
other part which is outside the package.

Thus, the lead frame exhibitsahigh light reflectance
in the predetermined part. Accordingly, when used in a
semiconductor light-emitting device, the lead frame
efficiently reflects rear light of a semiconductor
light-emitting element, with it being possible to enhance
the luminous efficiency of the entire device.

Here, the gold or gold-alloy coating may
substantially entirely cover the lead frame body, wherein
the silver or silver-alloy coating is applied over the
gold or gold-alloy coating only in the predetermined part.

According to this construction, the silver or

silver-alloy coating partially covers the lead frame body,
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whereas the gold or gold-alloy coating entirely covers
the lead frame body. This simplifies the manufacturing
process of the lead frame.

Here, the plurali}y of metal coatings may further
include a nickel or nickel-alloy coating and a palladium
or palladium-alloy coating, wherein the nickel or
nickel-alloy coating, the palladium or palladium-alloy
coating, the gold or gold-alloy coating, and the silver
or silver-alloy coating are applied in the stated order,
with the nickel or nickel-alloy coating and the palladium
or palladium-alloy coating substantially entirely
covering the lead frame body.

According to this construction, the palladium or
palladium-alloy coating has a high high-temperature
stability, which makes the lead frame suitable for
high-temperature leadless soldering.

Here, the silver or silver-alloy coating may
substantially entirely cover the lead frame body, wherein
the gold or gold-alloy coating is applied over the silver
or silver-alloy coating only in the part of the lead frame
other than the predetermined part.

According to this construction, the gold. or ;
gold-alloy coating partially covers the lead frame body,
whereas the silver or silver-alloy coating entirely covers

the lead frame body. This simplifies the manufacturing
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process of the lead frame.

Here, the plurality of metal coatings may further
include a nickel or nickel-alloy coating and a palladium
or palladium-alloy coating, wherein the nickel or
nickel-alloy coating, the palladium or palladium-alloy
coating, the silver or silver-alloy coating, and the gold
or gold-alloy coating are applied in the stated order,
with the nickel or nickel-alloy coating and the palladium
or palladium-alloy coating substantially entirely
covering the lead frame body.

According to this construction, the palladium or
palladium-alloy coating has a high high-temperature
stability, which makes the lead frame suitable for
high-temperature leadless soldering.

Here, the silver or silver-alloy coating may be
applied except at least one part of the portion enclosed
with the base.

According to this construction, the adhesion between
the lead frame and a resin that forms the package is strong
in the area where the silver or silver-alloy coating is
absent:Mlthepredetermiﬂedpart. This maintains the seal
of the package and improves the resistance to corrosion
in the predetermined part.

Here, a semiconductor light-emitting element may be

mounted on the lead frame to form a semiconductor
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light-emitting device.

According to this construction, the semiconductor
light-emitting device is formed using‘thé lead frame that
has an excellent light reflectance in the predetermined
part. This makes it possible to efficiently reflect rear
light of the semiconductor light-emitting element, which
contributes to a high luminous‘efficiency of the entire

device.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a top view of a lead frame to which an
embodiment of the invention relates.

FIG. 2 is a representation of a plating construction
of the lead frame shown in FIG. 1.

FIG. 3 is a perspective view of the lead frame after
a package is formed.

FIG. 4 is a representation of a cross section of a
semiconductor light-emitting device that uses the lead
frame.

FIG. 5 is a graph for comparing reflectances of lead
frames.

FIG. 6 is a representation of a plating construction

of a conventional lead frame.

BEST MODE FOR CARRYING OUT THE INVENTION
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An embodiment of the present invention is described
in detail below, by referring to the drawings.
(Pattern of a Lead Frame)

FIG. 1 is a top view of a lead frame to which the
embodiment of the present invention relates.

In the drawing, a lead frame 100 is formed by pressing
or etching a lead frame body in the illustrated pattern
and then plating the lead frame body as described later.
For example, the lead frame body is a thin plate of an
iron alloy or a copper alloy.

A package for enclosing part of the lead frame 100
and housing a semiconductor element such as a semiconductor
light-emitting element is provided in each of the areas
indicated by the dashed line boxes. The package includes
a base and a cover. The base has a depression for mounting
the semiconductor light-emitting element. The cover
seals the depression on which the semiconductor
light-emitting element is mounted.

In this specification, a part of the lead frame 100
which is inside each of the areas indicated by the dashed
line boxes, i.e. which is enclosed with the package, is
called an inner part, whereas a part of the lead frame
100 which is outside the package is called an outer part.
The inner part includes inner leads. The inner part may

also include an element mounting unit that is provided
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separately from or as part of the inner leads.
(Plating)

FIG. 2 is a representation of a plating construction
of the lead frame 100, taken along the lines A-A’ in FIG.
1.

The lead frame 100 is formed by applyingnickel plating
102, palladium plating 103, and gold flash plating 104
to a lead frame body 101 in this order, and further applying
silver plating 105 to part of the inner part.

For example, the nickel plating 102 has a thickness
of 0.5 to 2.0um, the palladium plating 103 has a thickness
0f0.005t00.07um, thegoldflashplatingl04hasathickness
0f0.003to0.01lum, andthesilverplatingl05hasathickness
of 0.1lum or more.

Here, these plating layers may instead be made of
alloys. Which is to say, the nickel plating 102 may be
nickel-alloy plating, the palladium pléting 103 may be
palladium-alloy plating, the gold flash plating 104 may
be gold-alloy flash plating, and the silver plating 105
may be silver-alloy plating.

After plating, the base of the package is inserted
to the area indicated by the dashed lines. The base is
made of a white-colored or light-colored insulating resin,
suchaspolyphthalamide. Thebasehasadepressionasshown

in the drawing, and releases light of the semiconductor
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light-emitting element placed in the depression in an

upwarddirection. Afterthesemiconductor light-emitting
element is placed in the depression, the depression is
filled with a sealing transparent resin (e.g. an epoxy
resin) to form the cover. The base and the cover together
constitute the package.

It should be noted here that the silver plating 105
only partially covers the inner part, i.e., the part of
the inner part enclosed with the base is partially not
plated with silver.

(Semiconductor Device using the Lead Frame 100)

FIG. 3 is a perspective view of the lead frame 100
after a base 200 is formed.

FIG. 4 1s a representation of a cross section of a
semiconductor light-émitting device 700 which uses the
lead frame 100.

The semiconductor light-emittingdevice 700 is formed
by mounting a semiconductor light-emitting element 400
on part of the inner part exposed to the depression of
the base 200, connecting thev semiconductor light-emitting
element 400 with the inner part using bonding wires 500,
and thenenclosingatransparent resin 300 in the depression
to form a cover.

Light 60l of thesemiconductorlight-emitting element

400 1is directly released upward, whereas other light 602
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of the semiconductor light—emitting element 400 is
reflected off the inner part and the base 200 and then
released.

The inventors of the present invention confirmed that
such a constructed lead frame has the following excellent
properties.

(Light Reflectance)

FIG. 5 is a graph for comparing light reflectances
of lead frames. A light reflectance of a lead frame of
each of sample 1 (the silver-plated lead frame part of
the present invention), sample 2 (a comparative example),
and sample 3 (a conventional example) was measured using
a visible-ultraviolet spectrophotometer, where a light
reflectance of barium sulfate is 100.

Sample 1 has the construction described above.

Sample 2 is formed by applying copper strike plating
and silver plating that has a thickness of 3um to a copper
alloy thinplateasa lead framebody, inthisorder. Sample
2 is used as a comparative example that can deliver a light
reflectance similar to the present invention, by
single-layer silver plating.

Sample 3 is a conventional lead frame. Sample 3 is
formed by applying nickel plating of 1.0 to 1.2um in
thickness, palladium plating of 0.03um in thickness, and

gold flash plating of 0.008um in thickness to a copper

10
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alloy thin plate as a lead frame body, in this order.

As shown in the graph, the silver-plated lead frame
part of the present iﬁvention.has a light reflectance that
is at least 25% higher than that of the conventional example
and a little higher than that of the comparative example,
for visible light of 400 to 700nm in Waveiength.
(Resin Adhesiveness)

Also, the inventors of the present invention measured
a shear adhesive strength of the contact surfaces of a
resin which forms the base and a palladium-plated lead
frame part and a shear adhesive strength of the contact
surfaces of the resin and a silver-plated lead frame part.
As a result, the inventors found that the shear adhesive
strength of the resin and the palladium-plated lead frame
part is greater than that of the resin and the silver-plated
lead frame part. In view of this, sdlver plating is
provided only partially in the inner part, that is, silver
plating is provided in the inner part except a part of
the area that is enclosed with the base.

Asaresult, theresinadherestothepalladiumplating
layer through the gold flash plating layer, in the portion
of the inner part which is not plated with silver. This
produces a greater shear adhesive strength than in the
portion of the inner part which is plated with silver.

Since the gold flash plating layer is extremely thin, it

11
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does not significantly affect the shear adhesive strength.

The inventors of the present invention conducted an
experiment of soaking samples 1 and 2 in red ink under
the same conditions. As a result, red ink did not seep

5 into sample 1 which is not plated with silver in part of
the area enclosed with the base, whilst red ink seeped
into sample 2 which is entirely plated with silver.
(Other Properties)

In addition, each of the plating layers of the lead

10 frame has the following excellent properties.

The silver plating not only achieves an excellent
light reflectance as described above, but also has
excellent connectivity with the semiconductor
light-emitting element mounted thereon and a high wire

15 bonding efficiency.

The gold flash plating has a high thermal stability,
which enhances the soldering efficiency of the outer part.

The palladium plating has a high chemical stability,
and so exhibits an excellent resistance to corrosion under

20 high-temperature environments.

The nickel plating serves as base plating, and
cohtributes to a high wire bonding efficiency, a high
leadless solderingefficiency, a highcorrosionresistance,
and a high adhesive strength with the resin that forms

26 the package.

12
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As described above, the lead frame of the present
inventionhasacharacteristicconstructioninwhichsilver
or silver-alloy plating is appliedas the outermost coating
oftheinnerpart,toachieveafavorablelightreflectaﬁce.

In the above embodiment, this characteristic
construction is realized by coating the lead frame body
substantially entirely with nickel plating, palladium
plating, and gold flash plating in this order, and further
coating theinner part of the lead framewithsilverplating.
However, the construction of the present invention can
equally be realized by coating the lead frame body
substantially entirely with nickel plating, palladium
plating, and silver plating, and further coating the outer
part of the lead frame with gold flash plating. Hence this
lead frame is included in the present invention, too.

In the above embodiment, each of the metal coatings
applied to the lead frame body is referred to as plating
for the sake of simplicity. However, the metal coating
method of the present invention is not limited to plating.
For example, the metal coatings may be formed using a known
metal coating method such as electroplating, chemical
plating, evaporation, sputtering, or diffusion.

Here, to coat a desired area with a metal, a
conventional method such as masking or blasting is

applicable.

13
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INDUSTRIAL APPLICABILITY

The present invention can be used for a semiconductor
light-emitting device that requires a high luminous
efficiency, such as an LED device employed in lighting,

indication, decoration, communication, and the like.

14
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CLAIMS

1. A lead frame for a semiconductor device, comprising:

a lead frame body; and

5 a plurality of metal coatings which include a silver

or silver-alloy coating and are applied to the lead frame

body,

wherein the silver or silver-alloy coating is an

outermost metal coating of a predetermined part of the

10

15

20

lead frame, the predetermined part being to be enclosed
with a package of the semiconductor device.
2. The lead frame of Claim 1,

wherein the plurality of metal coatings further
include a gold or.gold-alloy coating which is an outermost
metal coating of a part of the lead frame other than the
predetermined part.
3. The lead frame of Claim 2,

wherein the gold or gold-alloy coating substantially
entirely covers the lead frame body, and

the silver or silver-alloy coating is applied over
the gold or gold-alloy coating only in the predetermined
part.

25
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4. The lead frame of Claim 3,

wherein the plurality of metal coatings further
include a nickel or nickel-alloy coating and a palladium
or palladium-alloy coating, and

the nickel or nickel-alloy coating, the palladium
orpalladium-alloycoating, thegoldorgold-alloycoating,
and the silver or silver-alloy coating are applied in the
stated order, with the nickel or nickel-alloy coating and
the palladium or palladium-alloy coating substantially

entirely covering the lead frame body.

5. The lead frame of Claim 2,
wherein the silver or silver-alloy coating
substantially entirely covers the lead frame body, and
the gold or gold-alloy coating is applied over the
silver or silver-alloy coating only in the part of the

lead frame other than the predetermined part.

6. The lead frame of Claim 5,

wherein the plurality of metal coatings further
include a nickel or nickel-alloy coating and a palladium
or palladium-alloy coating, and

the nickel or nickel-alloy coating, the palladium
or palladium-alloy coating, the silver or silver-alloy

coating, and the gold or gold-alloy coating are applied

16
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inthestatedorder,Withthenickelornickel—alloycoating
andthepalladiumorpalladium-alloycoatingsubstantially

entirely covering the lead frame body.

7. The lead frame of Claim 1,
wherein the silver or silver-alloy coating has a

thickness of 0.lum or more.

8. The lead frame of Claim 1, to which a base that is a
part of the package is inserted with a portion of the

predetermined part being enclosed with the base.

9. The lead frame of Claim 8,
whereinthesilverorsilver-alloycoatingisapplied
except at least one part of the portion enclosed with the

base.
10. The lead frame of Claim 1, on which a semiconductor

light-emitting element is mounted to form a semiconductor

light-emitting device.

17
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