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1. 

LIGHT-EMITTING DEVICE 

The present application is based on Japanese patent appli 
cation No. 2012-1274.10 filed on Jun. 4, 2012, the entire 
contents of which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention relates to a light-emitting device. 
2. Related Art 
A conventional light-emitting device is known that uses a 

thermosetting resin Such as epoxy resin or silicone resin as a 
material for sealing a light-emitting element (see, e.g., JP-A- 
2010-199229). 

In general, a thermosetting resin Such as epoxy resin or 
silicone resin is poured into a recessed portion of a resin case 
having a light-emitting element placed therein and is then 
cured by heating. However, Such a thermosetting resin has a 
disadvantage in that it is cured before being poured into the 
resin case during a manufacturing process since viscosity 
increases due to reaction which proceeds gradually even at 
room temperature and this produces a portion which has to be 
discarded. This increases a manufacturing cost of the sealing 
material, as a result. 
On the other hand, a radical polymerizable resin, which is 

stable at room temperature and is instantaneously and pro 
gressively polymerized at a high temperature, is known. 
However, it is known that cure inhibition caused by oxygen is 
likely to occur on a surface of the radical polymerizable resin 
in contact with the air, which causes insufficient curing and 
likely causes tackiness (see, e.g., JP-A-2007-184404). 
Accordingly, in case that the radical polymerizable resin is 
used as a sealing material, there is a problem that it is neces 
sary to eliminate oxygen by flowing an inert gas such as 
nitrogen gas into a hardening furnace and this increases the 
manufacturing cost. 

SUMMARY OF THE INVENTION 

It is an object of the invention to provide a highly reliable 
light-emitting device having a sealing material of which 
manufacturing cost is suppressed. 
(1) According to one embodiment of the invention, a light 
emitting device comprises: 

a light-emitting element; and 
a sealing material for sealing the light-emitting element, 
wherein the sealing material comprises a first layer com 

prising a radical polymerizable resin and a second layer 
comprising a non-radical polymerizable resin, the first 
layer being in contact with the light-emitting element 
and the second layer covering an upper Surface of the 
first layer. 

In the above embodiment (1) of the invention, the follow 
ing modifications and changes can be made. 

(i) The non-radical polymerizable resin comprises a ther 
mosetting resin. 

(ii) The non-radical polymerizable resin comprises a non 
radical polymerizable silicone resin. 

(iii) The non-radical polymerizable resin comprises a non 
radical polymerizable epoxy resin. 

(iv) A thickness of the thinnest portion of the first layer is 
greater than a thickness of the thickest portion of the 
second layer. 

(v) The light-emitting device further comprises a case cov 
ering an entirety of a side Surface and a bottom face of 
the first layer of the sealing material. 
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2 
(vi) The non-radical polymerizable resin of the second 

layer comprises one of a resin containing a benzene ring 
and a resin containing an alicyclic skeleton. 

(vii) The non-radical polymerizable resin of the second 
layer comprises one of phenyl silicone and organic 
modified silicone. 

(viii) The light-emitting device further comprises a bond 
ing wire to feed the light-emitting element therethrough, 

wherein the bonding wire is entirely enclosed in the first 
layer of the sealing material. 

(ix) The second layer has a thickness of 20 um to 500 um. 

Points of the Invention 

According to one embodiment of the invention, a light 
emitting device is constructed such that the first layer of the 
sealing material is formed of a radical polymerizable resin 
and the second layer formed of a non-radical polymerizable 
resin is formed to cover the upper surface of the first layer. 
With the first layer formed of the radical polymerizable resin, 
it is possible to reduce the waste amount of the resin material 
since it is stable at a room temperature. In addition, the second 
layer of the non-radical polymerizable resin can Suppress the 
insufficient curing of the first layer since it blocks the permis 
sion of oxygen. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Next, the present invention will be explained in more detail 
in conjunction with appended drawings, wherein: 

FIG. 1 is a vertical cross-sectional view showing a light 
emitting device in an embodiment. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Embodiment 

FIG. 1 is a vertical cross-sectional view showing a light 
emitting device in the embodiment. A light-emitting device 
10 has a light-emitting element 2 mounted on a lead frame 1 
and a sealing material 6 for sealing the light-emitting element 
2. The lead frame 1, the light-emitting element 2 and the 
sealing material 6 are formed in a case 5. 
The entire lead frame 1 or a surface thereof is formed of 

e.g., Ag, Cu or Al. 
The light-emitting element 2 is, e.g., an LED chip, etc. 

Non-illustrated n- and p-electrodes of the light-emitting ele 
ment 2 are connected to the lead frame 1 via wires 3 (wire 
bonding). In addition, the light-emitting element 2 is fixed to 
the lead frame 1 by a die bonding paste 4. 
The light-emitting device 10 shown in FIG. 1 is a top-view 

type Surface mount device using a face-up type LED chip as 
the light-emitting element 2, but may alternatively have 
another configuration Such as side view type, bullet type or 
COB (Chip on Board) type. In addition, the light-emitting 
element 2 is not limited to a face-up type and may be, e.g., a 
flip-chip type. 
The sealing material 6 has a first layer 6a which is formed 

of a radical polymerizable resin and is in contact with the 
light-emitting element 2 and a second layer 6b which is 
formed of a non-radical polymerizable resin and covers an 
upper surface of the first layer 6a. 
A radical polymerizable resin and a non-radical polymer 

izable resin each in a liquid form are sequentially potted in the 
case 5 and are Subsequently cured by heating, thereby form 
ing the first layer 6a and the second layer 6b. Here, the 
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non-radical polymerizable resin of the second layer 6b is 
injected in the state that the radical polymerizable resin of the 
first layer 6a is not completely cured and the both resins are 
then cured, thereby allowing adhesion between the first layer 
6a and the second layer 6b to be enhanced. 
The radical polymerizable resin constituting the first layer 

6a is, e.g., Aronix manufactured by Toagosei Co., Ltd. or 
Diallyl Phthalate (DAP) manufactured by Daiso Co., Ltd. 
Benzoyl peroxide or dicumyl peroxide, etc., is added as an 
initiator of radical polymerization. Note that, the first layer 6a 
may be formed of two or more types of radical polymerizable 
resins. 

Since the radical polymerizable resin is stable at room 
temperature (e.g., 25°C.) and is instantaneously and progres 
sively polymerized and cured at a high temperature, it is less 
likely to be cured before being poured into the case 5 and it is 
possible to Suppress a waste amount. In addition, since poly 
merization reaction in the radical polymerizable resin can be 
effectively and instantaneously completed at a high tempera 
ture, change in characteristics of the first layer 6a due to 
progress of the reaction does not occur when the light-emit 
ting device 10 is activated and it is thus possible to improve 
reliability of the light-emitting device 10. 

Meanwhile, although cure inhibition caused by oxygen is 
likely to occur at a surface of the radical polymerizable resin 
in contact with the air, it is possible to Suppress contact 
between the first layer 6a formed of the radical polymerizable 
resin and the air in the present embodiment since the upper 
surface of the first layer 6a is covered with the second layer 
6b. Accordingly, elimination of oxygen by flowing an inert 
gas such as nitrogen gas into a hardening furnace is not 
required at the time of forming the first layer 6a, which allows 
the manufacturing cost to be suppressed. Note that, since side 
and bottom surfaces of the first layer 6a are covered by the 
case 5, there is nearly no risk of coming into contact with 
OXygen. 
The non-radical polymerizable resin constituting the sec 

ond layer 6b is, e.g., a non-radical polymerizable silicone 
resin or a non-radical polymerizable epoxy resin. Alterna 
tively, an epoxy/silicone hybrid resin having an epoxy group 
in the silicone backbone may be used. Note that, the second 
layer 6b may be formed of two or more types of non-radical 
polymerizable resins. 

Although the second layer 6b can be formed of a thermo 
plastic resin, it is more preferable to use a thermosetting resin 
than to use a thermoplastic resin since it is easy to handle. 

In addition, the non-radical polymerizable resin constitut 
ing the second layer 6b is preferably formed of a resin having 
high gas barrier properties in order to prevent permeation of 
oxygen and to thereby suppress contact of oxygen with the 
first layer 6a formed of the radical polymerizable resin. As the 
resin having high gas barrier properties, it is possible to use, 
e.g., a resin containing a benzene ring or a resin containing an 
alicyclic skeleton. 
Among non-radical polymerizable silicone resins, for 

example, phenyl silicone and organic-modified silicone have 
higher gas barrier properties than dimethyl silicone and are 
better as the material of the second layer 6b since yellowing is 
less caused by heat or light. In addition, the non-radical poly 
merizable epoxy resin has higher gas barrier properties than 
the non-radical polymerizable silicone resin and is better as 
the material of the second layer 6b. 

In the present embodiment, even a non-radical polymeriz 
able resin, which cannot be used to form the entire sealing 
material 6 due to viscosity which increases to some extent at 
room temperature, can be used to form the second layer 6b as 
a part of the sealing material 6. Therefore, it is possible to 
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4 
Suppress the waste amount of the non-radical polymerizable 
resin. This is because, for example, a decrease in a resin 
injection rate due to an increase in Viscosity has less impact 
since the second layer 6b is much thinner than the entire 
sealing material 6 and an injected amount of the resin is Small, 
and also, it is possible to easily embed the resin even if 
viscosity of the resin is high (voids, etc., are less likely to be 
generated) since a region of the first layer 6a in which the 
second layer 6b is formed has a more gently sloped shape than 
the inner shape of the case 5. 
A thickness of the thinnest portion of the first layer 6a (e.g., 

a thickness at the center) is larger than a thickness of the 
thickest portion of the second layer 6b (e.g., a thickness at the 
center). This is to reduce the waste amount of the resin and to 
improve reliability of the light-emitting device 10 by forming 
the most part of the sealing material 6 from the first layer 6a 
made of the radical polymerizable resin. In addition, since the 
thinner second layer 6b makes embedment of resin easier and 
also allows the non-radical polymerizable resin with Viscos 
ity increased to Some extent at room temperature to be used as 
a material of the second layer 6b as described above, it is 
possible to reduce the waste amount of the resin. In addition, 
since the second layer 6b is thin and the injected amount of the 
resin is small, it is possible to form the second layer 6b by 
printing a liquid-form resin before curing or by attaching a 
film-form resin on/to the first layer 6a. 

In addition, it is preferable that the wire 3 be not in contact 
with an interface between the first layer 6a and the second 
layer 6b. In other words, it is preferable that the entire wire 3 
be present in the first layer 6a. This is because, when the wire 
3 is in contact with the interface between the first layer 6a and 
the second layer 6b, damages may be caused by stress gen 
erated at the interface. 
The thickness of the second layer 6b is preferably not less 

than 20 um and not more than 500 um. This is because it may 
not be possible to effectively suppress contact of oxygen with 
the upper surface of the first layer 6a when the thickness of the 
second layer 6b is Smaller than 20 um and, when greater than 
500 um, Viscosity characteristics of the non-radical polymer 
izable resin constituting the second layer 6b is limited due to 
time required for a manufacturing process, which decreases 
the degree of freedom of choosing a resin used for the second 
layer 6b. 
The sealing material 6 may contain a phosphor. In addition, 

a dispersant for dispersing the phosphor may be contained 
therein. The phosphor may be dispersed in the sealing mate 
rial 6 or may be settled at the bottom of the recessed portion 
of the case 5. 

In addition, the sealing material 6 may contain a filler. A 
filler content is not specifically limited. The filler is preferably 
excellent in heat resistance from the viewpoint of manufac 
turing conditions or performance of the light-emitting device 
10 and can be preferably used under the temperature condi 
tion of, e.g., not less than 150° C. In addition, the filler in 
which yellowing is less caused by heat or light is preferable. 
It is possible to use a transparent filler Such as silica, silicone, 
glass beads or glass fiber, etc., or a whitefiller Such as titanium 
oxide or potassium titanate, etc. The shape of the filler is not 
limited and is, e.g., a granular shape, a spherical shape, a 
scale-like shape, a rod-like shape or a fibershape. As a reflec 
tive material, it is preferable to use a white filler or multiple 
fillers having different refractive indices and it is particularly 
preferable to use titanium oxide or potassium titanate in view 
of heat resistance, light resistance and reflectivity. 

Effects of the Embodiment 

In the present embodiment, the first layer 6a constituting 
the most part of the sealing material 6 is formed of the radical 



US 9,123,646 B2 
5 

polymerizable resin and it is thereby possible to reduce the 
waste amount of the resin material and also to improve reli 
ability of the light-emitting device 10. In addition, the second 
layer 6b made of the non-radical polymerizable resin which is 
formed to cover the upper surface of the first layer 6a allows 
insufficient curing of the first layer 6a to be suppressed. 
The present invention is not intended to be limited to the 

above-mentioned embodiment, and the various kinds of 
modifications can be implemented without departing from 
the gist of the invention. 

In addition, the invention according to claims is not to be 
limited to the above-mentioned embodiment. Further, it 
should be noted that all combinations of the features 
described in the embodiment are not necessary to solve the 
problem of the invention. 
What is claimed is: 
1. A light-emitting device, comprising: 
a light-emitting element; and 
a sealing material for sealing the light-emitting element, 
wherein the sealing material comprises a first layer com 

prising a radical polymerizable resin as a matrix material 
and a second layer comprising a non-radical polymeriz 
able resin, the first layer being in contact with the light 
emitting element and the second layer covering an upper 
surface of the first layer, and 

wherein the radical polymerizable resin comprises a mate 
rial other than a silicone resin and an epoxy resin. 

2. The light-emitting device according to claim 1, wherein 
the non-radical polymerizable resin comprises a thermoset 
ting resin. 

3. The light-emitting device according to claim 2, wherein 
the non-radical polymerizable resin comprises a non-radical 
polymerizable silicone resin. 

4. The light-emitting device according to claim3, wherein 
a thickness of a thinnest portion of the first layer is greater 
than a thickness of a thickest portion of the second layer. 

5. The light-emitting device according to claim 2, wherein 
the non-radical polymerizable resin comprises a non-radical 
polymerizable epoxy resin. 

6. The light-emitting device according to claim 1, further 
comprising: 

a case, 
wherein the case covers an entirety of a side Surface and a 

bottom face of the first layer of the sealing material. 
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7. The light-emitting device according to claim 1, wherein 

the non-radical polymerizable resin of the second layer com 
prises one of a resin containing a benzene ring and a resin 
containing an alicyclic skeleton. 

8. The light-emitting device according to claim 1, wherein 
the non-radical polymerizable resin of the second layer com 
prises one of phenyl silicone and organic-modified silicone. 

9. The light-emitting device according to claim 1, further 
comprising: 

a bonding wire to feed the light-emitting element there 
through, 

wherein the bonding wire is entirely enclosed in the first 
layer of the sealing material. 

10. The light-emitting device according to claim 1, wherein 
the second layer has a thickness of 20 um to 500 Lum. 

11. The light-emitting device according to claim 1, wherein 
the first layer comprises a resin Substantially consisting of the 
radical polymerizable resin. 

12. The light-emitting device according to claim 1, wherein 
the second layer is formed on an upper surface of the first 
layer, and forms a gas barrier which prevents oxygen from 
contacting the Surface of the first layer. 

13. The light-emitting device according to claim 1, wherein 
the first layer comprises a plurality of types of radical poly 
merizable resins. 

14. The light-emitting device according to claim 1, wherein 
the second layer comprises a plurality of types of non-radical 
polymerizable resins. 

15. The light-emitting device according to claim 1, wherein 
the non-radical polymerizable resin comprises an epoxy and 
silicone hybrid resin. 

16. The light-emitting device according to claim 1, wherein 
the second layer covers an entirety of the first layer. 

17. The light-emitting device according to claim 1, wherein 
a thickness of the first layer is greater than a thickness of the 
second layer. 

18. The light-emitting device according to claim 1, wherein 
the radical polymerizable resin comprises a resin in which 
radical polymerization is initiated by adding an initiator. 

19. The light-emitting device according to claim 1, wherein 
the radical polymerizable resin is stable at room temperature. 
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