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(37) ABSTRACT

A wiring board for light-emitting element, comprising a
ceramic insulating substrate, and a conductor layer formed
on the surface or in the 1nside of the insulating substrate, and
having a mounting region mounting a light-emitting element
on one surface of the insulating substrate; wherein the
insulating substrate 1s provided with a heat-conducting pole-
like conductor having a thermal conductivity higher than
that of said insulating substrate; and the heat-conducting
pole-like conductor 1s extending through the insulating
substrate 1 the direction of thickness thereof from the
light-emitting element mounting region of the insulating
substrate, and 1s formed by the co-firing with the nsulating,
substrate. The wiring board 1s produced inexpensively by
co-firing, features excellent heat-radiating performance, 1s
capable of quickly radiating the heat from the light-emitting
clement when the light-emitting element 1s mounted, and
cllectively prevents a decrease in the brightness of the
light-emitting element caused by the heat.
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WIRING BOARD FOR LIGHIT-EMITTING
ELEMENT

TECHNICAL FIELD

[0001] The present invention relates to a wiring board for
mounting a light-emitting element such as a light-emitting

diode (LED).

BACKGROUND ART

[0002] So far, a light-emitting device obtained by mount-
ing an LED on a wiring board features a very high light-
emitting efliciency, emits light producing heat in amounts
smaller than that of incandescent lamps, and has been used
for a variety ol applications. However, the light-emitting
device of this kind emaits light in amounts smaller than those
of incandescent bulbs and fluorescent lamps, and 1s used not
for 1llumination purposes but as a source of light of an
indicator consuming a current which 1s as very small as
about 30 mA. The light-emitting device of this kind con-
sumes a small electric power generating a small amount of
heat, and has, hence, been realized chiefly i a structure of
a so-called bullet type by burying the light-emitting element
(LED) 1n a plastic insulating substrate (see patent document

).

[0003] Accompanying the development of a light-emitting
clement featuring a high brightness and white light in recent
years, further, the light-emitting device has been much used
as a back light for cell phones and large liquid crystal TVs.
However, an increase in the brightness of the light-emitting
clement 1s accompanied by an increase 1n the heat generated
by the light-emitting device. To prevent a decrease in the
brightness of the light-emitting element, therefore, 1t 1s
becoming necessary to provide a wiring board for light-
emitting element capable of quickly and highly radiating the
heat produced by the light-emitting element (see patent
documents 2 and 3).

0004] Patent document 1: JP-A-2002-124790

0005] Patent document 2: JP-A-11-112025

0006] Patent document 3: JP-A-2003-347600
DISCLOSURE OF THE INVENTION

[0007] The wiring board used for a light-emitting element

includes a conductor layer on the surface or in the mnside of
a flat insulating substrate, and has such a structure that the
light-emitting element 1s mounted on one surface of the
insulating substrate. The insulating substrate used for the
wiring board 1s 1 many cases made of alumina. The
insulating board made of alumina has a coetlicient of ther-
mal expansion of about 7.0x107°%/° C. and a difference in the
coellicient of thermal expansion from the printed board does
not cause any practical problem. Therefore, excellent con-
nection reliability 1s obtained between the two. However, the
alumina has a thermal conductivity of as low as about 15
W/m-K. To substitute for the alumina, therefore, attention
has now been given to the aluminum nitride having a high
thermal conductivity. However, the aluminum nitride 1s
accompanied by such defects that the starting material
thereol 1s expensive, that the firing must be effected at a high
temperature since i1t can be sintered diflicultly and that the
process cost 1s high. Besides, due to 1ts coeflicient of thermal
expansion which is as small as 4 to 5x107°%/° C., the wiring
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board using the aluminum nitride insulating substrate
arouses a problem of deteriorating the connection reliability
when 1t 1s mounted on a general-purpose printed board
(having a coethlicient of thermal expansion of not smaller
than 10x107%/° C.) due to a difference in the thermal
expansion.

[0008] On the other hand, an insulating substrate made of
a resin has a coetlicient of thermal expansion close to that of
the printed board and poses no problem concerning the
reliability of mounting the printed board, but has a thermal
conductivity which 1s as very low as 0.05 W/m-K, and 1s not
quite capable of coping with the problem related to the heat.
When used in the near ultraviolet-ray band for extended
periods of time, therefore, the insulating board 1s blackened
causing a decrease in the brightness of the light-emitting
clement.

[0009] Thus, there has not yet been provided a wiring
board for light-emitting element, which 1s 1nexpensive
exhibiting excellent thermal conductivity and excellent
mounting reliability.

[0010] It 1s, therefore, an object of the present invention to
provide a wiring board for light-emitting element, which 1s
inexpensive featuring excellent heat-radiating performance
and reliable mounting.

[0011] Another object of the present invention is to pro-
vide a light-emitting device mounting a light-emitting ele-
ment on the wiring board.

[0012] According to the present invention, there is pro-
vided a wiring board for light-emitting element, comprising
a ceramic insulating substrate, and a conductor layer formed
on the surface or in the 1nside of the msulating substrate, and
having a mounting region mounting a light-emitting element
on one surface of the mnsulating substrate; wherein

[0013] the insulating substrate is provided with a heat-
conducting pole-like conductor having a thermal conductiv-
ity higher than that of the sulating substrate; and

[0014] the heat-conducting pole-like conductor 1s extend-
ing through the insulating substrate in the direction of
thickness thereof from the light-emitting element mounting,
region of the insulating substrate, and 1s formed by co-firing
with the msulating substrate.

[0015] In the wiring board for light-emitting element of
the present invention, the heat-conducting pole-like conduc-
tor having a thermal conductivity higher than that of the
insulating substrate 1s extending through the msulating sub-
strate enabling the heat generated by the light-emitting
clement to be quickly radiated out of the wiring board.
Therefore, the light-emitting element 1s effectively sup-
pressed from being excessively heated preventing a decrease
in the brightness of the light-emitting element or enhancing
the brightness of the light-emitting element.

[0016] Besides, the insulating substrate made of ceramics
has a higher thermal conductivity than that of a substrate
made by molding a resin, and features excellent heat-
radiating performance without exhibiting a change in the
molecular structure that 1s caused by the heat generated from
the source of light or by the light emitted from the source of
light even after the passage of an extended period of time,
without almost causing a change 1n the color tone (black-
ening, etc.) or deterioration 1n the characteristics, and main-
taining high reliability.



US 2008/0043444 Al

[0017] In the present invention, the insulating substrate
can be formed by firing at any temperature. Here, use of a
high temperature-firing insulating substrate having a firing,
temperature of higher than 1050° C. 1s advantageous from
the standpoint of enhancing the thermal conductivity while
use of a low temperature-firing insulating substrate having a
firing temperature of not higher than 1050° C. 1s advanta-
geous from such a standpoint that the wiring layer of a
low-resistance conductor such as of gold, silver or copper
can be formed by the co-firing.

[0018] It is desired that the surface of the insulating
substrate on the side of the light-emitting element mounting
region has a total reflection factor of not lower than 70% to
prevent light of the light-emitting element from transmaitting
through the insulating substrate or from being absorbed by
the mnsulating substrate, and to enhance the light-emitting
ciliciency.

[0019] The heat-conducting pole-like conductor 1s extend-
ing through the insulating substrate from the region on
where the light-emitting element 1s mounted to quickly
radiate the heat generated by the light-emitting element. It 1s
desired that the heat-conducting pole-like conductor has a
plane sectional area greater than the mounting area (corre-
sponds to the bottom surface of the light-emitting element)
on where the light-emitting element 1s mounted. This
increases the heat-radiating portion enabling the heat gen-
crated by the light-emitting element to be more quickly
radiated.

[0020] It is further desired that the boundary portion
between the end surface of the heat-conducting pole-like
conductor and the surface of the imnsulating substrate, and the
vicinity thereof, are covered with a boundary protection
layer formed by at least one of those selected from the group
consisting of a metal, ceramics and a resin. Provision of the
boundary protection layer works to relax the diflerence in
the thermal expansion between the pole-like conductor and
the mnsulating substrate and to suppress the occurrence of
cracks on the boundary.

10021] It 1s further desired that the end surface of the
heat-conducting pole-like conductor on the side of the
mounting region (end surface of the upper side) and the
peripheral edges thereot are covered with a covering layer
containing a metal or a resin and that the end surface of the
heat-conducting pole-like conductor on the side opposite to
the side of the mounting region (end surface of the lower
side) and the peripheral edges thereof are covered with a
covering layer containing at least one of those selected from
the group consisting of a metal, ceramics and a resin.
Provision of the covering layer on the end surface on the
upper side of the heat-conducting pole-like conductor or on
the end surface on the lower side thereof, too, makes it
possible to relax the difference in the thermal expansion
between the pole-like conductor and the insulating substrate
and to suppress the occurrence of cracks on the boundary
between the end surface of the pole-like conductor and the
insulating substrate.

[10022] It 1s further desired that the heat-conducting pole-
like conductor has a thermal conductivity of not smaller than
80 W/m-K from the standpoint of quickly radiating the heat
generated by the light-emitting element.

10023] Further, it is desired that the heat-conducting pole-
like conductor 1s formed by using a metal material and a
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ceramic material. Use of the metal/ceramic pole-like con-
ductor makes 1t easy to control, for example, the coetlicient
of thermal expansion. Upon bringing the coeflicient of
thermal expansion close to that of the insulating substrate, 1t
1s made possible to suppress the occurrence of cracks caused
by the mismatching in the thermal expansion from the from
that of the insulating substrate. It 1s further allowed to
increase the adhering strength between the pole-like con-
ductor and the insulating substrate, which 1s advantageous
even from the standpoint of conducting the co-firing with the
insulating substrate.

[10024] In the present invention, the heat-conducting pole-
like conductor can be incorporated 1n a portion of the electric
circuit. In this case, no conduction terminal i1s necessary
offering advantage from the standpoint of decreasing the
s1ze of the wiring board for light-emitting element.

[0025] The heat-conducting pole-like conductor may be
formed by using a plurality of layers having diflerent coet-
ficients of thermal expansion or different thermal conduc-
tivities. When the heat-conducting pole-like conductor 1s
formed relying upon the above laminated-layer structure, the
coellicients of thermal expansion and the thermal conduc-
tivities of the layers are varied, e.g., a difference in the
thermal expansion 1s decreased between the layer on the side
of the mounting region and the light-emitting element that 1s
mounted. In this case, the layer of the lower side is set to
possess a high thermal conductivity irrespective of the
coellicient of thermal expansion to enhance the heat-radiat-
ing performance yet maintaining reliability.

[0026] In the light-emitting device mounting the light-
emitting element on the wiring board for light-emitting
clement of the present mvention as described above, heat
generated by the light-emitting element can be quickly
radiated out of the device, suppressing a decrease in the
brightness caused by heat generated by the light-emitting
clement.

BRIEF DESCRIPTION OF THE DRAWINGS

[10027] FIGS. 1(a) and 1(b) are sectional views illustrating
a representative structure of a wiring board for light-emitting
clement according to the present invention;

[0028] FIG. 2 is a sectional view illustrating another
wiring board for light-emitting element according to the
present 1nvention;

[10029] FIGS. 3(a) and 3(b) are sectional views illustrating

a Turther wiring board for light-emitting element according
to the present invention;

[0030] FIG. 4 is a view 1llustrating preferred examples of
the shape of the side surface of a heat-conducting pole-like
conductor formed on the wiring board for light-emitting
clement according to the present invention;

[0031] FIG. 5 1s a view illustrating a conductor layer that
1s provided when there 1s formed a step 1n the side surface
of the heat-conducting pole-like conductor;

10032] FIG. 6 is a view illustrating a method of incorpo-
rating a pole-like conductor 1n an insulating substrate 1n the
wiring board for light-emitting element according to the
present 1nvention;

[0033] FIG. 7 1s a view illustrating another method of
incorporating a pole-like conductor in an insulating substrate
in the wiring board for light-emitting element according to
the present invention; and
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[0034] FIG. 8 is a view illustrating a sectional structure of
a light-emitting element mounting a light-emitting element
on the wiring board for light-emitting element of FIG. 1.

BEST MODE FOR CARRYING OUT TH.
INVENTION

(L]

| Wiring Board for Light-Emitting Flement]

10035] In FIGS. 1(a) and 1(b) illustrating a representative

structure of a wiring board for light-emitting element of the
present invention, the wiring board generally designated at
11 includes a ceramic insulating substrate 1, conductor
layers (connection terminals) 3a and 35 formed on one
surface 1a of the insulating board 1, conductor layers
(external electrode terminals) 5 formed on the other surface
15 of the msulating substrate 1, and via-conductors 7 formed
through the insulating substrate 1 so as to electrically
connect the conductor layers 3a, 36 to the conductor layers

S.

[0036] On the surface 1la of the insulating substrate 1,
there 1s formed a mounting region 9 between one conductor
layer 3a and another conductor layer 356 for mounting a
light-emitting element that will be described later. That 1is,
the conductor lavers 3a and 35 are electrically connected to
the light-emitting element (not shown i FIGS. 1(a) and
1(6)) mounted on the mounting region 9, and work as
connection terminals. Further, the conductor layers § are
clectrically connected to an external circuit board such as a
printed board and work as external electrode terminals. As
will be described later, therefore, the light-emitting element
mounted on the mounting region 9 1s electrically connected
to the external circuit board through the conductor layers 3a,
35, via-conductors 7 and conductor layers 3. In the follow-
ing description, therefore, the conductor layers 3a, 356 are
called connection terminals, and the conductor layers 5 are
called external electrode terminals.

[0037] The above connection terminals 3a, 35 and the
external electrode terminals 5 are formed by using various
metals, and are, usually, formed by using at least-one of W,
Mo, Cu or Ag as a chief component. When the connection
terminals 3a, 35 and the external electrode terminals 5a are
formed by using such a metal material, there 1s obtained an
advantage 1n that they can be formed by the co-firing with
the insulating substrate 1. Besides, the wiring board 11 for
light-emitting element can be produced inexpensively and
quickly.

[0038] In the present invention as illustrated in FIG. 1(d),
there can be provided a frame 13 for containing the light-
emitting element that 1s mounted so as to surround the
mounting region 9 and the conductor layers 3a, 35. The
frame 13 protects the light-emitting element mounted on the
mounting region 9, and makes 1t possible to easily arrange
a fluorescent body or the like surrounding the light-emitting
clement. It 1s further allowed to reflect light of the light-
emitting element by the frame 13 to guide 1t 1n a predeter-
mined direction. It 1s desired that the total reflection factor
of the inner wall of the frame 13 i1s not smaller than 70%,
particularly, not smaller than 80% and, most preferably, 85%
from the standpoint of suppressing the transmission or
absorption of light from the light-emitting element and
maintaining a high brightness.

Feb. 21, 2008

'Heat-Conducting Pole-Like Conductor 10]

0039] In the present invention, it is important that the
mounting region 9 1s provided with the heat-conducting
pole-like conductor 10 which 1s extending through the
insulating substrate 1. The heat-conducting pole-like con-
ductor 10 1s formed by using a material having a thermal
conductivity higher than that of the ceramics forming the
insulating substrate and, concretely, by using a metal such as
W, Mo, Cu or Ag (or 1s often formed by using a composite
material of a metal and ceramics as will be described later).
As shown in FIGS. 1(a) and 1(b), the heat-conducting
pole-like conductor 10 extends from the mounting region 9
up to the surface 15 on the opposite side of the nsulating
substrate 1 penetrating through the insulating substrate 1 1n
the direction of thickness thereof. The heat-conducting pole-
like conductor 10 1s formed by the co-firing with the
insulating substrate 1. Namely, i the wiring board of the
invention, the pole-like conductor 10 having a thermal
conductivity higher than that of the insulating substrate 1
extends from the mounting region 9 through the msulating
substrate 1 enabling the heat generated by the light-emitting
clement to be quickly radiated through the pole-like con-
ductor 10 which serves as a heat conducting passage and,
hence, preventing the light-emitting element from being
excessively heated and preventing a decrease in the bright-
ness of the light-emitting element.

[0040] Referring to FIGS. 1(a) and 1(4), the pole-like
conductor 10 1s of the form of a block having a diameter of
as large as 500 um or greater, and 1s disposed 1n a number
of one or 1n a plural number 1n a manner that the upper end
surfaces thereol are positioned on the mounting region 9.
The pole-like conductor 10 may have any one of a circular
shape, an elliptic shape, a square shape or a polygonal shape
in plane cross section.

[0041] The pole-like conductor 10 of the shape of a block
of a large diameter 1s formed by pushing and fitting a
conductor sheet prepared by using a conducting slurry for
forming the pole-like conductor 10 into the ceramic green
sheet 1n a manner to penetrate through the ceramic green
sheet, and by co-firing the thus prepared composite molded
article (this method will be described later in detail). The
pole-like conductor 10 of the form of a block has a size like
that of, for example, the light-emitting element that 1s to be
mounted, 1.¢., has a diameter 1n excess of, for example, 1000
um, and 1s capable of realizing a very high heat-radiating
performance as compared to that of the one which 1s a
so-called thermal via. To obtain a high heat-radiating per-
formance, 1n particular, it 1s desired that the plane sectional
area ol the pole-like conductor 10 of the form of a block
(area of the end surface on the side of the mounting region
9) 1s greater than the mounting area (corresponds to the
bottom surface area) for mounting the light-emitting element
on the wiring board 11 and 1s, for example, not smaller than
1.1 times as great and, most preferably, not smaller than 1.2
times as great as the mounting area for mounting the
light-emitting element. An increase i1n the plane sectional
arca of the pole-like conductor of the form of a block 1is
accompanied by an increase in the heat-radiating portion
making 1t possible to more quickly radiate the heat generated
by the light-emitting element.

[0042] The pole-like conductor 10 illustrated in FIGS.
1(a) and 1(b) has electric conductivity and can be 1mcorpo-
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rated 1n a portion of the electric circuit. For example, upon
directly and electrically connecting the light-emitting ele-
ment that 1s mounted and the pole-like conductor 10
together, the connection terminals 3aq, 36 and the wia-
conductors 7 are no longer required, and the wiring board 11
for light-emitting element can be realized 1n a small size.
When the heat-conducting pole-like conductor 10 1s pro-
vided independently of the electric circuit, there 1s no
clectric connection between the heat-conducting pole-like
conductor 10 and the external circuit board such as a printed
board, and the mounting reliability 1s improved.

[0043] In the present invention, the above-mentioned
pole-like conductor 10 has a thermal conductivity higher
than that of the msulating substrate and, particularly, has a
thermal conductivity of not smaller than 80 W/m-K, prei-
erably, not smaller than 100 W/m-K, more preferably, not
smaller than 120 W/m-K, and, most preferably, not smaller
than 160 W/m-K. Upon providing the pole-like conductor 10
having a high thermal conductivity, the heat generated by the
light-emitting element can be directly and quickly radiated
making i1t possible to maintain stable the emission of light
from the light-emitting element, which 1s desirable from the
standpoint of preventing a decrease in the brightness of the
light-emitting element. The thermal conductivity of the
pole-like conductor 10 can be controlled by suitably select-
ing the kind of the metal forming i1t. For example, the
pole-like conductor 10 formed by using Cu or Cu—W
having a high thermal conductivity exhibits an increased
thermal conductivity. To maintain a high thermal conduc-
tivity as described above, 1t 1s desired that the Cu content in
the pole-like conductor 10 1s not smaller than 40% by
volume, particularly, not smaller than 50% by volume and,
more particularly, not smaller than 60% by volume.

[0044] In order to improve the reliability of adhesion
between the pole-like conductor 10 and the insulating sub-
strate 1, further, 1t 1s desired that the coeflicient of thermal
expansion (40 to 400° C.) of the pole-like conductor 10 1s
brought close to the coetlicient of thermal expansion of the
insulating substrate 1. For example, it 1s desired that the
coellicient of thermal expansion of the pole-like conductor
10 1s so adjusted that a difference Aa 1n the coeflicient of
thermal expansion between the mnsulating substrate 1 and the
pole-like conductor 10 is not larger than 4.0x107°/° C.,
preferably, not larger than 2.0x107°/° C. and, most prefer-
ably, not larger than 1.0x107°/° C. This is because the highly
reliable wiring board 11 for light-emitting element 1s
obtained upon preventing the mismatching in the thermal
expansion between the two. The coeflicient of thermal
expansion of the pole-like conductor 10 can be adjusted by
suitably selecting the kind of the metal. By using, for
example, Cu having a high thermal conductivity 1n combi-
nation with W having a coeflicient of thermal expansion
which 1s relatively small among the metals, 1t 1s allowed to
form the pole-like conductor 10 having a high thermal
conductivity and exhibiting a suppressed difference in the
coellicient of thermal expansion from the insulating sub-
strate 1. Upon forming the pole-like conductor 10 by using
a composite material of a metal and ceramics, further, it 1s
allowed to adjust the diflerence 1n the coeflicient of thermal
expansion between the two.

[0045] In the present invention, the above-mentioned
pole-like conductor 10 1s prepared by mixing a predeter-
mined metal powder (e.g., powder of Cu or W described
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above) with suitable amounts of an organic binder and an
organic solvent. So far as a thermal conductivity higher than
that of the insulating substrate 1 1s maintained, a mixed
powder of the metal powder and the ceramics powder (e.g.,
powder of ceramics for forming the insulating substrate 1)
may be prepared being mixed with the organic binder and
the organic solvent. So far as the conducting paste of the
above mixed powder 1s used, a high adhering strength is
accomplished between the pole-like conductor 10 and the
insulating substrate 1 through the co-firing with the ceramic
green sheet, and the pole-like-conductor 10 1s formed by
using a composite material of a metal and ceramics. In this
case, further, the mixing ratio of the metal powder and the
ceramic powder 1s adjusted to easily control the coeflicient
of thermal expansion, to bring the coeflicient of thermal
expansion of the pole-like conductor 10 close to that of the
insulating substrate 1, and to suppress the occurrence of
cracks caused by mismatching in the thermal expansion
between the msulating substrate and the pole-like conductor
10. It 1s desired that the content of the ceramic powder
(corresponds to the content of ceramics in the pole-like
conductor 10) 1n the mixed powder is, usually, not larger
than 5% by volume, particularly, not larger than 4% by
volume and, most desirably, not larger than 3% by volume
to maintain a high thermal conductivity. As the ceramics, 1t
1s most desired to use those ceramics that have been used for
forming the insulating substrate 1, as a matter of course.

[0046] Inthe present invention as shown in FIG. 2, further,
there can be provided boundary protection layers 15 cover-
ing the boundary portions between the end surfaces of the
pole-like conductor 10 and the isulating substrate 1 and
covering the vicinities thereol. The boundary protection
layers 15 are formed by using at least one of a metal,
ceramics or a resin. Provision of the boundary protection
layers 135 relaxes the difference in the thermal expansion
between the pole-like conductor 10 and the insulating sub-
strate 1, and suppresses the occurrence of cracks in the
boundary.

[0047] The composition of the boundary protection layer
15 can be suitably varied by taking into consideration the
difference 1n the thermal expansion between the pole-like
conductor 10 and the insulating substrate 1. By using, for
example, a metal or ceramics, the boundary protection layer
15 can be formed by the co-firing with the insulating
substrate 1 and the pole-like conductor 10. It 1s desired that
the above ceramics have the same composition as the
ceramics used for forming the insulating substrate 1 from the
standpoint of sintering property and adhesiveness between
the boundary protection layer 15 and the 1nsulating substrate
1. As the above metal, there can be used the one having the
same composition as that of the pole-like conductor 10 to
improve the sintering property and the adhesiveness
between the boundary protection layer 15 and the pole-like
conductor 10. From the standpoint of maintaining reliability
to the heat cycle, however, 1t 1s desired to use a metal having
a coellicient of thermal expansion smaller than that of the
insulating substrate 1. When, for example, the insulating
substrate 1 1s made of alumina, 1t 1s desired that Cu—W or
Mo 1s used as a metal for forming the boundary protection
layer. When the boundary protection layer 135 i1s used by
using a metal, further, 1t 1s desired to use ceramics in
combination since 1t makes 1t possible to control the behav-
ior of sintering and the coeflicient of thermal expansion.
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[0048] When a resin is used as the boundary protection
layer 15, the msulating substrate 1 and the pole-like con-
ductor 10 are formed by co-firing. Thereatter, the resin 1s so
printed as to cover the boundary between the insulating
substrate 1 and the pole-like conductor 10 followed by
curing thereby to form the boundary protection layer 15.
When the resin 1s used as the boundary protection layer 15,
there 1s contained a ceramic powder 1n an amount of 10 to
50% by volume in addition to the resin component to
improve the water resistance and heat-radiating performance
of the boundary protection layer 15.

10049] The above boundary protection layer 15 may have
a laminated-layer structure consisting of layers of different
materials. When, for example, the surface protection layer
15 1s formed by laminating a resin layer on the layer formed
by using metals and ceramics, cracks that happen to occur on
the boundary between the insulating substrate 1 and the
pole-like conductor 10 are prevented from developing into
the surface layer. Therefore, the above laminated-layer
structure 1s most desired.

[0050] Reference should further be made to FIGS. 3(a)

and 3(b) illustrating another embodiment of the wiring board
11 for light-emitting element of the present invention.

[0051] In the present invention as shown in, for example,
FIG. 3(a), a covering layer 16a can be so formed as to
completely cover the end surface of the heat-conducting
pole-like conductor 10 of the side on where the mounting,
region 9 1s formed and the peripheral edge thereof. The
covering layer 16a formed on the end surface of the upper
side contains a resin or a metal. Formation of the covering
layer 16a, too, relaxes the diflerence 1n the thermal expan-
sion between the pole-like conductor 10 and the insulating
substrate 1, and suppresses the occurrence of cracks on the
boundary between the end surface of the pole-like conductor
10 and the insulating substrate 1. The covering layer 16a,
turther, works to fix a light-emitting element 21 that will be
described later to the mounting region 9. In particular, the
covering layer 16a formed by using a metal exhibits a
thermal conductivity higher than that of the insulating
substrate 1 making it possible to quickly release the heat
from the light-emitting element 21. Further, the covering
layer 16a formed by using a resin prevents the short-circuit
between the pole-like conductor 10 and the connection
terminals 3a, 35.

10052] Referring to FIG. 3(b), further, it 1s also allowable
to so form a covering layer 1656 as to completely cover the
end surface of the pole-like conductor 10 positioned on the
side opposite to the side on where the mounting region 9 1s
formed and the peripheral edge thereol. The covering layer
166 formed on the end surface of the lower side contains at
least one of those selected from the group consisting of a
metal, ceramics and a resin. Formation of the covering layer
1656, too, relaxes the difference in the thermal expansion
between the pole-like conductor 10 and the insulating sub-
strate 1, and suppresses the occurrence of cracks on the
boundary between the end surface of the pole-like conductor
10 and the mnsulating substrate 1. Further, the covering layer
165 formed by using a metal exhibits a thermal conductivity
higher than that of the insulating substrate 1 making 1t
possible to quickly release the heat from the light-emitting,
clement 21. Further, the covering layer 165 formed by using
ceramics or a resin prevents the short-circuit between the
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pole-like conductor 10 and the external terminals 5. When
ceramics 1s used, 1 particular, the covering layer 1656 can be
formed by co-firing with the nsulating substrate 1 and the
pole-like conductor 10, offering advantage from the stand-
point of production.

[0053] When the covering layer 16a is formed on the
upper surface by using a resin and a covering layer 165 1s
formed on the lower surface by using ceramics or a resin as
will be understood from the above description, a wiring can
be arranged just under the pole-like conductor 10 at the time
of mounting, on a printed board, a light-emitting device
which 1s obtained by mounting the light-emitting element 21
on the wiring board 11, offering an advantage from the
standpoint of realizing the devices in small sizes.

[0054] The above covering layers 16a and 1656 can be
casily formed by applying a paste containing a metal or
ceramics or by applying a coating solution containing a resin
onto the above portions followed by firing or baking. Fur-
ther, the metal or ceramics used for forming the covering
layers 16a, 1656 may be the same as the one used for forming
the boundary protection layer 15 described above.

[0055] In the present invention, further, the side surface of
the pole-like conductor 10 may be tilted or a step may be
formed in the side surface to enhance the junction strength
between the pole-like conductor 10 (1in particular, the pole-
like conductor 10 of the form of a block having a large
diameter) and the insulating substrate 1, so that the pole-like
conductor 10 1s firmly incorporated in the insulating sub-
strate 1.

[0056] As shown in FIG. 4(a), for example, the side

surface of the pole-like conductor 10 1s tilted as designated
at 10a to increase the contact area between the pole-like
conductor 10 and the insulating substrate 1 thereby to
increase the junction strength between the insulating sub-
strate 1 and the pole-like conductor 10. In the illustrated
embodiment, the end surface of the pole-like conductor 10
on the side of the mounting region 9 1s smaller than the other
end surface, so that the side surface thereof 1s tilted. It 1s,
however, also allowable to form the end surface of the
pole-like conductor 10 on the side of the mounting region 9
to be greater than the other end surface, thereby to form a
tilted surface. From the standpoint of heat-radiating perfor-
mance, however, 1t 1s desired that the end surface of the
pole-like conductor 10 on the side of the mounting region 9
1s smaller than the other end surface.

[0057] Referring to FIG. 4(b), further, a step 106 may be
tormed on the side surface of the pole-like conductor 10. In
this case, too, the contact area between the pole-like con-
ductor 10 and the 1nsulating substrate 1 i1s greater than that
of when the side surface of the pole-like conductor 10 1is
straight, enhancing the junction strength between the 1nsu-
lating substrate 1 and the pole-like conductor 10. In this
illustrated embodiment, further, the end surface of the pole-
like conductor 10 on the side of the mounting region 9 is
smaller than the other end surface. Contrary to this, however,
a step may be so formed that the end surface of the pole-like
conductor 10 on the side of the mounting region 9 1s greater
than the other end surface. From the standpoint of heat-
radiating performance, however, 1t 1s desired that the step
105 1s so formed that the end surface of the pole-like
conductor 10 on the side of the mounting region 9 1s smaller
than the other end surface.
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[0058] In the embodiment of FIG. 4(b), further, only one
step 100 1s formed on the side surface of the pole-like
conductor 10. As shown 1n FIG. 4(¢), however, a plurality of
steps 1056 may be formed. That 1s, 1n FIG. 4(c), there are
formed two steps 106 on the side surface of the pole-like
conductor 10 so that a protruded portion 10c¢ 1s formed on
the side surface of the pole-like conductor 10. This increases
the contact area between the pole-like conductor 10 and the
insulating substrate 1 and, further, enables the side surface of
the pole-like conductor 10 to become in firm mesh with the
insulating substrate 1. In this embodiment, the junction
strength between the two 1s very enhanced. In FIG. 4(c¢), the
protruded portion 10c¢ 1s formed on the side surface due to
two steps 105b. It 1s also possible to form a recessed portion
in the side surface relying on the two steps 105, as a matter
of course. From the standpoint of heat-radiating perfor-

mance, however, 1t 1s desired to form the protruded portion
10c.

[0059] In the above embodiment of FIGS. 4(4) and 4(c¢), it
1s desired that the length L of the step 105 1s, usually, not
smaller than 100 um and, particularly, not smaller than 200
um from the standpoint of increasing the junction strength.

[0060] In the embodiment of FIGS. 4(a) to 4(c), it is
desired that the plane sectional area of the pole-like con-
ductor 10 (particularly, the area of the end surface on the side
of the mounting region 9) 1s greater than the mounting area
for mounting the light-emitting element from the standpoint
of maintaining a high heat-radiating performance.

[0061] When the steps 106 are formed on the side surface
of the pole-like conductor 10 as shown in FIGS. 4(b) and
4(c), turther, 1t 1s desired that a conducting layer 14 1s drawn
from the step 106 as shown 1n FIG. 5. That 1s, when the step
105 1s formed on the side surface of the pole-like conductor
10, stress generates due to a difference in the thermal
expansion between the insulating substrate 1 and the pole-
like conductor 10 and concentrates near the step 10b. As a
result, when the light-emitting element that 1s mounted 1s
repetitively operated, cracks tend to occur near the step 105
due to heat generated by the emission of light. On the other
hand, formation of the conductor layer 14 relaxes the
concentration of stress 1n the portion near the step 106 and
cllectively suppresses the generation of cracks. The con-
ducting layer 14 1s formed by using the same material as the
one used for the pole-like conductor 10 offering an advan-
tage ol further improving the heat-radiating performance.

10062] In FIG. 5, further, when the step 105 is formed on
the side surface of the pole-like conductor 10, the insulating,
substrate 1, usually, assumes a laminated-layer structure of
a lamination of a plurality of insulating layers (a two-layer
structure of msulating layers 1a and 15 1 FIG. 5), and the
step 106 1s formed on the interface of lamination of the
insulating layers 1a and 15 (refer to a method of forming the
pole-like conductor 10 described later). Therefore, the con-
ducting layer 14 extends from the edge of the step 105 along
the interface of lamination of the msulating layers 1a, 15. In
this case, 1t 1s desired that the length w of protrusion from
the edge of the step 105 of the conducting layer 14 is not
smaller than 50 um, particularly, 1s not smaller than 200 um
and, most desirably, 1s not smaller than 400 um to relax the
stress to a suflicient degree. Further, the conducting layer 14
1s formed by using the same material as the one forming the
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pole-like conductor 10 and may, hence, extend through the
pole-like conductor 10 traversing the pole-like conductor 10

as shown in FIG. §.

[0063] FIG. 5 illustrates the formation of the conducting
layer 14 1n a case where a single step 105 1s formed on the
side surface of the pole-like conductor 10. When a plurality
of steps 106 are formed as shown 1n FIG. 4(c), however, 1t
1s desired that the conducting layers 14 are drawn from the
plurality of steps 105b.

| Production of the Insulating Substrate 1 and the Wiring
Substrate 11]

[0064] It was described already that the insulating sub-
strate 1 1n the present invention 1s made of ceramics. It 1s
desired that the insulating substrate 1 has a thermal conduc-
tivity of not smaller than 30 W/m-K, preferably, not smaller
than 35 W/m-K, more preferably, not smaller than 40 W/m-K
and, most preferably, not smaller than 45 W/m-K. The higher
the thermal conductivity, the larger the heat-radiating per-
formance from the msulating substrate 1 and the greater the
ellect for suppressing a decrease of brightness of the light-
emitting element. By using, for example, highly pure alu-
mina having a purity of not smaller than 99% as ceramic
maternials, there can be produced an insulating substrate
having a thermal conductivity of not smaller than 30 W/m-K.
By using MgQO, turther, there can be produced an insulating
substrate 1 having a thermal conductivity of not smaller than

40 W/m-K.

[0065] It is further desired that the coeflicient of thermal
expansion of the insulating substrate 1 (room temperature to
400° C.) is not smaller than 8.5x107°/° C., preferably, not
smaller than 9.0x107%/° C. and, most preferably, not smaller
than 10.0x107°%/° C. That is, the difference in the thermal
expansion between the insulating substrate 1 and the pole-
like conductor 10 or the printed board mounted on the outer
side can be decreased by increasing the coeflicient of ther-
mal expansion of the ceramic 1nsulating substrate 1, and the
connection reliability can be strikingly improved between
the msulating substrate 1 and the pole-like conductor 10 or
the printed board. It 1s further allowed to improve the
reliability of connection to the resin used for sealing the
light-emitting element that 1s mounted. For example, use of
forsterite as the ceramic material makes i1t possible to
produce the insulating substrate 1 having a coelflicient of
thermal expansion of not smaller than 8.5x107°/° C. and use
of MgO makes it possible to obtain the 1nsulating substrate
1 having a coeflicient of thermal expansion of not smaller

than 10.0x107°/° C.

[0066] It is further desired that the insulating substrate 1
has a total reflection factor of not smaller than 70%, pret-
erably, not smaller than 72%, more preferably, not smaller
than 80% and, most preferably, not smaller than 83%. Upon
increasing the retlection factor, it 1s made possible to sup-
press the light of the light-emitting element from transmit-
ting through the insulating substrate 1, to suppress the
emitted light from being absorbed by the insulating substrate
1, and to obtain the wiring board 11 for light-emitting
clement that has a good light-emitting efliciency. The 1nsu-
lating substrate 1 having a reflection factor of as high as 83%
or more can be produced by, for example, using highly pure
alumina having a purity of not lower than 99% or by using
MgO to which Y,O, 1s added as a sintering assistant.

0067 It is further desired that the three-point flexural
strength of the msulating substrate 1 1s not smaller than 3350
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MPa, particularly, not smaller than 400 MPa and, most
preferably, not smaller than 450 MPa. The highly strong
insulating substrate 1 1s not cracked by stress at the time
when the light-emitting device mounting the light-emitting,
clement on the wiring board 11, 1s mounted on an external
circuit board such as a printed board. The highly strong
insulating substrate 1 can be obtained by using alumina or
MgQO as the ceramic material.

0068] As will be understood from the foregoing descrip-
tion, the ceramic material used for forming the insulating
substrate 1 should be selected by taking into consideration
the above-mentioned thermal conductivity, coeflicient of
thermal expansion and other properties. For example, the
insulating substrate 1 made of MgO comprises a sintered
body of MgO containing MgQO as a main crystal phase,
exhibiting a coellicient of thermal expansion (room tem-
perature to 400° C.) of as high as about 10x107°/° C.,
enhancing reliability of mounting on a general-purpose
printed board (coeflicient of thermal expansion of not
smaller than 10x107°/° C. or higher), exhibiting a thermal
conductivity of not smaller than 30 W/m-K as well as further
increased total reflection factor and three-point flexural
strength.

[0069] The sintered body of MgO containing MgO as a
main crystal phase 1s the one of which the peak of MgO can
be detected as a main peak by, for example, the X-ray
diffraction and which contains MgO crystals 1n an amount of
not less than 50% by volume as a volume ratio.

[0070] The insulating substrate 1 of MgO is obtained by
firing a ceramic green sheet at a temperature of higher than
1050° C. and, particularly, in a temperature range of 1300 to
1’700° C., the ceramic green sheet being obtained by mold-
ing a mixed-powder of an MgO powder having an average
particle size in a range of 0.1 to 8 um and a purity of not
lower than 99% and at least one kind of a sintering assistant
selected from the group consisting of a rare earth oxide (e.g.,
Y,0;, Yb,0,, etc.), Al,O,, S10,, CaO, SrO, BaO, B,0O, and
71O, or a filler powder (average particle size 01 0.1 to 8 um).
To the above mixed powder, further, there may be added
Mg;lAledr containing MgO or an MgO.S10, composite
oxide.

[0071] It 1s desired that the additive such as the sintering
assistant 1s used for obtaining a densely sintered body with
MgQO as a main crystal, being added in an amount of not less
than 3% by mass and, particularly, not less than 5% by mass
to lower the firing temperature. From the standpoint of
precipitating the MgO crystals 1n large amounts, further, 1t 1s
desired that the above additive 1s added to the mixed powder
in an amount of not lager than 30% by mass and, particu-
larly, not larger than 20% by mass. When the amount of the
additive 1s not larger than 10% by mass, 1n particular, most
of the insulating substrate 1 that 1s obtained 1s formed by the
MgO crystals.

[0072] The insulating substrate 1 made of the alumina
comprises a sintered body of Al,O; containing Al,O, as a
main crystal phase, exhibits properties as described above
and further oflers an advantage of low cost. The sintered
body of Al,O, containing Al,O, as a main crystal phase 1s
the one of which the peak of Al,O; can be detected as a main
peak by, for example, the X-ray diffraction and which
contains Al,O, crystals in an amount of not less than 50% by
volume.
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[0073] The insulating substrate 1 of alumina is obtained by
firing a ceramic green sheet at a temperature of not higher
than 1050° C. and, particularly, in a temperature range of
1300 to 1500° C., the ceramic green sheet being obtained by
molding a mixed powder of an Al,O, powder having an
average particle size of 1.0 to 2.0 um and a purity of not
lower than 99% to which 1s added at least one kind of a
sintering assistant powder (average particle size o1 1.0 to 2.0
um) selected from the group consisting of Mn,O,, S10,,

MgQO, SrO, and CaO.

0074] In producing the alumina insulating substrate 1 in
a manner as described above, it 1s desired that the additive
such as the sintering assistant 1s added to the mixed powder
for molding the ceramic green sheet 1n an amount of not less
than 5% by mass and, particularly, not less than 7% by mass
to lower the finng temperature. From the standpoint of
obtaining a densely sintered body containing Al,O; as main
crystals, further, 1t 1s desired that the above additive 1s added
to the mixed powder 1n an amount of not lager than 15% by
mass and, particularly, not larger than 10% by mass. In this
case, most of the insulating substrate 1 that is obtained
comprises Al,O, crystals.

[0075] In the foregoing were described the MgO insulat-
ing substrate 1 and the alumina insulating substrate 1.
However, the msulating substrate used 1n the present inven-
tion 1s not limited thereto only but may further use sintered
bodies containing mullite, spinel or forsterite as main crys-
tals of ceramics. It 1s further allowable to form the insulating,
substrate 1 using the so-called glass ceramics. The glass
ceramic insulating board 1 can be produced by firing at a low
temperature of not higher than 1050° C. featuring a dense
and smooth surface, particularly, 1n forming the connection
terminals 3a, 3b, external electrode terminals 5 and wvia-
conductors 7 by using a conductor of a low resistance, such
as Ag or Cu relying on the co-firing.

[0076] The glass ceramic insulating substrate 1 can be
produced by firing a ceramic green sheet at a temperature of
not higher than 1050° C. and, particularly at a temperature
of 850° C. to 1050° C., the ceramic green sheet being
obtained by molding, in the same manner as described
above, a mixed powder of, for example, a glass powder and
a filler powder such as S10, powder. To produce the highly
strong 1nsulating substrate 1, it 1s desired that the content of
the filler 1n the mixed powder 1s, usually, 1n a range ot 30 to
60% by mass and, particularly, 35 to 55% by mass though
it may vary depending upon the composition of the glass.

[0077] In producing the above various insulating sub-
strates 1, the ceramic green sheet can be molded by a known
method by using a mixed powder of starting materials. For
instance, a slurry for molding 1s prepared by adding a binder
and a solvent to a mixed powder containing a ceramic
material such as MgO or Al,O;. The slurry 1s, then, molded
into a ceramic green sheet by such means as a doctor blade
method.

[0078] 'To produce the wiring board 11, therefore, through
holes corresponding to the via-conductors 7 are perforated in
the ceramic green sheet at predetermined positions by the
laser working, etc., and a conducting paste obtained by
dispersing a metal powder 1n a suitable binder or a solvent
1s filled in the through holes. Further, the conducting paste
i1s printed on the surface of the ceramic green sheet at
predetermined positions 1n a pattern that corresponds to the
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connection terminals 3a, 35 and the external electrodes 5.
Moreover, the conducting pattern corresponding to the pole-
like conductor 10 is incorporated 1n the ceramic green sheet
and 1s fired (co-fired) 1n this state, whereby the connection
terminals 3a, 36 and the via-conductors 7 are formed on the
surface and inside the insulating substrate 1, and there 1s
obtained the wiring board 11 provided with the pole-like
conductor 10. The connection terminals 3¢, 35 and the
external electrode terminals 5 can be directly formed on the
surface of the insulating substrate by transferring a metal foil
onto the ceramic green sheet or by a thin film-forming
method such as vaporization.

[0079] The conducting pattern corresponding to the pole-
like conductor 10 1s ncorporated into the ceramic green
sheet 1n a manner as described below.

[0080] When the pole-like conductor 10 has a shape as
shown 1n FIG. 1(a), through holes are perforated in the green
sheet at predetermined position like the case of forming the
via-conductors 7, and the conducting paste containing a
metal powder for forming the pole-like conductor 10 1s filled
in the through holes, so that the conducting pattern for
forming the pole-like conductor 10 1s incorporated in the
ceramic green sheet.

[0081] When the pole-like conductor 10 has the shape of
a block as shown 1 FIG. 1(b), the conducting sheet corre-
sponding to the pole-like conductor 10 1s pushed into the
ceramic green sheet at predetermined positions so as to
incorporate the conducting pattern for forming the pole-like
conductor 10. FIG. 6 1illustrates a method of forming the
conducting pattern.

[0082] That is, referring to FIG. 6(a), a ceramic green
sheet 40 1s arranged on the upper surface of a metal mold 39
having a punched hole 37.

[0083] Referring, next, to FIG. 6(5), a conducting sheet 43
for forming the pole-like conductor 10 1s overlapped on the
ceramic green sheet 40. Desirably, the conducting sheet 43
has a thickness nearly comparable to that of the ceramic
ogreen sheet 40. The conducting sheet 43 1s prepared by
molding, relying on a sheet-molding method such as the
doctor blade method, a conducting slurry obtained by mix-
ing a metal powder for forming the above pole-like conduc-
tor 10 (a mixed powder of the metal powder and the ceramic
powder) 1nto an organic binder and a solvent.

|0084] Referring, next, to FIG. 6(c), the conducting sheet
43 1s pushed into the ceramic green sheet 40 by using a
pushing metal mold 35. There 1s, thus, established a state
where part of the conducting sheet 43 1s inserted in the
ceramic green sheet 43.

[0085] Further, the conducting sheet 43 of a portion that
has not been pushed into the ceramic green sheet 43 1s
removed and, at the same time, a portion of the ceramic
green sheet 40 pushed by the conducting sheet 43 1s removed
to form a composite sheet 50 1n which part of the conducting
sheet 43 1s incorporated so as to penetrate through part of the
ceramic green sheet 40 as shown 1n FIG. 6(d). Namely, the
conducting sheet 43 fitted into the composite sheet 30 as
shown 1 FIG. 6(d) becomes a conducting pattern corre-
sponding to the pole-like conductor 10. On the above
composite sheet (green sheet) 50, there are formed conduct-
ing patterns corresponding to the connection terminals 3aq,
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3b, external terminals 5 and via-conductors 7 as described
above. The composite sheet (green sheet) 50 1n this state 1s
subjected to the firing.

[0086] In order to form the pole-like conductor 10 having
a tilted side surtace 10a as shown i FIG. 4(a), the punched
hole 37 may have a tapered surface that corresponds to the
tilted surtace 10a.

[0087] To form the pole-like conductor 10 having a step
106 formed on the side surface as shown 1n FIG. 4(b), there
are prepared, as shown i FIG. 7, a composite sheet 50q
incorporating therein a conducting sheet 43 of a small
diameter and a composite sheet 5056 incorporating therein a
conducting sheet 43 of a large diameter according to the
above-mentioned method, and the composite sheets 50a and
506 are press-adhered to prepare a laminate thereof. In this
laminate, a step 105 1s formed at an end of a portion where
the conducting sheet 43 of the small diameter formed 1n the
composite sheet 50aq faces the conducting sheet 43 of the
large diameter formed 1n the composite sheet 5056, Upon
firing the laminate, therefore, the pole-like conductor 10 of
the shape shown in FIG. 4(b) 1s formed 1n the insulating
substrate 1. In this case, the insulating substrate 1 has a
laminated-layer structure of two 1nsulating layers laminated
one upon the other. To form the conducting layer 14 shown
in FIG. 5, further, the conducting paste may be applied, by
screen-printing or the like, onto the interface of lamination
of either the composite sheet 50a or the composite sheet 505
as shown in FIG. 5 so as to be corresponded to the con-
ducting layer 14.

[0088] To form the pole-like conductor 10 having a plu-
rality of steps 105 formed on the side surface as shown in
FIG. 4(c), further, the composite sheet 505 incorporating
therein the conducting sheet 43 of a large diameter 1s held by
two pieces ol composite sheets 50a (incorporating therein
the conducting sheet 43 of a small diameter) to prepare a
laminate of a three-layer constitution, which 1s, then, fired.
In this case, the insulating substrate 1 that 1s fabricated has
a laminated-layer structure of three insulating layers.

[0089] In the embodiment of FIG. 7, the laminate of the
composite sheet 50 1s prepared for forming the pole-like
conductor 10 having the step 106. To form the pole-like
conductor 10 without step 105, on the other hand, there 1s
prepared a laminate of the composite sheets 30 which 1s,
then, fired. In this case, the compositions of the conducting
sheets 43 1n the composite sheets 50 are differed to form the
pole-like conductor 10 comprising a plurality of layers
having coetlicients of thermal expansion and thermal con-
ductivities which are different from each other. For example,
there 1s formed the pole-like conductor 10 by laminating a
first composite sheet burying therein a conducting sheet
comprising 40% by volume of Cu and 60% by volume of W,
and a second composite sheet burying therein a conducting
sheet comprising 50% by volume of Cu and 50% by volume
of W 1n a manner that the first composite sheet 1s on the side
of the mounting region 9 and the second composite sheet 1s
on the side opposite to the mounting region 9. In this case,
the layer (side of the mounting region 9) stemming from the
conducting sheet of the first composite sheet has a low
coellicient of thermal expansion creating a small difference
in the coeflicient of thermal expansion from the light-
emitting element that 1s mounted while the layer (side
opposite to the mounting region 9) stemming from the
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conducting sheet in the second composite sheet has a large
thermal conductivity yet exhibiting a large coeflicient of
thermal expansion. As will be understood from the above, i
the layer on the side of the mounting region 9 1s the one
exhibiting a small coeflicient of thermal expansion, the layer
having a high thermal conductivity can be arranged on the
side opposite to the mounting region 9 without the need of
giving attention to the coeflicient of thermal expansion
making 1t possible to markedly enhance the heat-radiating
performance yet maintaining reliability of connection to the
light-emitting element.

[0090] Further, a paste containing a metal, such as an Mo
paste, 1s applied by screen-printing or the like method onto
the exposed surface of the conducting sheet 43 (corresponds
to the end surface of the pole-like conductor 10) in the
composite sheet 50 (or in the laminate of the composite
sheets 50) and onto the interface between the green sheet 40
and the conducting sheet 43, and 1s fired to form the covering
layers 16a, 166 shown in FIGS. 3(a) and 3(5) on the end
surface of the upper side of the pole-like conductor 10 or on
the end surface of the lower side thereof. The boundary
protection layers 15 shown 1n FIG. 2 are formed by applying
a paste having the same composition as that of the above
green sheet 40 onto the predetermined positions of the
composite sheet like the above-mentioned metal paste, fol-
lowed by firing. Further, to form the covering layers 16a,
1656 and the boundary protection layers 15 by using a resin,
a coating solution containing the resin 1s applied onto the
predetermined positions after the composite sheet has been
sintered, and 1s dried and cured.

[0091] The above ceramic green sheet (or composite
sheet) 1s fired by being heated at a predetermined firing
temperature 1 an oxidizing atmosphere, a reducing atmo-
sphere or an inert atmosphere after the binder has been
removed. In particular, when a material subject to be oxi-
dized like Cu 1s used as the metal powder, the firing 1s
conducted 1n the reducing atmosphere or 1n the inert atmo-
sphere.

[0092] After the firing, as required, Al or Ag is plated on
the surfaces of the connection terminals 3a, 35, external
clectrode terminals 5 and pole-like conductor 10 to increase
the reflection factor of these members and the brightness. In
particular, nickel, gold and silver are plated in this order on
the metallized surtaces of the connection terminals 3a, 35,
pole-like conductor 10 and inner wall surfaces 13a of the
frame to firmly fix a silver-plated layer having a high
reflection factor. Upon forming the silver-plated layer on the
inner surfaces 13a of the frame, 1n particular, light from the
light-emitting element 1s retlected by the inner wall surfaces
13a and 1s emitted to the outer side.

10093] In forming the nickel-plated layer as the underlying
layer, if silver 1s directly plated on the nickel-plated layer,
nickel in the nickel-plated layer elutes into the silver-plating
bath and deposits on the wiring conductor and on the
silver-plated layer on the mounting region, or nickel par-
ticles are peeled off the nickel-plated layer due to vibration
during the conveyance before the silver-plating treatment
and deposits on the wiring conductor and on the mounting
region. In this embodiment, however, gold is plated on the
nickel-plated layer without arousing the above inconve-
nience, without hindering the mounting of the light-emitting,
clement and suppressing a drop 1n the bonding property.
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[0094] In the present invention, the frame 13 for protect-
ing the light-emitting element that 1s mounted 1s formed by
using a ceramic material or a metal material. When the
ceramics 1s used, the frame 13 can be formed at one time by
co-firing together with the above insulating substrate 1,
connection terminals 3a, 36, external terminals 5 and pole-
like conductor 10 offering advantage from the standpoint of
productivity. Besides, the ceramic frame 13 features excel-
lent heat resistance and moisture resistance, exhibiting
excellent durability even when used for extended periods of
time or under severe conditions. On the inner wall surface
13a of the ceramic frame 13, further, a metallized layer (not
shown) 1s formed by co-firing by using the conducting paste
used for forming the above connection terminals 3a, 36 to
further improve the durability and to increase the reflection
factor. On the metallized layer, there can be further formed
a plated layer (not shown) of N1, Au or Ag. Upon forming
the metallized layer and the plated layer, the total reflection
factor of the mner wall surface 13a of the frame 13 can be
adjusted to be not lower than 70%, particularly, not lower
than 80% and, most desirably, not lower than 85% to
suppress the transmission or absorption of light from the
light-emitting element and, hence, to realize a high degree of
brightness. Particularly, the inner wall surface 13a of the
frame 13 having a reflection factor of as high as 85% or more
can be realized by forming a lustrous Ag plating.

[0095] Further, the metallic frame 13 has an advantage of
having a high reflection factor by itself. As such a metal, 1t
1s desired to use Al or an Fe—Ni1—Co alloy since it 1s
inexpensive and can be excellently worked. On the inner
wall surface 13a of the metallic frame 13, too, there can be
plated a layer (not shown) of N1, Au or Ag like the one
described above. The above plated layer further increases
the total reflection factor of the inner wall surface 13a; 1.e.,
helps realize the total reflection factor of not lower than, for
example, 85%. The metallic frame 13 i1s formed, {for
example, by forming a conducting layer 17 in advance on
the surface 1a of the insulating substrate 1 obtained through
the firing, and brazing the conducting layer 17 and the frame
13 together via a brazing material such as a eutectic Ag—Cu
brazing material.

[0096] In the embodiment of FIG. 1(b4), the inner wall
surface 13a of the frame 13 1s represented by an erected
surface. Not being limited to the erected surface, however,
the 1nner wall surface 13a may be 1n the shape of a flaring
curved surface or a tilted surface of which the diameter 1s
increasing toward the upper side. Forming the inner wall
surface 13 1n a curved surface or a tilted surface 1s desirable
from the standpoint of guiding light of the light-emitting
clement toward the outer side.

Light-Emitting Device]

0097] The wiring board 11 for light-emitting element of
the invention produced as described above can be used as a
light-emitting device by mounting the light-emitting ele-
ment on the mounting region 9 thereof.

[0098] In FIGS. 8(a) and 8(b) which are sectional views
illustrating the structure, the light-emitting device generally
designated at 25 has a structure in which a light-emitting
clement 21 such as an LED chip 1s mounted on the mounting
region 9 of the wiring board 11. The light-emitting device 235
illustrated 1n FI1G. 8(a) 1s the one mounting the light-emitting
clement 21 on the wiring board 11 of FIG. 1(a), and the
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light-emitting device 25 illustrated 1n FIG. 8(b) 1s the one
mounting the light-emitting element 21 on the wiring board

11 of FIG. 1(b).

[0099] In this light-emitting device 25, the light-emitting
clement 21 1s adhered and fixed to the mounting region 9 of
the wiring board 11 with a suitable adhesive 29 and 1s
connected to the connection terminals 3a, 35 of the wiring
board 11 through the bonding wires 23. Namely, the light-
emitting element 21 works upon feeding electricity to the
light-emitting element 21 from the connection terminals 3a,
3b through the bonding wires 23. Further, the light-emitting
clement 21 can be connected and fixed to the mounting
region 9 by a so-called flip-chip connection without using
the adhesive 29. In this case, the electricity can be directly
fed to the light-emitting element 21 from, for example, the

connection terminals 34, 35 without using the bonding wires
23.

[0100] Further, the light-emitting element 21 mounted on
the wiring board 11 1s sealed with a molding material 31 of
a transparent resin material or the like. However, the light-
emitting element 21 can be sealed even by using a closure
member ol a transparent material (e.g., glass) instead of
using the above molding material. A fluorescent material
may be added to the molding material 31 to change the

wavelength of light emitted by the light-emitting element
21.

[0101] In the above light-emitting device 25, heat gener-
ated by the light-emitting element 21 1s quickly radiated
from the heat-conducting pole-like conductor 10 making 1t
possible to eflectively avoid a decrease in the brightness
caused by heat and, hence, to emit light maintaining stability
and high brightness for extended periods of time. Besides,
no heat-radiating member such as heat sink 1s necessary,
which 1s very eflective 1n decreasing the size of the electric
device on which the light-emitting device 25 1s mounted.

[0102] Besides, light emitted from the light-emitting
device 25 1s reflected by the surface of the insulating
substrate 1 and by the mner surfaces of the frame 13 so as
to be guided to a predetermined direction, enhancing the
light-emitting efliciency.

[0103] Moreover, the light-emitting device 25 1s, usually,
mounted on an external circuit board (not shown) such as a
printed board through the external connection terminals 5.
Here, the coeflicient of thermal expansion of the msulating
substrate 1 1s brought close to that of the printed board to
suppress mismatching in the coeflicient of thermal expan-
s1on relative to the printed board or the molding material 31,
realizing the light-emitting device 25 featuring a highly
reliable junction.

1. A wiring board for light-emitting element, comprising
a ceramic insulating substrate, and a conductor layer formed
on the surface or in the inside of said insulating substrate,
and having a mounting region mounting a light-emitting
clement on one surface of said insulating substrate; wherein

said insulating substrate 1s provided with a heat-conduct-
ing pole-like conductor having a thermal conductivity
higher than that of said insulating substrate; and

said heat-conducting pole-like conductor i1s extending
through said insulating substrate in the direction of
thickness thereof from the light-emitting element
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mounting region of said insulating substrate, and 1s
formed by co-firing with said insulating substrate.

2. A wiring board for light-emitting element according to

claim 1, wherein said msulating substrate 1s formed by firing
at a temperature of higher than 1050° C.

3. A wiring board for light-emitting element according to

claim 1, wherein said msulating substrate 1s formed by firing
at a temperature of not higher than 1050° C.

4. A wiring board for light-emitting element according to
claim 1, wherein the surface of said insulating substrate on
the side of the light-emitting element mounting region has a
total retlection factor of not lower than 70%.

5. A wiring board for light-emitting element according to
claim 1, wherein said heat-conducting pole-like conductor
has a plane sectional area greater than that of the mounting
area for mounting the light-emitting element.

6. A wiring board for light-emitting element according to
claiam 1, wherein the boundary portion between the end
surface of said heat-conducting pole-like conductor and the
surface of said insulating substrate, and the vicinity thereof,
are covered with a boundary protection layer formed by at
least one of those selected from the group consisting of a
metal, ceramics and a resin.

7. A wiring board for light-emitting element according to
claam 1, wherein the end surface of said heat-conducting
pole-like conductor on the side of the mounting region and
the peripheral edges thereof are covered with a covering
layer contaiming a metal or a resin.

8. A wiring board for light-emitting element according to
claam 1, wherein the end surface of said heat-conducting
pole-like conductor on the opposite side to the mounting
region and the peripheral edges thereof are covered with a
covering layer containing at least one of those selected from
the group consisting of a metal, ceramics and a resin.

9. A wiring board for light-emitting element according to

claim 1, wherein said heat-conducting pole-like conductor
has a thermal conductivity of not smaller than 80 W/m-K.

10. A wiring board for light-emitting element according to
claim 1, wherein said heat-conducting pole-like conductor 1s
formed by using a metal material and a ceramic matenal.

11. A wiring board for light-emitting element according to
claim 1, wherein said heat-conducting pole-like conductor 1s
incorporated 1n a portion of electric circuit.

12. A wiring board for light-emitting element according to
claim 1, wherein said heat-conducting pole-like conductor 1s
formed by using a plurality of layers having different coet-
ficients of thermal expansion or different thermal conduc-
tivities.

13. A wiring board for light-emitting element according to
claiam 1, wherein the side surface of said heat-conducting
pole-like conductor 1s forming a tilted surface.

14. A wiring board for light-emitting element according to
claim 1, wherein a step 1s formed on a side surface of said
heat-conducting pole-like conductor.

15. A wiring board for light-emitting element according to
claim 14, wherein said insulating substrate has a laminated-
layer structure of a plurality of mnsulating layers, said step
formed on the side surface of said heat-conducting pole-like
conductor 1s positioned on the interface between the neigh-
boring 1sulating layers, and a conducting layer 1s extending
from said step along the interface between said insulating
layers.
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16. A wiring board for light-emitting element according to
claim 15, wherein said conducting layer 1s extending from
the edge of said step over a length of not smaller than 50 um.

17. A wiring board for light-emitting element according to
claiam 1, wheremn a frame 1s formed on said insulating
substrate surrounding said light-emitting element mounting
region so as to protect the light-emitting element that 1s
mounted.

18. A wiring board for light-emitting element according to
claim 17, wherein the inner wall surface of said frame has
a total retlection factor of not smaller than 70%.

19. A wiring board for light-emitting element according to
claim 17, wherein the inner wall surface of said frame has
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such a shape that the mner diameter at the upper end 1s
greater than the inner diameter at the lower end, and 1is
forming a curved surface that 1s swelling toward the side of
said mounting region.

20. A wiring board for light-emitting element according to
claim 17, wherein on the inner wall surface of said frame,
there 1s provided a light-reflecting layer comprising a gold-
plated layer and a silver-plated layer formed thereon.

21. A light-emitting device mounting a light-emitting,
clement on the mounting region of a wiring board for
light-emitting element of claim 1.

x x * x x
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