ELECTRONIC DEVICE BACKGROUND OF THE INVENTION 1. Field of the Invention 5The present
invention relates to electronic devices, i.e., electrical products based on the technology of electronics.
2. Description of the Related Art In electronic devices, as well known in the art, a trace pattern
having a predetermined pattern is formed on one side of a substrate, and electronic 10 components
such as active components and passive components are soldered onto the trace pattern. The trace
pattern can be obtained by applying an etching resist to a Cu foil previously formed on the substrate
and then patterning the Cu foil by a plﬁﬁ%i@pﬁ@mbq@%@ﬂn the trace pattern, the Cu foil is
exposed at parts where the electronic components should be 15 soldered, while parts where soldering
is not required are covered with a solder resist film that is formed on the substrate using a
thermosetting epoxy resin or the like. Then, the electronic components are soldered to the exposed Cu
foil. As de<BAKBRIGROVE NRe@BAUERtidNhM BRIAHEHN devices are produced 20 through many
processes including a progess of preparing a copper-clad substrate, a process of applying an etching
resist, a ph]otolithogﬁﬁbcwfp%% ,eél%f’&ess of applying a solder resist, and a process of mounting
compgnents. Thusy, @fgﬁés@%lﬁ“&%ﬁ%{e%%%% apddmprRysenvipEodustiviétrsigad of the
above method, it is also"possible to directly apply a 25 conductive paste onto the substrate by screen

printing. The seReucHxedasierbart&hpuidgeed bledispeising a metal/alloy powder (conductive

component) in an organic vehicle. The organic vehicle comprises a resin such as a
2. Description of the Related Art

In electronic devices, as well known in the art, a trace pattern having
a predetermined pattern is formed on one side of a substrate, and electronic
10 components such as active components and passive components are soldered
onto the trace pattern. The trace pattern can be obtained by appiying an
etching resist to a Cu foil previously formed on the substrate and then
patterning the Cu foil by a photolithography process. In the trace pattern,
the Cu foil is exposed at parts where the electronic components should be
15 soldered, while parts where soldering is not required are covered with a
solder resist film that is formed on the substrate using a thermosetfing
epoxy resin or the like. Then, the electronic components are soldered to the
exposed Cu foil.
As described above, the conventional electronic devices are produced
20 through many processes including a process of preparing a copper-clad
substrate, a process of applying an etching resist, a photoiithograpﬁy process,
a process of applying a solder resist, and a prbcess of mounting components.
Thus, there is a limit to cost reduction and improvement in productivity.
Instead of the above method, it is also possible to directly apply a
95  conductive paste onto the substrate by screen printing. The conductive paste
can be produced by dispersing a metal/alloy powder (conductive component)

in an organic vehicle. The organic vehicle comprises a resin such as a



thermosetting resin or a thermoplastic resin and a solvent. If necessary, a third component may be
added so as to improve dispersibility of the metal powder or ensure fire retardancy. In the trace
pattern thus obtained, the metal powder is dispersed in 5 the resin This deteriorates the conductivity
as compared with the case where the trace is a sheer metal conductor. In order to improve the
conductivity, therefore, the packing density can be increased by using a metal powder having a small
particle size. However, the smaller the particle size, the more easily the metal powder 10 aggregates,

which makes it difficult to achiev if [ 0N | J t I ingreases the
contact are%%%?ﬁggﬁlg(%a%eesﬁ?rﬁéﬁ% %%&gg%%ﬁgrgbﬁgggﬁ%ﬁ? g%)ﬂrifgt}éggﬁi%gé,gso that the
conductivitygannehhsosuiiciantly isppsaved iwassardange with dispoesgadeaynahelpaaking! density. 151t
is also known that traces having good conductivity can be obtained by using a silver powder or a Cu
powder as her thetal powdee. fiHevreterdwnen an electric field is applied to the conductive paste

containing the silver powder in a hot and umidB tmosphere, electrodepgsition,of silver,on an electrical
circuit or an electrddiet ¥ EAREPRGFEAR B8 %]t)&eégt %ﬂs}ﬁl%%ﬁi)ps%%pét)er

. 18 €11 rsea i
cwcuﬁ B%%Ween electrodes or

races formeg By (i LR PRIGIR: A% COUBIIERSAEIRSAASL NG migtionfoERNamale, there has
been known a method of applying a moisture-proof coating onto the silver powder or a
where the trace is a sheer metal conductor.

In order to improve the conductivity, therefore, the packing density
can be increased by using a metal powder having a small particle size.
However, the smaller the particle size, the more easily the metal powder

10 aggregates, which makes it difficult to achieve uniform dispersion in the
conductive paste. This also increases the contact area between adjacent
metal particles to thereby increase the contact resistance, so that the
conductivity cannot be sufficiently improved in accordance with an increase
in the packing density.

15 It is also known that traces having good conductivity can be obtained
by using a silver powder or a Cu powder as the metal powder. However, when
an electric field is applied to the conductive paste containing the silver
powder in a hot and humid atmosphere, electrodeposition of silver on an
electrical circuit or an electrode, so-called migration, occurs to establish a

20 short circuit between electrodes or traces formed by t}_;e trace pattern. As a
countermeasure against the migration, for example, there has been known a
method of applying a moisture-proof coating onto the silver powder or a
method of adding a corrosion inhibitor such as nitrogen oxide to the
conductive paste, but they are not sufficiently effective (see Japanese

95 Unexamined Patent Application Publication No. 2001-189107). In order to
obtain a highly conductive conductor, moreover, it is necessary to increase

the amount of the silver powder to be added, but the silver powder 1is so



method of adding a corrosion inhibitor such as nitrogen oxide to the conductive paste, but they are not
sufficiently effective (see Japanese 25 Unexamined Patent Application Publication No. 2001-189107).
In order to obtain a highly conductive conductor, moreover, it is necessary to increase the amount of
the silver powder to be added, but the silver powder is so expensive that the electronic device also
becomes expensive. On the other hand, since Cu can easily be oxidized after heating and
hardening the conductive paste containing the Cu powder, the Cu powder reacts with oxygen in the air

orthe binder o form o 9¥ide i hsteon,  hergby ismakabivleslicig the conductivy. As it

counterme%}%%?%?fgpanese nexamined Patent Application Publication No. 5-212579 discloses a Cu

paste into which aqyarigly efiasidilives ammesdrddarpeeient heoiitiatidrdfahaCitipgwoet and
stabilize the conductivity. However, it is inferior to the silver paste in conductivité and also has a defect
in shelf lifeht@dadistatility condaconeluuiiie sasianinaghsivarprrearctisolitier #EE%so been

suggested in order to achieve an improvement.in miﬁ%ﬂon agd realize an,in er@lve conductive

paste (see"3aBHhBEENUNEKERMNS BEEm APPSR BibliRatonNGS. 7448 §452536).
However, ayunifarm, thick silvef 15, coating may resitin.ineufficient improvementie avgration. If the
coating is thin, orf the other hand, the filling amount of the conductive powder has to be increased for
ensuring ggag:aanductiviyxxictehaPassse adedlicticnin aBhbbivetiorce Xadhesivé&iihgth) due to
a relative decrease of the binder component. 20Moreover, electronic devices for outdoor use, e.g.,
solar cells heddses a Cu paste into which a variety of additives are added to prevent

the oxidation of the Cu powder and stabilize the conductivity. However, it 1s

inferior to the silver paste in conductivity and also has a defect in shelf life

10  and stability.

A condﬁctive. paste having a silver-plated Cu powder has also been
suggested in order to achieve an improvement in migration and realize an
inexpensive conductive paste (see Japanese Unexamined Patent Application
Publication Nos. 7-138549 & 10-134636). However, a uniform, thick silver

15 coating may result in insufficient improvement in migration. If the coating 1s
thin, on the other hand, the filling amount of the conductive powder has to be
increased for ensufing sood conductivity, which may cause a reduction in
adhesive force (adhesive strength) due to a relative decrease of the binder
component.

20 Moreover, electronic devices for outdoor use, e.g., solar cells, need
long-term durability agains.t severe environmental changes. Particﬁlarly
when solar cells are installed in desert having long sunshine duration or the
like, the temperature range at the installation site may exceed 100 C.
However, if conventional solar cells having electrodes based on the above

95 technology are put in such a harsh natural environment, the electrodes may
deteriorate in a few years by oxidation.

As a means for solving the above problems, Japanese Patent No.



long-term durability against severe environmental changes. Particularly when solar cells are installed
in desert having long sunshine duration or the like, the temperature range at the installation site may
exceed 100 C. However, if conventional solar cells having electrodes based on the above 25
technology are put in such a harsh natural environment, the electrodes may deteriorate in a few years
by oxidation. As a means for solving the above problems, Japanese Patent No. 4778120 discloses a
technology in which a high-melting-point metallic component and a low-melting-point metallic
component iffusjon bonded together to form a metallizat it etic resin
layer. Withq’[%@ ﬁeién n%ﬁ)cé?/??ts bgcc?r%(%éngg%@{blé%o%%&%eéanh%%é@r%ﬂ %%gée dbg\%gg vli\}ilt%t%x%ig;h-quality,
highly-reliahle, metallizatiantiace wbiethis soxesiansdalsendustvitsnelectrasHeminalistativily, oxidation
resistance, density, compactness and mechanical and physical strength and also has a high adhesion
strength anddachelstoefogth tom sublirateonrayiermevsitiodiioit iraceidweveie tHe itwtallization layer is
10 covered with an_insulating layer. Therefore, although it haﬁ]éh% forec?}g.iﬁg eXC%ﬂ%QE %g%ts, the
insulating layer ma¥y B8 18 Bk RS M BtaNEFLFBRTRRISARE a LehinAF &It dde of ah electronic

elec

component.or other externgl cgnductors depending QoW ey 1&re: ernasied tadhg matallization
layer, %hic%egé%ereﬁvs}eé% tﬁeaf‘é i%u }%% gﬁ%le%tﬁgg connection. 15 SUMMARY OF THE INVENTION In

order to sojuedheabqve prallesivanvelettanicHeriterdcetntingto the dresentiesiehtiocecomprises a
substrate. The substrate has a
density, compactness and mechanical and physical strength and also has a
high adhesion strength and bond strength to a substrate.
In this metallization trace, however, the metallization layer 1is
10 covered with an insulating layer. Therefore, although it has the foregoing
excellent effects, the insulating layer may be left between the métallization
layer and a terminal electrode of an electronic component or other external
conductors depending dn how they are connected to the metallization layer,
which decreases the reliability of electricgl connection.

15
SUMMARY OF THE INVENTION

In order to solve the above problem, an electronic device according to
the present invention comprises a substrate. The substrate has a
metallization trace. The metallization trace has a metallization layer and a
90 synthetic resin layer. The metallization layer has a high;melting*point
metallic component and a 1ow;melting'point metallic component, and the
high-melting-point metallic component and the low-melting-point metallic
component are diffusion bonded together. The synthetic resin layer covers a
surface of the metallization layer with a thickness in the range of 5 nm to

25 1000 nm.
As described above, since the high-melting-point metallic component

and the low-melting-point metallic component are diffusion bonded together,



metallization trace. The metallization trace has a metallization layer and a 20 synthetic resin layer. The
metallization layer has a high-melting-point metallic component and a low-melting-point metallic
component, and the high-melting-point metallic component and the low-melting-point metallic
component are diffusion bonded together. The synthetic resin layer covers a surface of the
metallization layer with a thickness in the range of 5 nm to 25 1000 nm As described above, since the
high-melting-point metallic component and the low-melting-point metallic component are diffusion

bonded together, the electronic devic : provi it 1zal eryieh ks excellent in
electroche?%%aefigtca ﬂl?f/ca(r%v&?dge?%n%rgs stgﬁ}b&eégn%%f%%lgfgﬂés%§%%£{%§¥or an oxide film. In
addition, singe the, diffusion-herting ehihethighitnelting-poidtSionetallitscanteonsdt havdiye
low-melting-point metallic component provides a continuous metallization layer substantially free from
a pore or discerpeciipmtihe densitgxidd é8mMpactness of the metallization layer can be improved, so

e iy -<Phoy 45 A stlsatio, el hgin ey and 2

5 metallic component and the low-melting-point metallic component provides a
continuous metallization layer substantially free from a pore or
disconnection, the density and compactness of the metallization layer can be
improved, so that the electronic device can be provided with a metallization
layer héving a high conductivity and a high mechanical and physical

10  strength. Moreover, since it contains both the high-melting-point metallic
compoxient and the low-melting-point metallic component, the electronic
device can be provided with a highly conductive metallization layer
depending on the material selection.

Furthermore, since the synthetic resin layer covers the surface of the

15 metallization layer, the metallization layer can be prevented from being
externally damaged and can also be improved in oxidation resistance,
durability and weather resistance. Still furthermore, since the synthetic
resin layer has adhesion strength and bond strength to the substrate in
addition to adhesion strength and bond strength of the metallization layer

20  itself the whole metallization trace can be improved in adhesion strength
and bond strength.

As a total result of the above effects, the electronic device can be
provided with a high-quality, highly-reliable metallization trace which is
excellent in conductivity, electrochemical stability, oxidation resistance,

o5  density, compactness and mechanical and physical strength and also has a
high adhesion strength and bond strength to a substrate.

Furthermore, the synthetic resin layer covers the surface of the



10 strength. Moreover, since it contains both the high-melting-point metallic component and the
low-melting-point metallic component, the electronic device can be provided with a highly conductive
metallization layer depending on the material selection. Furthermore, since the synthetic resin layer
covers the surface of the 15 metallization layer, the metallization layer can be prevented from being
externally damaged and can also be improved in oxidation resistance, durability and weather
resistance. Still furthermore, since the synthetic resin layer has adhesion strength and bond strength to

the substrate I addiian g adhesionstengihoand bend stienayef e metalicaian imyen?0 itseff, the

whole metalliZ&tion trace ¢an be iImproved In adhesion strength and bond strength. As a total result

of the abovg,BffRets the £leceniedirvics cambesprovigiethwith ahighreualitychighlytoeliable
metallization trace which is excellent in conductivity, electrochemical stabilg%/,, oxidation resistance, 25

density, coslpetrtnesscampreharticalendnshylicativeigatan b seRib el High Hih&216A strength
and bond strength to a sybstrate. Furthermore, the syntheti in_layer covers the sur of the
metallizatidHaer ittt X HIERRSSS }%ﬁwgarﬁﬁ%eogf% ﬁﬁ% t%l @nr%. {eh gﬁb]gé)ﬁ% uetgag?heat
reatment Sf?u?éﬁ?eﬁoﬁ{‘ﬁ]%%@%&e%&ﬁ' GONAHRIALRI RIEHTONIE KOMmRABaNtiAthaumetallization trace,
the synthetic resin layer having a thickness in the range of 5 nm to 1000 nm can be softened or 5
fluidified tofipusoutronsstheheoiinaetion oragan beamelied elimhiatetl duorThbsfrresyritietic resin
layer can be eliminated from between the metallization layer and the external conductor or electronic

componentretsliinsivmt decsxenial benattesr el ceetiriecohpoREHaL GirsePRSARECted to the
tallization | .E if t theti in,l is e lizatj dth
et i, £ e St o PASMES s et 1

external cod e electronic componen en the synthetic resin

layer has a thickness in the.range 0f5 NBhte.3800mwansleckical- aontindibeean beestistiished

between them by a tunneling effect or the like. Since the metallization layer is covered with the
synthetic rasibvwayer exceptfalltheticncnmectiod, the exidatioh pradaetioy erfshe dearannk synthetic

resin layer will never be impaired. Accordingly, the prj}sﬁent jnventiopn can ﬁro.\/idg am talligation trace
which ensupéesEiadrieAItbENEEHIITHE SRBECIMNEP St ZatiBR %’J&Bﬁﬁt SSEX A c6idlictor or

clectronic companant andis efigellyco raysning ausian efdbe meralizAtRnigy eh? i the
synthetic resi iayer is thinher than 5 nm, it becomes less
established between them by a tunneling effect or the like. Since the
metallization layer is covered with the synthetic resin layer except for the

15  connection, the oxidation preventing effect due to the synthetic resin layer
will never be impairéd. Accordingly, the present invention can provide a
metallization trace which ensures electrical connection between the
metallization layer and the external con&uctor or electronic component and
is effective in preventing oxidation of the metallization layer.

20 If the synthetic resin layer is thinner than 5 nm, it becomes less
effective in preventing oxidation; if the synthetic resin layer exceeds 1000
nm, it tends to act as an insulating layer. In order to be effective in
preventiﬁg oxidation and ensure conductivity, the thickness of the synthetic
resin layer is preferably in the range of 5 nm to 500 nm.

25 Ideally, the synthetic resin layer should extend over the entire

surface of the metallization layer, i.e., continuously and completely cover the

entire surface of the metallization layer, but the metallization layer may be



effective in preventing oxidation; if the synthetic resin layer exceeds 1000 nm, it tends to act as an
insulating layer. In order to be effective in preventing oxidation and ensure conductivity, the thickness
of the synthetic resin layer is preferably in the range of 5 nm to 500 nm 25Ideally, the synthetic resin
layer should extend over the entire surface of the metallization layer, i.e., continuously and completely
cover the entire surface of the metallization layer, but the metallization layer may be exposed through
an opening in the surface of the synthetic resin layer. However, the opening through which the

metallizatign layey is,exposed I sgihle Rt t.inpaikthe oxidation
X 0%?_5521%5?&55%??&%91%@?‘96&& smathas Ressiklesease i

preventingeeﬁe e synthetic resin layer is formed simultaneously with the metallization
layer. In thigsaseethe petailization thyet ytill weneh bthexposedliodbeail ayriikeshexpasedvhere the
metallization layer and the synthetic resin layer are formed at different times. Therefqre, the electronic
device carsbeyrblidethwith abigmallaity, BRigHNN Sred nARHiZaLERPAYELhE PREREEIIzation
trace may be formed on,a metal or alloy film such as a Cu film (Cu foil). When forming the
metallizatiBA W5 BELR ‘Fﬁ&h-melting-point metallic component and the low-melting-point metallic

companent on the S fllmy e ﬂl@céﬁﬂh@%&swﬁ sapcRe semiersiby; eeasing e seetional area of

the whole metallization trace without 15 varying the thickness of the Cu foil. Alternatively, the electrical
resistance gan he reldiscetbiy ineseadinghire sestjotiat ared dfihetwholemetatizatieneraee while
reducing the thickness of the Cu foil. The electronic device accqrding to the present invention may

be any eleeHiaesrdaubpaiEd Bhltke fdehiisrfyyvoraR dhsnee ANERYtRerRY 2b PaRidfrly, the

present ‘”Ve”t&%t‘iﬁ%%?gfg%%% é‘t%ﬁ.»x%? oé’t”ﬁi fé‘%@%t 1@@&!%@&3&@0@1&%@%@ an

electronic G&¢ I¢ component, a solar cell, a light-emitting diode, a light-emitting device, a

lighting appataids. A:signadighlandiatiguisktryaial dispiaid Altbavabethet alBreffrrekh jeiby specific
names, they are electrical products based on the 25 technology of electronics and therefore included
in thergategory of tiaelecttelicaldvicsaceoninghe themedsentanmsttbar alloy film such

as a Cu film (Cu foil). When forming the metallization trace of the
high-melting-point metallic component and the low-melting-point metallic
component on the Cu film, the electrical resistance can be reduced by
increasing the sectional area of the whole metallization trace without
15 varying the thickness of the Cu foil. Alternatively, the electrical resistance
can be reduced by increasing the sectional area of the whole metallization
trace while reducing the thickness of the Cu foil.
The electronic device according to the present invention may be any
electrical product based on the technology of electronics. Among them,
20 particularly, the present invention discloses a computer, a mobile phone, a
multilayer electronic equipment, an electronic device, ah electronic
component, a solar cell, a light-emitting diode, a light-emitting device, a
lighting apparatus, a signal light and a liquid crystal display. Although they
are referred to by specific names, they are electrical products based on the
25 technology of electronics and therefore included in the category of the
electronic device according to the present invention.

Effects of the Invention



Effects of the Invention According to the present invention, as has been described above, the
following effects can be obtained. (1) It is possible to provide an electronic device with a high-quality,
highly-reliable metallization trace which is excellent in oxidation resistance, conductivity,
electrochemical stability, density, compactness and mechanical and physical strength and also has a
high adhesion strength and bond strength to a substrate. (2) It is possible to provide an electronic
device in which when connecting an external conductor or electronic component to a metallization 10

race, electrical cogligul. an beeelanly FIRAShe ees Uhem bR RasUing exidalion

resistance. The o(i?\er objects, constructions and advantages of the present invention will be further

detailed belguwith refearce fobekttdabed drawings. However, the attached drawings show only
illustrative examples. 15 BRIEF DESCRIPTION OF THE DRAWINGS Fig. 1 js a drawing showing one
embodimeit of anléléstmmieitévice auevidngd m]@%ré%éﬁt Wé?ﬁlowltlblgaZhéggM al view

showing &, pat of STk fe mmetaliiation Gace whrch 1 Sceeis: SAWaRAE: fisistance,

5 conductivity, electrochemical stability, density, compactness and mechanical
and physical strength and also has a high adhesion strength and bond
strength to a substrate.

(@) It is possible to provide an electronic device in which when
connecting an external conductor or electronic component to a metallization

10 trace, electrical continuity can be certainly established between them while
ensuring oxidation resistance.

The other objects, constructions and advantages of the present
invention will be further detailed below with reference to the attached
drawings. However, the attached drawings show only illustrative examples.

15
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a drawing showing one embodiment of an electronic device
according to the present invention; | |
Fig. 2 is a sectional view showing a part of a metallization trace n
20 the electronic device shown in Fig. 1;
Fig. 3 is a sectional view taken at a different position of the
metallization trace in the electronic device shown in Fig. 1;
Fig. 4 is a drawing showing a conductive paste for forming a
metallization trace;
25 Fig. 5 is a drawing showing a coated state of the conductive paste
shown 1n Fig. 4;

Fig. 6 is a sectional view showing another metallization trace in an



Fig. 3 is a sectional view taken at a different position of the metallization trace in the electronic device
shown in Fig. 1; Fig. 4 is a drawing showing a conductive paste for forming a metallization trace;
25Fig. 5 is a drawing showing a coated state of the conductive paste shown in Fig. 4; Fig. 6 is a
_sectio_nal view showing another metallization trace in an electronic device according to the present
invention; Fig. 7 is a drawing showing a multilayer electronic device being another embodiment of
an electronic device according to the present invention; 5Fig. 8 is a plan view of a solar cell being still

another embodiment of an electronic devi(i(la accordir)cgi to th%.gresent invention;
electronic device according to the presentinvention, '

Fig. 7 is a drawing showing a mﬁ}tﬂayer electronic device being
another embodiment of an electronic device according to the present
invention;

5 Fig. 8 is a plan view of a solar cell being still another embodiment of
an electronic device according to the present invention:

Fig. 9 is a bottom view of the solar cell shown in Fig. 8 (which is
opposite from a light incident side);

Fig. 10 is a sectional view of a light-emitting diode being still ancther

16 embodiment of an electronic device according to the present invention;

Fig. 11 is a drawing showing a light-emitting device, a lighting
‘apparatus or a signal light using the light-emitting diode shown in Fig. 10;
and

Fig. 12 is a partial sectional view of a liquid crystal display using the

15 light-emitting diode shown in Fig. 11 as a backlight.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to Fig. 1, an electronic device according to the present

invention comprises a substrate 11 and electronic components 141 to 146. In

20  general, they are arranged inside an outer jacket 2. The substrate 11 has a

metallization trace 12 ha{fing a predetermined pattern. The substrate 11

may be an ofganic substrate or an inorganic substrate. It may also be a

substrate capable of forming a semiconductor circuit, e.g., a Si substrate, or a
simple insulating substrate.

25 The electronic components 141 to 146 are electrically connected to

the metallization trace 12 over the substrate 11. In Fig. 1, the electronic

components 141 to 146 are represented as a group by 14. The electronic



Fig. 9 is a bottom view of the solar cell shown in Fig. 8 (which is opposite from a light incident side);
Fig. 10 is a sectional view of a light-emitting diode being still another 10 embodiment of an electronic
device according to the present invention; Fig. 11 is a drawing showing a light-emitting device, a
lighting apparatus or a signal light using the light-emitting diode shown in Fig. 10; and
a partial sectional view of a liquid crystal display using the 15light-emitting diode shown in Fig. 11 as a

backlight. DESCRIPTION OF THE PREFERRED EMBODIMENTS

Fig. 12 is

Referring to Fig. 1, an

electronic devigs, asgarcing 19.hq present iueptonsaises 2 pubsitatect gnd lestionic
com ponenfs IEBRI%OD:LE

6.1n 2

general, they are arranged inside an outer jacket 2. The substrate 11

has a metallizatinn:tragenbahaviag Ravedetariiedratterhe Hy sebstrape khénay e emorganic
substrate or an inorganic substrate. It may also be a substrate capable of forming a semiconductor

circuit, e.gyarSidumsititeg ora thapfanséinniagsubtate Isiie eletlomc dhiHsne
are electrically conpected to the metallizati 1 th bsi In, 5i h
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e s'a group by electronic

141 to 146
electronic

clectrons within the electronic system and associated force fields in a -

predetermined manner so that the system can fulfill an intended function.
The electronic components 141 to 146 are connected to each other through
the metallization trace 12, forming an electronic circuit having a specific
function. The electronic components 141 to 146 may be packaged
individually or packaged collectively into a module in the form of an
integrated circuit. |

The electronic device according to the present invention may also be
embodied as an electronic device in which the substrate 11 serves the
function of the electronic components 141 to 146 without clear distinction
between the substrate 11 and the electronic components 141 to 146, for
example, as a solar cell.

As shown in Figs. 2 and 8, the metallization trace 12 has a
metallization layer 121 and a synthetic resin layer 122. The metallization
layer 121 has a low-melting-point metallic component 123 and a
high-melting-point metallic component 124, wherein the high-melting-point
metallic component 124 and the low-melting-point metallic component 123
are diffusion bonded together to form a continuous metallic layer having a
high packing density. The high-melting-point metallic component 124 may
include at least one component selected from the group consisting of Ag, Cu,
Au, Pt, Ti, Zn, Al, Fe, Si and Nj while the low-melting-point metallic
component 123 may include at least one component selected from the group

consisting of Sn, In, Bi and Ga.

16



components 141 to 146 are active components, passive components or composite components
thereof, and their number, type, shape and so on can vary depending on the function and design of the
electronic device. The electronic components 141 to 146 are designed to affect the behavior of 5
electrons within the electronic system and associated force fields in a predetermined manner so that
the system can fulfill an intended function. The electronic components 141 to 146 are connected to
each other through the metallization trace 12, forming an electronic circuit having a specific function.

The electronic components 141 to. 146 maybepackaged 4 individually wrpackatiesheriectively into a

module in the form of an integrated circuit. The electronic device according to the present invention

may also hgembediadsatheltciceitrdeliceanaeriéls thexsub30ate b sbivbs siatltiion of the
electronic components 141 to 146 without clear distinction 15 between the substrate 11 and the

electronic mesnpéments 24 LxdhigdotBraniprinadlbesrpesless CARERYH AP TESYE S ERd 3, the
metallization trace 12 has a metallization.layer 12 d a syntheticres| etallization
layer 121 Héédéti&ﬁ-’rfgﬁ?ﬁgﬁ%% e&%@t‘éﬁﬁ@cﬁ%ﬁb#&% i%%ﬁ%qgf% ﬁ%ﬂﬁﬁt&%g-%g%}%%m%allic
companen; 124, wherein the highsmelting-reinianetallic comaopentdddrandiigatunmeidng-point
metallic component 125 are diffusion bonded together to form a continuous metallic layer having a
high packipgdansitsnthetidhymetingshoikhrsstatiic thenponghetz4 reainindhigs at¥easfone

component selected from the group consisting of Ag, Cu, 25 Au, Pt, Ti, Zn, Al, Fe, Si and Ni, while the
Iow-melting@ﬂiﬁh@taﬁi‘é}%ﬁﬁ’&@e‘?ﬁ 512%?3;5%&3% at least one component selected from the

group consisting of 30, In, 81,300, 68, 1o T SNIDRIG fERDIRNERRZCANEERIDAIRUIge of the

o . - 1 : .
metallization layer ?LW% Slhickness i the range of 5 rum to 10%0 nm. If the synthetic resin layer

122 is thinper thans B ilibesenas sess efiediive dispraventing oxidation; if thehsyintsiimresin layer
122 exceeds 1000 nm, it tends to act as 5 an insulating layer. In order to be effectjve in preventing

oxidation angdersitefecrduntivitlcthetthidkrsiont the syhtveticiiesifigayer 129 iglpr&raply in the

range of 5 nm to 500 nm.  The synthetic resin layer 122 may continuously coyv y the top
face of thedREETARGH 4.4 500 P AR BeH PRt ey, Crece gt oY

penetrates through the synthetic resin layer 122 into the underlying
metallization layer 121, '
The synthetic resin layer 122 may comprise a thermosetting resin or
15 a thermoplastic resin. When using the thermosetting resin, preferably, its
curing temperature is higher than the melting point of the low-melting-point
metallic component 128 and lower than the melting point of the
high-melting-point metallic component 124.
Preferably, the resin includes at least one component selected from
20  the group consisting of an epoxy resin, an acrylate resin and a phenolic resin.
As a éolvent for making a paste, it is possible to use well-known organic
solvents such as butyl carbitol, butyl carbitol acetate, butyl cellosolve,
methyl isobuty! ketone, toluene and xylene.
Ideally, the synthetic resin layer 122 should extend over the entire
95  surface of the metallization layer 121, 1e., continuously and completely cover
the entire surface of the metallization layer 121, but the metallization layer

121 may be exposed through openings B, B2. Since the metallization layer

11



10 and end faces in a length direction. As shown in Fig. 3, the electronic components 141 to 146 are
connected such that a terminal electrode 13 penetrates through the synthetic resin layer 122 into the
underlying metallization layer 121. The synthetic resin layer 122 may comprise a thermosetting resin
or 15 a thermoplastic resin. When using the thermosetting resin, preferably, its curing temperature is
higher than the melting point of the low-melting-point metallic component 123 and lower than the

melting point of the high-melting-point metallic component 124. Preferably, the resin includes at least

O o s A iR U 4R £ORRIRRGBL ANISPRLIBEIN. A denlaffesiand a
phenolic resin. KEBROREnt for maﬁlng a pasfte, It Is possible to use well-known organic solvents such

as buty! cayhitol, bt carhitelacesatn, v oatesoles matbyl Isabuiyl ketoneitnluramiid xylene.
ldeally, the synthetic resin layer 122 should extend over the entire 25 surface of the metallization layer

121, i.e., contitichasl28ndeanmiediyrebdefiumenhendedaeehietiasisinmnnion ReérdE1, but the
metallization layer 121 may be expased through openings Bl, B2. Since the metallization layer 121
comprises PRERiHE rﬁ%ﬁirf@rp%?fﬁpm%?aﬁ' ecBPﬁ%‘bWe%ifTﬁlpé’ﬁﬂttﬁ%e%aﬁﬁ@ﬁﬂ[’gﬁpeosl n@n etattic
companent 123, whep ja-meltingrenintmetallcipaiclen iz e melted prdlfusian banded o
hlgh-meltlng-poml% metallic particles 124, for example, the high-melting-point metallic particles 124 may

5 remain inyiBesfloraa o pardicles 1ithawi peing eltecipl ibis ehsen slre metatfization leyeri 21 may
have a complicated uneven surface in which protrusions where the high-melting-point metallic particles

124 jut outpret T vitheseetke dudhsraaliansmamaiimp it meraftepatididyt 98P melted. This

tends to prevent the synthetic resin layer.122 from completely 10 covering the surf of the
metallizatid E§R M5 ,?ﬁ‘é‘?@%‘iﬁf&?ﬁﬁﬁ% %F\‘S i%%’n%ﬁs 'I§% Ll%%?h%et?g ﬁ%/(\:/ h t?ﬁséer%aé%liéggon layer
121 is expogefRartiparly, &t e pEQysions whergdhie Nighmeyingipoimoretadiamattties 124 jut
out. The openings B1, B2 should be made as small as possible so as not to impair the oxidation
prevenfing @fiect Thisleansbefdc achiche dibytatiimstingrhieyempasiticherntlayofehmsypithbeic resin, the

low-melting-point metallic component 123 and the high-mel,tin%:poi t metallic component&.24.
openings B1, B2 through which the metallization layer 121 1s exposed,

particularly, at the protrusions where the high'rﬁeking-point metallic
particles 124 jut out. The openings B1, B2 should be made as small as
possible so as not to impair the oxidation preventing effect. This can be
15 achieved by adjusting the composition ratio of the synthetic resin, the
Jow-melting-point metallic component 123 and the high-melting-point
metallic component 124.
As described above, since the metallization layer 121 comprises the
high-melting-point metallic component 124 and the low'melting-point
20  metallic component 125 and the high-melting-point metallic component 124
and the low-melting-point metallic component 123 are diffusion bonded
together, the following effects can be obtained.
At first, since the high-melting-point metallic component 124 and the
low-melting-point metallic component 123 are diffusion bonded together, the
95 electronic device can be provided with a metéllization layer 121 which is
excellent in electrochemical stability and oxidation resistance.

When Ag is used as the high-melting-point metallic component, for

12



As described above, since the metallization layer 121 comprises the high-melting-point metallic
component 124 and the low-melting-point 20 metallic component 123 and the high-melting-point
metallic component 124 and the low-melting-point metallic component 123 are diffusion bonded
together, the following effects can be obtained. At first, since the high-melting-point metallic
component 124 and the low-melting-point metallic component 123 are diffusion bonded together, the
25 electronic device can be provided with a metallization layer 121 which is excellent in

electrochemical stabiljt oxidation yesistance., en Ad is.u th vpjg{b lting-pint metallic
] MANEHI
component e aﬁ?b%e%ﬁgg%ﬁ?ﬁé%% 0 |%%ugscc\é/ue'r{s egtl\?vgégfgg ???8 tﬁe Iow-mel%ng-point metallic

component, 123 i the metallization layer 42 kHacraasindielesiacharieal stnilitnesesiainly prevent
the migration of Ag. Also when Cu is used as the high-melting-point metallic component 124, the

diffusion 5 &leptlingheasitsl beabiery Cu andahdoprenehinghsomtarrtitticodohparent ksl preventing
the oxidization of Cu. In addition, since the diffusion ﬁondir%g the hé?gin%jzl)tir%%#oint metallic
componenfRisanthadoimRIghgdintm OGNt BRBoH AT TPIPrIVides a E5nintSts thetallization
layer 121 free from a pore qr 10 discornecti 05iM:3Rg-cempagipess: of dhe msialfzation layer
121 cah be{jl %&%8‘?%%%?%%%%& on y%{oan ll}gt?{/?t%nbut alsog rgechanical and phyggal strength.

Moreover, singe jtsaiteins bethohaizighonelting:point metallic component 124 and the
low-melting-point metallic component 123, the electronic device can be provided with a highly

conductive metalliZationid&iayersindedtipe rdiffy sanhbondiagapEdibetibagh mel Hpe; nt invention,

furthermore, since the synthetic resin Iaéer 12%8co_ver the surface Oftﬂlg' metallization layer 121, the
metallizatioR¥5gHicL SABANSE brivditBH B BEE e AR S Fad ard S AR be improved in

oxidation r%srig;[%@(gse ’ gurggg%ﬁﬁgy%@ﬂlfﬁ%{%CQa%w 121 free from a pore or
10 disconnection, the density and compactness of the metallization layer 121
can be improved to increase not only conductivity but also mechanical and
physical strength. Moreover, sinéé it contains both the high-melting-point
metallic component 124 and the low-melting-point metallic component 123,
the electronic device can be provided with a highly conductive metallization
15 layer 121 depending on the material selection.

In the present invention, furthermore, since the synthetic resin layer
192 covers the surface of the metallization layer 121, the metallization layer
121 can be prevented from being externally damaged and can also be
improved in oxidation resistance, durability and weather resistance. Still
20 furthermore, since the synthetic resin layer 122 has adhesion strength and
bond strength to the substrate in addition to adhesion strengéh and bond
strength of the metallization layer 121 itself, the whole metallization trace

12 can be improved in adhesion strength and bond strength.
The synthetic resin layer 122 covers the surface of the metallization
25 layer 121 with a thickness in the range of 5 nm to 1000 nm. When subjected
to a heat treatment so as to connect the terminal electrodes 13 of the

electronic components 141 to 146 to the metallization trace 12, the synthetic
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20 furthermore, since the synthetic resin layer 122 has adhesion strength and bond strength to the
substrate in addition to adhesion strength and bond strength of the metallization layer 121 itself, the
whole metallization trace 12 can be improved in adhesion strength and bond strength. The synthetic
resin layer 122 covers the surface of the metallization 25 layer 121 with a thickness in the range of 5
nm to 1000 nm. When subjected to a heat treatment so as to connect the terminal electrodes 13 of the
electronic components 141 to 146 to the metallization trace 12, the synthetic resin layer 122 having a

tickness in.the tange 055 12,4900 . an. o, salienssar Jisied 1 igncoyhemthe connection
n Out.

or can be fMere burne us, the synthetic resinlayer can be eliminated from between the

metallizatiqpaayeidlal ansime teeminakelagirades 1Botiteeleiitonic Sacobpanentsl laddto 146,
ensuring that the terminal electrodes 13 of the electronic components 141 to 146 are directly

connectedtiotthedmethlPation thyeryiheHoawsithrggnpradre siipeited e RHSTRREN the

metallization layer 121 and the termjnal electrpdes 13 of the.electronic nents to 146, when
the synthefit&dBH &R 193 HaE t %&ﬁé’éﬁﬁ%&eﬁ%ﬁ%gggﬁgoge lcf(;%fp e eiﬁgt%hﬁl

nm to 0 nm, electrical continuity

can b%eSta%ﬁkh%B%Wf&i‘ therdey 2 funnelingaifectir the HikeSinteciheduetatizationdayer 121 is
the synt

covered with etic resin layer 122 except for the connection, the oxidation preventing effect
due to the guheticy esinjayrmta2 willtnelds bedndpaintly: dmroedhedlytotberastrilinvéntion can
provide a metallization 15 trace 12 which ensures electrical connection ql%%g/ien the metallization layer

121 and thiagemihaleldetrstlel! 166 HEEREHOMEE8MBEIENE 4410 TeERedfide in
ti idati fth tallizati 121, . [ hi theti
D g ai‘ﬁ%%zo&iﬂrﬁgﬁfﬁ‘ 'gﬂé]"’f')éﬁ'é gﬁrmmaw 'égesc‘ﬂ?@d%é '%‘;j'é‘“&s%h% piﬂﬁc?féﬁ?csy“ etic

resin Iayerlfﬁﬁ y or mechanically removed to permit the external conductor or the 20

terminal elegirodes 13.0f 1hq slegtapicsomeanentstlriaitifiebe 2liybedycanokaied ia the

metallization layer 121. Preferably, the synthetic resin layer 122 is formed simultaneously with the
metalfizatiafhéayenkalofn Shismase, 166 tnetallizduotriagbrebatinili Hevenbdexpeseditd tie air, unlike
the case where the metallization layer ) , L
between them by a tunneling effect or the like. Since the metallization layer
121 is covered with the synthetic resin layer 122 except for the connection,
the oxidation preventing effect due to the synthetic resin layer 122 will never
be impaired. Accordingly, the present invention can provide a metallization
15 trace 12 which ensures electrical connection between the metallization layer
191 and the terminal electrodes 13 of the electronic components 141 to 146
and is effective in preventing oxidation of the metallization layer 121.
With such a thickness, a part of the synthetic resin layer 122 can be
chemically or mechanically removed to permit the external conductor or the
90  terminal electrodes 13 of the electronic components 141 to 146 to be directly
connected to the metallization layer 121.
Preferably, the synthetic resin layer 122 1s formed simultaneously
with the metallization layer 121. In this case, the metallization layer 121
will never be exposed to the air, unlike the case where the metallization layer
o5 121 and the resin layer are formed at different times. Therefore, the

electronic device can be provided with a high-quality, oxidation-free

metallization layer 121.

14



25 121 and the resin layer are formed at different times. Therefore, the electronic device can be
provided with a high-quality, oxidation-free metallization layer 121. The metallization layer 121
and the synthetic resin layer 122 can be formed at once by using a conductive past including a resin, a
metallic component and a solvent. The metallization layer 121 and the synthetic resin layer 122 can be
5 obtained such that a conductive past containing the metallic components (the high-melting-point
metallic particles 124 and the low-melting-point metallic particles 123) and the resin 122 (see Fig. 4) is

applied to the substfate 11 in.a given r printi i o ke (see Fig. 5)
and then subjecte %153 %ecjetgnltlzg#mn ff)l%%% il %gée BRI PUNE RIS D) the ke |

reatment to cause diffusion 10 bonding. This eliminates the need for a

process ofgrapaling a,6epPBy-cladstiistratal ecpiracasssel anplydigam etebing resistariia
photolithography process which have been indispensable in the past, thereby achieving considerable
cost reductiompmeeimprodemeiyvenproductivity. The metallic particles may be round or flat. Preferably,

they have a nanocomposite 15 structyre. The nanocomposite.structure refers t tructure in which
crystalline or non-&%%ﬁ@“ﬁﬁ&bﬁtﬁﬂ%@a}g%tgggyﬂz N %ﬁ%%&&?yerigzscan b

&ré"Are two methods
for causing,diffysion Ronelipga PnedneiRd liaes g MlUR0 aRinkek e liipg:rant metalic
material while the other Utilizes nano-size effect, particularly, quantum size effect. In the 20 former, the
low-meltingtpeintipietallit:copponantiaiimelietideits inderend lahenkitingpbitgapdidiffusion

bonded to the high-melting-point metallic component 124. In the latter hjgh-meI{iPr;g- oint metallic
particles 12defibse pritticle siA23) tARknEs Readisrhal dsefod i & 188 saprl agthe

D P T S el od 0 DR TER A2 ema iy s on
diffusion bepding.inihe feymsianeibedsabiiizingéhs s meltnemeint &f htwse diffusion
10 bonding. This eliminates the need.for a process of preparing a copper-clad
substrate, a process of applying an etching resist and a photolithography
process which have been indispensable in the past, thereby achieving
considerable cost reduction and improvement in productivity. The metallic
particles may be round or flat. Preferably, they have a nanocomposite
15  structure. The nanocomposite structure refers to a structure in which
crystalline or non-erystalline nanoparticles are mixed or formed in a matrix.
There are two methods for causing diffusion bonding. One method
utilizes a low melting point of a low-melting-point metallic material while
the other utilizes nano-size effect, particularly, quantum size effect. In the
20 former, the low-melting-point metallic component 123 is melted at its
inherent low melting point and diffusion bonded to the high-melting-point
metallic component 124. In the Iatter,'high*ﬁelting*point metallic particles
124 whose particle size or thickness is as small as 100 nm or less are used as
a high-melting-point metallic material and melted by the nano-size effect at
25 a temperature lower than the inherent melting point (initial melting point)
of the high-melting-point metallic material to cause diffusion bonding.

In the former method of utilizing the low melting point of the

15



lowmltingpoint metallic material, preferably, heating is performed at a temperature higher than the
melting point of the low-melting-point metallic component 123 and lower than the melting point of the
high-melting-point metallic component 124, e.g., 100 to 300 C. This heat treatment melts the 5
low-melting-point metallic component 123, allowing the high-melting-point metallic component 124 and
the low-melting-point metallic component 123 to aggregate into a packed structure where the space
between adjacent particles of the high-melting-point metallic component 124 is filled with the molten

low-melting-point metallic component 123, whils the. diffusien 30. bonding (niefmgtalic,ponding)
occurs bet?ﬁgieﬁjﬁigchﬁlﬁﬁ%gI%in’%?r?glfriftcm%tagl\%c %%rﬁ%c%ent %3 and th% high-melting-point metallic
component 24, Ihis.difflsion hondinganakes it ppssittefielertove meldtizatiomiayertaRiccontaining
no resin. The metallization layer 121 sinks below the resin layer 122 because of the difference in
specific gravityp diis tekksindplowieinthan 3 meratiziniop eadeof Xhe i mel Sidareiop face and
side faces) of the metallization layer 121 red he.suhstrate 11 is covered with.th nthetic
resin Iayer@??@ﬁ&@%%%éég‘ﬁsﬁﬂaﬁg ?Zé%((sjv%r‘s helssér g‘élé“&f}%l}lae(ﬁ an qg%'d%eh aces) of the
metallization layen L21. no additiona; process nirayised fer.anRlyinadhe synthetichesipitayer 122.
20Eve|5§ wﬁgﬂv&%ells% Ege%‘%lg%?g%% {?ngltin%%-)point metallic 8omp%nent 12§4, the difflj?s?on bonding also

occurs betweeRIAg @rdpbadawimeling-tloinbmeiadlitingrppanentet aRiin dbwn puetetlizatdrndayer 121,
and in the entire conductive compaosition, furthermore, the metallization layer 121 is covered with the

synthetic resigrisgtel 20tThis strakkde SEMSTIYErBRETE the SPRgtattBeNY. AJ88CHRkn Cu is
soed s e g el PO el SnpEren 36, e Pondp R mdepen o an

molten low-melting-point metallic component 123, while the diffusion

10 bonding (intermetallic bonding) occurs between the low-melting-point
metallic componeﬂt 123 and the high-melting-point metallic component 124.
This diffusion bonding makes it possible to form a metallization layer 121
containing no resin. The metallization layer 121 sinks below the resin layer
129 because of the difference in specific gravity. This results in providing a

15 metallization trace 12 in which the surface (top face and side faces) of the
metallization layer 121 adhered to the substrate 11 is covered with the
synthetic resin layer 122. Since the synthetic resin layer 122 covers the
surface (top face and side faces) of the metallization layer 121, no additional
process is required for applying the synthetic resin layer 122.

20 Even when Ag is used as the high-melting-point metallic component
124 the diffusion bonding also occurs between Ag and the low-melting-point
metallic component 123 in the metallization layer 121, and in the entire
conductive composition, furthermore, the metallization layer 121 1s covered
with the synthetic resin layer 122. This structure certainly prevents the

95 migration of Ag. Also when Cu is used as the high-melting-point metallic
component 124, the diffusion bonding occurs between Cu and the

low-melting-point metallic component 128, and the metallization layer 121 18
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further cc_)vered with the synthetic resin layer 122, thereby preventing the oxidation of Cu. The
low-melting-point metallic particles 123 and high-melting-point metallic particles 124 may be round or
flat. When the particles are flat, for 5 example, it is desirable that they have a maximum thickness of
50 nm or less and a maximum diameter at least twice the thickness. According to another
e_mbodiment, the conductive paste may include metallic particles prepared by covering
hlg?-lrlneliing-pc_)i?t metallic particles 124 with a low-melting-point metallic film 123 or, contrary to this,
metallic articles prepared. efl - 1INg-PRI llig, et [

high-melti g?é%ﬁ%‘t %%%?% ?ﬁrlr@{ T%Begé%@%ﬂ%&gﬁ%gﬁ§h%m%%fﬁmﬂ%e?§ﬁc component

124 and the {awrmeliingpoint metallic component 123 may be formed on a metallic film 125, such as
a Cu film, as shown in Fig. 6. When 15 forming the metallization layer 121 of th high-melcting-point

tmheta:lictc_omlpongﬂfﬂ@bmmﬁiéimm@ﬁﬁg%éﬂhcrﬁéﬁﬂ?é%ﬁ?ﬁbﬁé‘ﬁt haghomeng HY(cu foil) 125,
e electrical resistance can he red by i ing th ' At
e T A SR R e s pr et

trace 12 w € ernatively, the electrical resistance can be

20 reduced b%%@g%? . jngithe,sestionat area afdbe wholeimelaligaian saces B2 sughitaswhile the

thickndss of m 125 1s rec_:luced, the metallization layer 121 of the high-melting-point metallic
component 334 agsihedewdiaiingpaintastalicceahpsheriti@s o be adhered thereto is formed
thick. 25The electronic device according to the present invention may be an

According to another embooﬁmen’c, the conductive past% may include
metallic particles prepared by covering high-melting-point metallic particles
124 with a low-melting-point metallic film 123 or, contrary to this, metallic

10 particles prepared by covering low-melting-point metallic particles 123 with
a high-melting-point metallic film.

The metallization trace 12 of the high-melting-point metallic
component 124 and the low-melting-point mftallic component 123 may be
formed on a metallic film 125 such as a Cﬁlﬁlm, as shown in Fig. 6. When

15 forming the metallization layer 121 of the high-melting-point metallic
component 124 and the low-melting-point metallic component 123 on the Cu
film (Cu foil) 125, the electrical resistance can be reduced by increasing the
sectional area of the whole metallization trace 12 without varying the
thickness of the Cu film 125. Alternatively, the ele.ctrical resistance can be

20 reduced by increasing the sectional area of the whole metallization trace 12
such that while the thickness of the Cu film 125 is reduced, fhe metallization
layer 121 of the high-melting-point metallic cbmponent 124 and the
low-melting-point metallic component 123 to be adhered thereto is formed
thick.

25 The electronic device according to the present invention may be any
electrical produbt based on the technology of electronics. Typical examples

include a computer, a mobile information equipment, a computer peripheral,
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electrical product based on the technology of electronics. Typical examples include a computer, a
mobile information equipment, a computer peripheral, an office automation equipment, a
communication equipment, a business information terminal, an automatic recognition system, a car
electronics equipment, an industrial machine, an entertainment equipment, an audio equipment, a
video equipment and a home appliance. More specifically, they 5 include, but not limited to, a liquid
crystal display, a personal computer, an automotive navigation system, a mobile phone, a multilayer

electronic equipment, a solar cell, a photovoltaic unj lght-emitti ' light;emitting device, a
lighting apﬁgrzﬁ%ea %ﬁlﬁﬁ%ﬁﬁ a %gén geélréiegcogr%% e, %t%%ig#cg%ggl?l %ﬁ%le%iﬁgrﬁmggﬁ DVD
player, an glectronis-10 @iganizar. an electenici dietionanytiahargsdisk recargerer gecsoeal digital
assistant (PDA), a video camera, a printer, a plasma display and a radio. Because of the limited
space, a mujtiiayee stectroniclegtipment chéotarage R GBI COHBHEIE Iy HR AR device, a

lighting apparatus, a signal light and a liquid ctystal display ill be cribed below,as an example of
the 15abo¥& BlBEHIHicHEIAES. COMmTES &rgﬁf@%a ﬂ%}ﬁel?e &Hing fifs 1€%¥g.t%?¥here is

illustrated a multilayer electroni ipment i which.a fitsl Parb A3 BesRIhERIPHart 14B and
a third’20 éﬁ%%%n@&%‘?% lg%c ge%%?r’l a (:(():‘lmputtgé,ré for exa%?%, th% first chip part 14A and the third
chip part 14Gmavbe achineftamaiy memory andlalogihi@ehip tarhd Ghnrectetheneto. The

second chip part 14B may be an interposer . o ,
equipment, a solar cell, a photovoltaic unit, a light-emitting diode, a
light-emitting device, a lighting apparatus, a signal light, a video game
console, a digital camera, a television set, a DVD player, an electronic

10  organizer, an electronic dictionary, a hard disk recorder, a personal digital
assistant (PDA), a video camera, a printer, a plasma display and a radio.
Because of the limif;ed space, a multilayer electronic equipment, a solar cell,
a light-emitting diode, a light-emitting device, a lighting apparatus, a signal
light and a liquid crystal display will be described below as an example of the

15  above electronic device.

1. Multilayer Electronic Equipment
Referring first to Fig. 7, there is illustrated a multilayer electronic
equipment in which a first chip part 14A, a second chip part 14B and a third
20 chip part 14C are stacked. In a computer, for example, the first chip part 14A
and the third chip part 14C may be a chip of a main memory and a logic IC
chip to be connected thereto. The second chip part 14B may be an inferposer
to be disposed between the first chip part (main memory chip) 14A and the
third chip part (logic IC chip) 14C and provide desired traces between them.
95 Metallization traces 12 are formed in a predetermined pattern between the
second chip part 14B and the third chip part 14C and between the second

chip part 14B and the first chip part 14A. Terminal electrodes 13 of the first
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to be disposed between the first chip part (main memory chip) 14A and the third chip part (logic IC
chip) 14C and provide desired traces between them. 25 Metallization traces 12 are formed in a
predetermined pattern between the second chip part 14B and the third chip part 14C and between the
second chip part 14B and the first chip part 14A. Terminal electrodes 13 of the first chip part 14A and
terminal electrodes 13 of the second chip part 14B are connected to the metallization traces 12.
Insulating layers 132 are provided between the first chip part 14A and the second chip part 14B and

betuieen the secand chip BArh 145 and ey Abip P4, SThsmelallzalien tagesA2 comprise a

metallization ]I%y%'erUiZ and a synthetic resin layer 122 according to the present invention (see Figs. 2
and 3). TheJnaiizationlayerddlihasiahighadsellingfpsitatieia licyeonpéentel pdoaitkd
low-melting-point metallic component 123, the high-melting-point metallic component 124 and the

low-meltingpqtoeemételif vonsponarart Bt foandrthairgsistibardenadydtherad dohsF H Whtinuous
ayer 171 (ECNARHE SiHaREBRE ARTATSaoR LGB & thickness i the range of 5 mm 10
e e e
oxidation registaaer, tensityyeempacivessdang toedhapicalearid physitahstsendiheand alsd have a
high adhesion strength between substmrates. Since the synthetic resin layer JI ig (C:g}\lllerg n'[(Elrtftsurface of
the 3). The metallization layer 121 has a high-melting-point meta P
124 and a low-melting-point metallic component 123, the high-melting-point
metallic componenf 124 and the low-melting-point metallic component 123
10 being diffusion bonded together to form a continuous metallization layer 121.
The synthetic resin layer 122 is formed simultaneously with the
metallization layer 121 to cover the surface of the metallization layer 121
with a thickness in the range of 5 nm to 1000 nm.
Thus, the multilayer electronic equipment can be provided with
15  high-quality, highly-reliable metallization traces 12 which are excellent in
conductivity, electrochemical sﬁabﬂity, oxidation resistance, density,
compactness and mechanical and physical strength and also have a high
adhesion strength between substrates. |
Since the synthetic resin layer 122 covers the surface of the
20 metallization layer 121 with a thicknese in the range of 5 nm to 1000 nm, it
can serve as a substantially conductive. layer while servirig as an oxidation
preventing layer for the metallization layer 121. When subjected to a heat
treatment so as to connect the first chip part 144, the second chip part 14B
and the third chip part 14C to the metallization traces 12, the synthetic resin
25 layer 122 having a thickness in the range of 5 nm to 1000 nm can be softened

or fluidified to flow out from the connection or can be melted and burned out.

Thus, the synthetic resin layer can be eliminated from between the
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20 metallization layer 121 with a thickness in the range of 5 nm to 1000 mn, it can serve as a
substantially conductive layer while serving as an oxidation preventing layer for the metallization layer
121. When subjected to a heat treatment so as to connect the first chip part 14A, the second chip part
14B and the third chip part 14C to the metallization traces 12, the synthetic resin 25 layer 122 having a
thickness in the range of 5 nm to 1000 nm can be softened or fluidifled to flow out from the connection
or can be melted and burned out. Thus, the synthetic resin layer can be eliminated from between the

metalization lpyer 104, and e syming| sleciiades of e fishebiorpad A dhe segandlalip part 148

and the thifdf ¢ Ip par ; ensuring that the terminal electrodes of the first chip part 14A, the second
chip part 148 apd.shq thirshchirpart B4sharelsirettly Caipciedtolthe, eskalizatothayeht21. 5 Even
if the synthetic resin layer 122 is left between the metallization layer 121 and the terminal electrodes of

the first chippaindialatesdeond Sripiyatt dup asdtHethirtherippad thip wish A8 shetic resin

layer 122 has a thickness in the range of.5 nm to 1000 nm, electrical cantinuit n_be established
between tH&% W@t&hﬁbﬁﬁ&te%%t%ﬁt érﬁﬁﬁys‘}ﬂ&?ﬁ%g@‘% %egfgll‘(i%%%%gi a%l(}llfgalyer s

fayer IS covered with the

synthefic reqin laycA22 suseptdar e sapnestion; dnerdatiaepiswentina uiesichisdpuhe synthetic

resin layer will never be impaired. Accordingly, the present invention can provide a metallization
trace 12 whigh gagutis elactrigal cdnoaciies bétueefithe chetalizatidrfayted 22 camnd thkirerminal

electrodes of the first chip part 15 14A, the second chip part 14B and the third chip part. 14C and is
effective inppudvhbrapekidatidrisk ehainmaeivatioragaths synthefesienay ﬂ‘fiéli?r?egé‘?a part of the

o the frst En ARt EPSLERG iy BT LA Tt e St A ety Ui clectodes

established between them by a tunneling effect or the like. Since the

10  metallization layer 121 is covered with the synthetic resin layer 122 except
for the connection, the oxidation preventing effect due to the synthetic resin
layer 122 will never be impaired. Accordingly, the present invention can
provide a metallization trace 12 which ensures electrical connection between
the metallization layer 121 and the terminal electrodes of the first chip part

15 14A, the second chip part 14B and the third chip part 14C and 1s effective In
preventing oxidation of the metallization layer 121.

With such a thickness, a part of the synthetic resin layer 122 can be
chemically or mechanically removed to permit the terminal electrodes of the
first chip part 14A, the second chip part 14B and the third chip part 14C to

20  be directly connected to the metallization layer 121.

When the second chip part 14B is an interposer, it is desirable that
through-electrodes are formed in a thickness direction using a so-called TSV
(through-silicon-via) technology. This realizes a three-dimensional circuit
structure, contributing to increasing the capacity and the transfer rate and

95  improving the high-frequency characteristics with a different approach from
reducing the line width.

A vertical conductor that plays a central role in realizing the TSV

20



20 be directly connected to the metallization layer 121. When the second chip part 14B is an
interposer, it is desirable that through-electrodes are formed in a thickness direction using a so-called
TSV (through-silicon-via) technology. This realizes a three-dimensional circuit structure, contributing to
increasing the capacity and the transfer rate and 25 improving the high-frequency characteristics with
a different approach from reducing the line width. A vertical conductor that plays a central role in
realizing the TSV structure is preferably a conductor formed by a fluid conductive material filling

process. With the fluid conductive material filling process,.for e I j tor
(through-eEEHOGEEcLh e 8%1@5 SERRNE cgo u? ré:(olﬁg'au}afiv% ng%gr%‘f&,}‘;%ﬁ\%{ ?n?gc?%g%qhole

previously HH%‘};i%@e§§.bﬁf£ﬁﬁetﬁ@ﬂqi@%c§ﬂ@§cﬂ% GOndEtYe Matepadds o alaceanehpardened while
ue 10

a pressure a pressing plate, an injection pressure or a rolling pressure is being applied thereto.
With this fluig candistlveomdtetiat fitimg ppicebs:thigteyalitybeefiical asbraebtoratthrollgifelectrodes)
free from voids or the like can be formed in an extremely short period of time as compared with 10
plating an@@ﬂ?@ﬁk@.v?ﬁ@@ﬁﬁ’éfléﬁ‘n@llﬁél}%ﬁl?éI‘félé’f‘r&ﬂkeééﬁﬁgéoﬁﬁi)fn%’%ﬁrﬁe&&rﬁgﬁﬁgﬁ% structure for

ncreasing the capagty andih Uansier ale apdduRIPYIG NG hiokefieAUEREK ShaagteTglics can be

realized with* approachc?r%m reducing the line width. According to another embodiment,

the three-dipensionghsiruciuseckaisanbetcalized hytappiingsthe TEY iothnglpgystuiiedelectronic
components 141 to 146 themselves such as a memory or a logic IC. 2.Solar Cell For electrical

connectiorbia agp #pelmcbitiscesnayéth ahindluidooondssiiico raatestahyiah BIP8eSack side of a
silicon subgurate L1 (Ahich 5, 0RPOSIS om 2 il et e oshon i FifaSnd e after a
like can be formed in an extremely short period of time as compared with
10 plating and the like. Therefore, a high-quality electronic device having a
three-dimensional structure for increasing the capacity and the transfer rate
and improving the high-frequency characteristics can be realized with a
different approach from reducing the line width.
According to another embodiment, the three*di_mensional structure

15 can be realized by applying the TSV technology to the electronic components

141 to 146 themselves such as a memory or a logic IC.

2. Solar Cell
For electrical connection to a p+semiconductor layer 14p and an
20 n+semiconductor laver 14n on a back side of a silicon substrate 11 (which is
opposite from a light incident side), as shown in .Figs. 8 and 9, after a
passivation film 126 formed over the back side of the silicon substrate 11 is
removed in a desired pattern, a p electrode contact 15p and an n electrode
contact 15n are formed on the p+semiconductor layer 14p and the
25 n+semiconductor layer 14n, respectively, at portions from which the
passivation film 126 is removed. Moreover, a metallization trace 12n 1s

formed on the passivation film 126 and the n electrode contact 15n, while a
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passivation film 126 formed over the back side of the silicon substrate 11 is removed in a desired
pattern, a p electrode contact 15p and an n electrode contact 15n are formed on the p+semiconductor
layer 14p and the 25 n+semiconductor layer 14n, respectively, at portions from which the passivation
film 126 is removed. Moreover, a metallization trace 12n is formed on the passivation film 126 and the
n electrode contact 15n, while a metallization trace 12p is formed on the passivation film 126 and the p
electrode contact 15p. The metallization trace 12p and the metallization trace 12n are electrodes for

mainly collecting a curen qenerajed n e sofer cell and Jormed s o eysioial legyagle. When a

number of $6i € arrangéd on a single silicon substrate 11, either the metallization

trace 12p qfihg muetalzation ifgﬁ&e 18R GARisee a5 briscelectiodmritennestiittheisolar cells.
It should be noted that the metallization trace 12p comprises a metallization layer 121p and a synthetic

resin layert22p1asa showheinBigss fox 2remd!s. chHe chistaiization TdygerE apedas theeHigliimelting-point
metallic component 124 and the low-melting-point metallic component 123. The high-melting-point
metallic co?ﬁ@oﬁéﬁtfﬂ@%oaﬁ]@?b\?\ﬁﬁ%ﬁ?ﬁé%]o HiEP&tic ﬁoﬁeﬂﬁé@eﬁrg{iﬁﬂ%ﬁo e(iésénded

together. The synthetic resin layer 122p is f Inltaneously with.theynetallization;layer 121p to
15 cover th%%ﬁ@a%% ot the %?gtgﬁ}z%%%%%y%eﬁr 1 %p?é with a thickness inethe range of 5 nrln to 1000 nm.

Likewise, the, metaljizationirase 4N compfisesce metalizatiesrayeisl 21bandlacynthetiorresin layer
122n. The metallization layer 121n has the high-melting-point metallic component 124 and the

low-meltingquoirtdagridtaiticlesrmpdnent 123. The high-melting-point metallic component 124 and the
L21m, The synthetl rEBE O 2158 13/ ed i NAABEER St R CPa SLR L2 o
cover the syrface; of the.maralization Javer 1ehanwith 3dbigknaRS i1 408 ranam ok wrargd 000
10 2 and 3. The metallization layer 121p has the high-melting-point metallic
component 124 and the low-melting-point- metallic component 123. The
high-meltingpoint metallic component 124 and the low'melting-point
metallic component 12‘3 are diffusion bonded together. The synthetic resin
layer 122p is formed simultaneously with the metallization layer 121p to
15 céver the surface of the metallization layer 121p with a thickness in the
range of 5 nm to 1000 nm.
Likewise, the metallization trace 12n comprises a metallization layer
191n and a synthetic resin layer 122n. The metallization layer 121n has the
high-melting-point metallic component 124 and the low-melting-point
20  metallic component 123. The high-melting-point metallic component 124 and
the low-melting-point metallic component 123 are diffusion bonded together
to form the metallization layer 121n. The synthetic resin layer 122n 1s
formed simultaneously with the metallization layer 121n to cover the surface
of the metallization layer 121n with a thickness in the range of 5 nm to 1000
25 nm. The formation process is the same as described above. |
Since the synthetic resin layers 122p, 122n cover the surface of the

metallization traces 12p, 12n with a thickness in the range of 5 nm to 1000
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25 nm. The formation process is the same as described above. Since the synthetic resin layers
122p, 122n cover the surface of the metallization traces 12p, 12n with a thickness in the range of 5 nm
to 1000 nm, they can serve as a substantially conductive layer while serving as an oxidation
preventing layer for the metallization layers 121p, 121n. When subjected to a heat treatment so as to
connect an external conductor (not shown) to the metallization traces 12p, 12n, the synthetic resin
layers 122p, 5 122n having a thickness in the range of 5 nm to 1000 nm can be softened or fluidified to

flow out from the connection.ar gam e melizdiang Buegav: Ty haisyibelisgeaindayer can be

eliminated fom between the metallization layers 121p, 121n and the external conductor, ensuring that

the externaksandustasrisvdisently tonnediad thethe enethilizetion layers 121p, 121211VEean if the
synthetic resin layers 122p, 122n are left between the metallization layers 121p, 121n and the external

conductor,swhjsted byrithetiatrésralaperns BPopS 1192AORRGEt I RHEELH t%‘ffé«@ro %hm to 1000
nm, electrical continuity can be established between.them;b i - ke, Since the
metallizatiSH9 r§cléi?:)flﬁtfﬁlé%%i%ncorvaecﬁesd\f\:§ﬁ)h #lé‘l nmh%%me&@ge%%%l%gg W,

e synthetic resin layers 122p, 122n except for

the copnectios), the exidation Araventing effestduetoshasyptheto resinciayexs stlmd@an will never

be impaired. Accordingly, the present invention can provide metallization traces 12p, 12n which ensure
electrical copngctioh teefiveenthefroatalhratiomieyiars 121 pan din medtase adebyaneshetibtor and is

effective in 20 preventing oxidation of the metallization layers 1215)%%[2£n. V\éith sucr% a thickness, a
part of the Sintheti@eesiinaheric1 225im OB 65nB@ cREmRLIFY? Hide ]é%aﬁ)? Tveo permit the

etalizatR ALE TS SECHRING (HANE e Lo S B e b astatec
solar cell byt alsa 19.0fher ivnes & solkcalls. doonexasdple theandalliseditor faymativilof a
transparent electrode in.a solar cell hav_ing a transparent electrode such as ITO on its ”%Ihlt incident
10 121n. Even if the synthetic resin layers 122p, 122n are left between the
metallization layers 121p, 121n and the external conductor, when the
synthetic resin layers 122p, 122n have a thickness in the range of 5 nm to
1000 nm, electrical continuity can be established between them by a
tunneling effect or the like. Since the metallization layers 121p, 121n are
15 covered with the synthetic resin layers 122p, 122n except for the connection,
the oxidation preventing effect due to the synthetic resin layers 12213, 122n
will never be impaired. Accordingly, the present invention can provide
metallization traces 12p, 12n which ensure electrical connection between the
metallization layers 121p, 121n and the external conductor and is effective in
20  preventing oxidation of the metallization layers 121p, 121n.
With such a thicknesé, a part of the synthetic resin layers 122p, 122n
can be chemically or mechanically removed to permit the external conductor
tlo be directly connected to the metallization layers 121p, 121n.
The metallization trace 12 according to the present invention can be
95  applied not only to the illustrated solar cell but also to other types of solar

cells. For example, it can be used for formation of a transparent electrode 1n

a solar cell having a transparent electrode such as ITO on its light incident
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side or for o mation of an electrode in a dye-sensitized solar cell. 3.Light-Emitting Diode Fig. 10 shows
a light-emitting diode according to the present 5 invention. The light-emitting diode shown in Fig. 10
comprises a light-emitting element 140, an n metallization trace (first metallization trace) 12n, and a p
metallization trace (second metallization trace) 12p. The light-emitting element 140 is deposited on a
transparent crystal substrate 161. The transparent crystal substrate 161 is made of sapphire or the like
and has a light-emitting surface on its top side, while the light-emitting element 140 is deposited on the

other side of the transparent.crystal sulstrate pRosite from. ight-emitting surface. The
Iight-emittiF\’(jl‘éI@FT@F@%Z‘f&‘ri‘s%1 orr}'/r%e%%Sc%c%ggé%ﬁn%ty%%éégré?gg%gﬁétgglg%}kﬂn is formed on a buffer
layer 162 deposited on the transparent crystal substrate 161 and a p-type semiconductor layer 14p is
deposited over the n-type semiconductor layer 14n with an active layer 14a therebetween. The n-type
semicondwg:tor lay®i giinEtosetogthiadnsparent crystal substrate 161 has an area 164 which does

not overlap with the p-type semiconductor. layer 14p, and a.recess at this area 164 is filled with a metal
; el s hal bt s

20 conductive layeF 1855 1PhahastaIi2 attiiraLe! e iS50 1heé n ) pe serhiconductor layer

14n, while Ih‘eferﬂgtallizafiﬁg trﬁgﬁt’l,g&mgﬁgnqﬁ%to dhePrlyne semicontyicigsiayaeds#paThe

metallizatién frace t2n comprises a metallization layer 121n and a synthetic resin layer 122n, and the
25 metallizgian-fayer k2l neisigined tatheasurface efdfizzatbial concicifuestayer k8B zTHermetallization
trace 12p has a metallization layer 121p that is dispgsed 0&1 g}r;gt;%r?z% g,ii(():lg i?rsatcg? %etalyﬁéation trace
12n and campeetedto and a p metallization trace (secon D
light-emitting element 140 is deposi_i:ed on a transparent crystal substrate
161. The transparent crystal substrate 161 is made of sapphire or the like
10 and has a light-emitting surface on its top side, Whiie the light-emitting
element 140 is deposited on the other side of the transparent crystal
substrate 161 oppoéite from the light-emitting surface.
The light-emitting element 140 1is formed such that an n-type
semiconductor layer 14n is formed on a buffer layer 162 deposited on the
15  transparent crystal substrate 161 and a p-type semiconductor layer 14p is
deposited over the n-type semiconductor layer 14n with an active layer 14a
therebetween. The n-type semiconductor layer 14n close to the transparent
crystal subsﬁrate 161 has an area 164 which does not overlap with the p-type
semiconductor layer 14p, and a recess at this area 164 is filled with a metal
20 conductive layer 165.
The metéllization trace 12n is connected to the n-type semiconductor
layer 14n, while the metallization trace 12p is connected to the p-type
semiconductor layer 14p. The metallization trace 12n comprises a
metallization layer 12In and a synthetic resin layer 122n, and the
o5  metallization layer 121n is joined to the surface of the metal conductive layer
165. The metallization trace 12p has a metallization layer 121p that 18

disposed on the same side as the metallization trace 12n and connected to
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the p-type semiconductor layer 14p through a reflection film 163. First and second through
electrodes 17NT, 17PT passing through a support substrate 11 and the synthetic resin layers 122n,
122p are connected to the metallization layers 121n, 121p, respectively. The metallization trace
12n is formed at once using a common conductive paste including a resin and a metallic component.
The metallic component has the high-melting-point metallic component 124 and the low-melting-point
metallic component 123, the high-melting-point metallic component 124 and the low-melting-point
metallic component 123 being 10 diffysion honded together into the metallization layer 121n. The
synthetic ré8fhRaEe IR EORIBHIECE Tﬁg%gﬁpan 80‘%2%% t‘ﬁee?l gﬁhggg%%ﬁh%%etallization layer 121n

with a thickness in e, ranae of & R R0 ket rodEbe MetllizAtvnEaceL2thisalge formed at
once using a common conductive paste including a resin and a metallic component. The metallic 15
componentigsdhedibberaedting geintimetatichetin pesientay24ahd2he 184 pmekingapsitemetallic
component 123, the high-meltin -point metallic component 124 and the low-melting-point metallic
componentd 2BebeiatpdiFasion g@fﬁi@ dLbbtierittd tAReHEYAN  ation layer 121p. The synthetic resin
layer 122p covers surface,of the metallizatjon, laye Wi thi s, in.thesange of 5 nm
to 1000 nm. The retfﬁe}%n%gat s%ﬁzilglg?nirc%?gs%%ﬁ%%Igctglkr%%ygg %&%Vwrgér%gsabove structure, the
light-emitting diode; 6an, herprayided: with highauaity shighbalaliablemmeaializalon layerslli21p, 121n

which are excellent in conductivity, electrochemical stability, oxidation resistance, 25 density,

compactnessapehmecarcahantighysiedtmiesnginaruedrbipavenansgrddiedonzdeédyth and bond

strength to a substrate. Since the synthetic resin layers,122n, 122p cover the surface pf.the _

metallizatigR T yReSHBE ROYH H’\‘Rﬁ%&cﬂﬂmf}ﬁqﬁgﬁarﬁg o%lg%gr%l%%%%é) it tﬁléef %%1# serve as a

substantially O\%:{}oﬁnodﬁjecﬁi?\;elWe YHi1§ SSIYIRGAs R LYo MRIGYRAUASHAVRIRE thegmeéalization layers
en

|
121p, 121n. subjected to a heat treatment so as to connect the first and second through
10 diffusion bonded together into the metallization layer 121n. The synthetic

resin layer 122n comprises the resin zind covers the surface of the
metallization layer 121n with a thickness in the range of 5 nm to 1000 nm..

The metallization trace 12p is also formed at once using a common
conductive paste including a resin and a metallic component. The metallic

15 component has the high-melting-point metallic component 124 and the
low-melting-point metallic component 123; the high-melting-point metallic
component 124 and the low-melting-point metallic component 123 being
diffusion bonded together into the metallization layer 121p. The synthetic
resin layer 122p covers the surface of the metallization layer 121p with a

90  thickness in the range of 5 nm to 1000 nm. The reference sign 166 indicates

| an insulating layer.

With the above structure, the light-emitting diode can be provided
with high-quality, highly-reliable metallization layers 121p, 121n which are
excellent in conductivity, electrochemical stability, oxidation resistance,

95  density, compactness and mechanical and physical strength and aiso have a
high adhesion strength and bond strength to a substrate.

Since the synthetic resin layers 122n, 122p cover the surface of the
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5 electrodes 17NT, 17PT to the metallization traces 12p, 12n, the synthetic resin layers 122p, 122n
having a thickness in the range of 5 nm to 1000 nm can be softened or fluidified to flow out from the
connection or can be melted and burned out. Thus, the synthetic resin layer can be eliminated from
between the metallization layers 121p, 121n and the first and second 10 through electrodes 17NT,
17PT, ensuring that the first and second through electrodes 17NT, 17PT are directly connected to the
metallization layers 121p, 121n. Even if the synthetic resin layers 122p, 122n are left between the

metalizatn lyers 21 1210 s e st o sesand Doy lciodescy NI &/ fnhen he

synthetic r&% ave a thickness in 15 the range of 5 nm to 1000 nm, electrical
continuity gan he established befyveen inembi Ajunnelingaftetipnitelike sBiviaghesmetallization
layers 121p, 121n are covered with the synthetic resin layers 122p, 122n except for the connection,
the oxidatioxi greienting efietingutarethéosyrhhetetedliviijers Ezps 152wl HeverHeeinpaired.
Accordingly, the present invention 20 can provide metallizatign traces 12p, 12n which ensure electrical
connectiorﬁEBIW‘g@ﬁ fReAmt AN R RIMEHER0 12 [° f?ﬁ?%%d%ﬁee ﬁ@% f‘r%lod) né’i’ &Iﬁmu g

5eCo
secon rougﬁ electrodes

17NT, 17PT and ig effectyg i ting oxidatien,ofthe matalizasion faversnl2ipniRdi. With such a
thicknéss, %E%ngrff)%ﬁwgzyn hgt???:gﬁ :‘!g%ers 122p, 1212n 25 can be !([:S)hemically or mechanically
removed tgrMitybesfirstand seponshipugthetketsoddn 1ENTFahgP Tit6 berdiediiBommected to the -
metallization layers 121p, 121n. The metallization trace 12 according to the present jnvention

can be appiiedrosohbntsithe fiuitifed tighewmiving G dbLER RS (O BIRRFRHEE BHHGRAEemitting

diodes. For example, it can be used for formation of a transparent eleetrode in a light-gmitting diode
having a traR&pAkdht e?é’t,ttrg‘gﬁ%%c gsﬁ@%%tffs ﬁ%fmltl}e?ng&ft?ﬁgcgae%gl.I%%fﬁ]}é#nk%ﬁng%evice,
Lighting ARpatals, o RIRALLilatiof ndd:shows;s it emiiaculeviedaying apbaraily (m) of
light-emitting diodes LED1 to LEDm. The light-emitting diodes LED1 to

10 through electrodes 17NT, 17PT, ensuring that the first and second through

electrodes 17NT, 17PT are directly connected to the metallization layers

121p, 121n. Even if the synthetic resin layers 122p, 122n are left between the

metallization layers 121p, 121n and the first and second through electrodes

17NT, 17PT, when the synthetic resin layers 122p, 122n have a thickness in

15 the range of 5 nm to 1000 nm, electrical continuity can be established

between them by a tunneling effect or the like. Since the metallization layers

121p, 121n are covered with the synthetic resin layers 122p, 122n except for

the connection, the oxidation preventing effect due to the synthetic resin

layers 122p, 122n will never be impaired. Accordingly, the present invention

20 can provide metallization traces 12p, 12n which ensure electrical connection

between the metallization layers 121p, 12In and the first and second

through electrodes 17NT, 17PT and is effective in preventing oxidation of the
metallization layers 121p, 121n.

With such a thickness, a part of the synthetic resin layers 122p, 122n

95  can be chemically or mechanically removed to permit the first and second

through electrodes 17NT, 17PT to be directly connected to the metallization

layers 121p, 121n.
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10 LEDm are identical to that shown in Fig. 10 and comprise the light-emitting element 140, the n
metallization trace (first metallization trace) 12n, and the p metallization trace (second metallization
trace) 12p. The concrete structure of the light-emitting diodes LED1 to LEDm is the same as described
with reference to Fig. 10. The light-emitting diodes LED1 to LEDrn may be 15 arranged in a single row
or in a plurality of rows. Moreover, a common substrate may be used for the light-emitting diodes
LED1 to LEDm. Furthermore, the arranged light-emitting diodes may include R, G and B ones or may

be monochromatic,The light-emitti iC . 13,5 4588 jghtin
e}ppgratus ora tra?“ﬁgefiéﬁ?%ﬁslﬁﬁ é{:rgttggg%r%%%%gﬁgr}ggc%%%%@i@p%ﬁ%he Ilgﬁ%ﬁﬁ%ﬁgg dev?ce, the
lighting appgfatus asd dagysienaldighidiaueckigiy hualini rndy diatditnbaliquid GlystaiyDisplay 25Fig.
12 is a drawing showing a liquid crystal display which is an assembly of a liquid crystal panel 8 and a
backlight ®fTheliaekiightrgzisiorned Bovrermanalsiuilispimber aedight efari o des £ED1 o

LEDm shovyn in Fig. 11 are arranged in the form of. matrix. As understood from.the foregoing
descr@ptiorﬁlﬁﬁﬁﬁﬁﬁlérﬁﬂﬁqﬁ%ﬁ’a}mag h%%gtﬁf and réﬁg ity The' %reaéerﬁ%gllrl?\(/sé(r%lt|leo(%l as been
described in defalh 2BQYR WIHTO on its light-emitting side.

4. Light-Emitting Device, Lighting Apparatus or Signal Light
Fig. 11 shows a light-emitting device having a plurality (m) of
light-emitting diodes LED1 to LEDm. The light-emitting diodes LED1 to
10 LEDm are identical to that shown in Fig. 10 and comprise the light-emitting
element 140, the n metallization trace (first metallization trace) 12n, and the
p metallization trace (second metallization trace) 12p. The concrete structure
of the light-emitting diodes LED1 to LEDm is the same as described with
reference to Fig. 10. The light-emitting diodes LED1 to LEDm may be
15 arranged in a single row or in a plurality of rows. Moreover, a common
substrate may be used for the light-emitting diodes LED1 to LEDm.
Furthermore, the arranged light-emitting diodes may include R, G and B
ones or may be monochromatic, |
The light-emitting device shown in Fig. 11 can also be used as a
20 lighting apparatus or a traffic light. As understood from the foregoing
description, the light'emitting device, the lighting apparatus and the signal

licht have high quality and reliability.

5. Liquid Crystal Display

25 Fig. 12 is a drawing showing a liquid crystal display which i1s an
assembly of a liquid crystal panel 8 and a backlight 9. The backlight 9 1s
formed such that a plurality (m) of the light-emitting diodes LED1 to LEDm
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5 reference to preferred embodiments. However, obviously those skilled in the art could easily devise
various modifications of the invention based on the technical concepts underlying the invention and
teachings disclosed herein. WHAT IS CLAIMED IS: 1. An electronic device comprising a substrate
(11) and an electronic component (141-146), the substrate (11) having a metallization trace (12),

the metallization trace (12) having a metallization layer (121) and a synthetic resin layer (122), the
metallization layer (121) having a high-melting-point metallic component (124) and a low-melting-point

metallic co ponent the h| h-melti t I nant awrpelting-point
10 metalli¢ 8??’1?)6%%@(1 jhei m%?ﬁl%rﬁigﬁp t?gr)lrr%]}d€n g%gg%%%d%%éﬁ)ﬁ E;Hg; gt%fgcetof the

substrate (1) Oméh%iéé/&tlﬁwestﬁéaﬂﬁﬁﬂézz&@@flﬂ leﬂyeIiﬁmmﬂmrimglhslymaﬁht;heamétalhzatlon
layer (121) to cover a surface of the metallization layer (121) with a thickness in the range of 5 nm to
1000 nm, }bih&diectronic component (141-146) being electrically connected to the metallization layer

121). 2. The electronic device claimed in C alm wherein the s nthet I erh thickness in
'Ehe r)ange of 5 nm 1500 EHFE Do invention Jbee (?escrl e(}/ ) ¥GL N@a

5 reference to preferred embodiments. However, obviously those skilled in

a1

the art could easily devise various modifications of the invention based on

the technical concepts underlying the invention and teachings disclosed

herein.
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3. The electronic device claimed in Claim 1, wherein the high-melting-point metallic component and
the low-melting-point metallic component have a nanocomposite structure. 25 4.The electronic device
claimed in Claim 2, wherein the high-melting-point metallic component and the low-melting-point
metallic component have a nanocomposite structure. 5. The electronic device claimed in Claim 1,
which is a computer, a mobile information equipment, a computer peripheral, an office automation
equipment, a communication equipment, a business information terminal, 5 an automatic recognition
system, a car eIc_ ronjc equipm ..L an industrial machine, an entertainment equipment, an audio
equipment;-avitteo-egtiprier ome appliance. 6. The electronic device claimed in Claim 2,
which is a gomputey,, 3,30 mgbile infermation savipmant.sheerapiter Periphesl, ar@ffiggautomation
equipment, a communication equipment, a business information terminal, an automatic recognition
system, a eangleatranid ¢guigsient, an industrial machine, an entertainment equipment, an audio
equipment, a video equipment or,a home appliance. 15 7. The electronic device claimed in Claim 3,
which is a computéheasﬁibﬁﬂ@‘iﬁf@mal}%ﬁ%ﬁlﬁ‘ir}ﬂ?éﬁg]é%?ﬁppﬁﬁ?epé]r' heral, an office automation
equipment, a communication.equipment, a i Informati ' ' %yag! ognition
syster, a car elec@%% i%lgta%ﬁﬁ%nggh ?a%?‘r?g u@?a?%%ﬁmr%%h%agt}%ﬁg{géﬁﬁg?rﬁ%ﬁgquipn%(e{ﬁ{ an audio
equipment.a.videq eQURMEpEST pAgme appliance. 8. The electronic device claimed in Claim 4, which
is a computer, a mobile information equipment, a computer peripheral, an office automation 25
equipment, a comrthuniostiedl sguiomelaty erbUiside skarfoematibigtsmehin sipeirbrigie e ognition

system, a car electronic equipment, an industrial machine, an entertainment equyj nt,.an audio
equipmentpﬁmm&?m (125 and a TOW*me ting-pomnt metaﬁﬁc componeng d?%, the

high-melting-point metallic component (124) and the low-melting-point

10 metallic component (123) being diffusion bonded together and adhered to a
surface of the substrate {(11), | |
| the synthetic resin layer (122) being formed simultaneously with the
metallization layer (121) to cover a surface of the metallization layer (121)
with a thickness in the range of 5 nm to 1000 nm,
15 the electronic component (141-146) being electrically connected to the

metallization layer (121).

2. The electronic device claimed in Claim 1, wherein the synthetic resin

layer has a thickness in the range of 5 nm to 500 nm.

3. The electronic device claimed in Claim 1, wherein the
high-melting-point metallic component and the low-melting-point metallic

component have a nanocomposite structure.

25 4. The electronic device claimed in Claim 2, wherein the
high-melting-point metallic component and the low-melting-point metallic

component have a nanocomposite structure.
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equipment or a home appliance.
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5. The electronic device claimed in Claim 1, which is a computer, a
mobile information equipment, a computer peripheral, an office automation
equipment, a communication equipment, a business information terminal,
an automatic recognition system, a car electronic equipment, an industrial
machine, an entertainment equipment, an audio equipment, a video

equipment or a home appliance.

6. The electronic device claimed in Claim 2, which is a computer, a
mobile information equipment, a computer peripheral, an office automation
equipment, a communication equipment, a business information terminal,
an automatic recognition system, a car electronic equipment, an industrial
machine, an entertainment equipment, an audio equipment, a video

equipment or a home apphance.

7. The electronic device claimed in Claim 3, which 1s a computer, a
mobile information equipment, a computer peripheral, an office automation
equipment, a communication equipment, a business information terminal,
an automatic recognition system, a car electronic equipment, an industrial
machine, an entertainment equipment, an audio equipment, a video

equipment or a home appliance.

8. .The electronic device claimed in Claim 4, which is a computer, a
mobile information equipment, a computer peripheral, an office automation
equipment, a communication equipment, a business information terminal,
an automatic recognition system, a car electronic equipment, an industrial

machine, an entertainment equipment, an audio equipment, a video
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equipment or a home appliance.
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