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1 SPECIFICATION JUNCTION STRUCTURE, METHOD OF JOINING,
?WRING BOARD AND PROCESS FOR PRODUCING THE SAME 5
[0001] Technical Field The present invention relates to a joint structure, a
joining method, a wiring board and a method for producing the 10 same.
[0002] Background Art Recently, as electronic devices are highly
densified, circuit substrates such as a flexible print wiring board used 15
in those electronic devices aresmwitticlayered.cAs one of the laminating
techniques for forming a multi-layer circuit substrate, a build-up method
has been employed. The build-up method is a method for laminating a

resin layerdormed ofronlyrresimandconductivertayges serthattbesonrp anp
interlaéyer 20 connection is established between the conductive layers

PHitob ﬁtﬁ@%ir?g’i@?gﬁmﬁyé?ﬁl?oﬁﬁ% general, this build-up method

includes a method for interlayer-connecting conductive layers after via
holes are 25 formed on a resin laver and a method for laminating a resin
LR/t hfter joint portions are formed on a conductive layer. The joint

portionshetmeemthe;congductive layers are formed either by plating the
via holes or by using a conductive paste. 30 [0004] As a technique
capableht fErfRG  StAaBRER VL triiGthfe 8fd Behiéving Hehsifieatrgrure, =

5 and simplfication of:2 wiring board and a method for producing the
game.
[0002]

Background Art

Recently, as electronic devices are highly densified,
circuit substrates such as a flexible print wiring board used
in those electronic devices are multi-layered. As one of the
laminating techniques for forming a multi-layer c¢ircuit
substrate, a build-up method has been employed. The build-up
method is a method for laminating a resin layer formed of
only a resin and conductive layers so that the interlayer
connection i1s established between the conductive layers
through the gingle resin layer.

[0003]

In general, this build-up method includes a method for
interlayer-connecting conductive layerg after via holes are
formed on a regin layer and a method for laminating a resin
layer after joint portions are formed on a conductive laver.
The joint portions between the conductive layers are formed
either by plating the wvia holes or by using a conductive
paste.

[0004]
As a technigque capable of forming a stacked via

structure and achieving densification and simplification of



10

15

20

30

the wiring design, there is known a method which accomplishes electrical
connection between conductive layers by forming micro via holes for the
electrical connection on a resin layer by laser irradiation and filling the via
holes with a 5 conductive adhesive such as copper paste, in which the
conductive adhesive provides the electrical connection between the
conductive layers (see, for example, Japanese Patent Laid-Open

 Rublication;Ne- £e):8;315298). [0906}, Q- Haowever,inthis,methed, SIReA 1 shes
the electrical connection between the layers is accomplished by the ’
e &EhRdtctRR adhRRVeS e Felidlsiitys s BiteiPhELSUHviaNnt 785 Sin Bdef RFrming

wfilkthe ngicro-via holes with the conductive adhesive,a highly advanced oqip
technique is required. 15 Further, since the conductive adhesive hasa
1 palgfvely hight Bh-résisthcat Wwhenatis fifiéd initte ralero-vicehdlessthewith a

cendasistance isdncteased. Therefore, it isgifficult tg use sucha o yi o che
conductive adhesive for the electrical interlayer connection between

ConpsiFates Whete A8 is Raeieiat®s 20 high densiyt(0oos] connection
pecqridingly, instead-of the Jechnigue, of filling the yigzholes.withihe ;. nqc
conductive adhesive, a technique of using metallic protrusions
Pecoridtictive PoSE) hadbdeirasé @rasies the technidue 8fUsing the
[eendyctive posts, there is known a method of mechanically connecting
the conductive posts with a conductive pad without using an interlayer
adhesifesgefor exampléidgpan Patermd.aid-GpasPublidation NbeHerical

L1524934), [0007] 30 Howeyer, this,method ipyolves.a prablem, insthagitis ¢,
difficult to completely eliminate the interlayer adhesive between the
cepiyttivepostib andithe conductive pad siich 1s often not sufficient.
Also, in order to £fill the micro-via holes with the
conductive adhesive, a highly advanced technique is reguired.
Further, since the conductive adhesive has a relatively high
on-resistance, when it is filled in the micro-via holes, the
on-registance 1is increasged. Therefore, it 1g difficult to
use such a conductive adhesive for the electrical interlayer
connection between substrates where a wiring i1s made at a
high density.

[0006]

Accordingly, instead of the technique of filling the
via-holes with the conductive adhesive, a technique of using
metallic protrusions (conductive posts) has been used. Ag
the technigque of using the conductive posts, there is known a
method of mechanically connecting the conductive posts with a
conductive pad without using an interlayer adhesive (see, for
example, Japan Patent Laid-Open Publication No. Hei 11-54934) .
[0007]

However, this method involves a problem in that it is
difficult to completely eliminate the interlayer adhesive

between the conductive posts and the conductive pad, such
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3 that the reliability is not sufficient. [0008] Also, when the structure is
re-heated for the mounting of pars, after the interlayer connection is
formed once, 5 there is a case that the solder formed for the interlayer
connection re-melted, deformed and moved, thereby deter orating the
reliability of the interlayer connection. §0009] Disclosure of the Invention
10 Itis an object of the present invention to provide a joint structure

thaving high camnection reliability between; a.gonductive member and an
electrode member and a superior thermal resistance of a joint portion

[HeRFeen layers, and a joining method using the joint structure. 15 [0010)
Also, iisanotherobjectofihe present invention o proyide a wiring hoard ;

comprising a joint structure having a high connection reliability between a
Storititictive mehitsér ahbicanieletifodd tenttsarraie-a supetior fiermed  once,

e resistance of a2 joint portiophetweernslayers and g method for praducing, .. .

the same. [0011] In order to achieve the object, the present invention
c e folicing feataressd) to (% Qsm@@jqin%@ﬂructm‘f@@hpris“irlvgéreby
aaondyctive member .contaiging; copper as,a majprcomponent inereef, -

an electrode member containing copper as a major component thereof,
L@afh8% joint portion formed by fusion welding the conductive member 30

and the glegtrode memher with a hrazing material containing tin as a

major component thereof and containing substantially
It is an object of the present invention to provide a

joint structure having a high connection reliability between
a conductive member and an electrode member and a superior
thermal resistance of a joint portion between layers, and a
joining method using the joint structure.

[0010]

Also, it is another object of the present invention to
provide a wiring board comprising a joint structure having a
high connection reliability between a conductive member and
an electrode member and a superior thermal resistance of a

joint portion between layers and a method for producing the

same .
[0011]

In order to achieve the object, the present invention

includes the following features (1) to (16)

(1) A  Jjoint structure comprising a conductive member
containing copper as a major component thereof, an electrode
member containing copper as a major component thereof, and a
joint portion formed by fusion welding the conductive member
and the electrode member with a brazing material containing
tin as a major component thereof and containing substantially

no copper, wherein the amount of copper atoms contained in
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no copper, wherein the amount of copper atoms contained in 4. the alloy
in the central part of the joint portion is higher than that in the outer
circumference part. (2) The joint structure according to the above feature
(1), 5 wherein the copper atoms existing in the central part of the joint
portion are formed by diffusing the copper atoms contained in the
conductive member and/or the electrode member. 10 (3) The joint
tructure according to the _abave feature (1) or (2), wherein the amaunt.of
Rt o coained s P g in the Cmal A of ot poich 21"
t1sa30 atem%i or therexdise(d) Jhesjoint strecture @ecording to any one of
the above features to (3), wherein the difference [SI-S2] of the amount
[SI] of copper atoms contained in the alloy in the in the central part of the
(jpint partienandchthesamount:fS2]0f ccopperatomstontaineddn theaalloyin(1) |
he outer go circumferencg asrt o;{tihgé'gir?t portio&is 10 atom%J ormore. . .,
Y5y The" jowﬂestrcfj%%br%rac%orallng?o any ohe of the above TeatureS T -0
i @)nwheseinttherconductiveanemberlis/a prictfudingeledtiode. 250@) atoms
The jqint structure according to any one of the above features (1) to (6),
TREASHTRe by o Ry S s SE () Riming e =oe
mBearsk-comprising the joint structure according to any one of the above
features (1) to ) 5 (8) A joining method which comprises fusion welding a
conductive member containing copper as a major component thereof and
(an electrode;menbes containing copperasraymajorche above feature (1)

or (2), wherein the amount of copper atoms contained in the

alloy in the central part of the joint portion is 30 atom% or

more .
(4) The joint structure according to any one of the above
features (1) to (3), wherein the difference [81-82]1 of the

amount [S1] of copper atoms contained in the alloy in the in
the central part of the joint portion and the amount [S2] of
copper atoms contained in  the alloy in the  outer

circumference part of the joint portion is 10 atom% or more.

(5) The joint structure according to any one of the above
features (1) to (4), wherein the conductive member i1is a

protruding electrode.

(6) The joint structure according to any one of the above
features (1) to (6), wherein the brazing material further

compriges silver.

(7) A wiring board comprising the joint structure according

to any one of the above features (1) to (6).
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component thereof with a brazing material containing tin as a 5 major

component thereof and containing substantially no copper, wherein the

molter state of the brazing material in the fusion welding is controlled so

that the amount of copper atoms contained in the alloy in the central part

of the brazing material after the fusion welding is higher than that H) in

the outer circumference part. (9) The joining method according to the
(@pove,feature (8),, wherein the fysion welding state s majptained @l 8s; g -

temperature which is 25t higher than the melting point of 15 the brazing
cangiterial. (20) THrbjeiningamethodiaccordingprorttheaabowe feafre (8)ycowonent

{9). wherein.the fusion welding state s maintaiged for.CO. seconds ata ., 4
ttgm?)cératlajlr’le which is?ﬁ}gher than the melting 20 poinct;of toh]gegbrazing meler
congteriah {1t hAjeining risthed which somprises fasionwdldingiag tin as a
nSonductive member containing copper as.a ajor component thereokand
ah electrode member containing copper as a major 25 component theredf
ceyithear bradirg miateridlecontainiy titas-a majok tempoaentitheredfaanhl in
containing substantially . no copper . the joining method comprising th
t%?ep% of. :%l first %a(t%ﬁl ih \}vﬁic%ocggﬁge’lrya?ém?cgtn}tlgi%eoaq}ﬁ tﬁten[13 Oggg% u%ﬁvg opper
amemberare diffusied imto thesbrazihg ynaterialSo: 1@ astoaalloythetcopper the

neontained in the.canductive memiar and tne In contaned In e braging o,
mazterlgl, and copper atoms contained in the electrode member are
idiffilseddntoethect rorazfigrmaterialzsotas to alloy the copper contained in
the electrode member and the tin contained in the brazing material to
thereby form a film shaped alloy part where the amount of copper atoms
(epntaimee injtherdllay indheddazing Sriateriat aftehthedusion eldingtis (8) ,

15 atowA. or less; an , ‘ , .
wheregn t%e fugion welding state 1g maintained at a

temperature which is 25C higher than the melting point of

the brazing material.

(10) The joining method accorxding to the above feature (8)
or (9), wherein the fusion welding state is maintained for 60
gseconds at a temperature which 1g higher than the melting

point of the brazing material.

(11) A Jjoining method which comprises fusion welding a
conductive member containing copper as a major component
thereof and an electrode member containing copper as a major
component thereof with a brazing material containing tin as a
major component thereof and containing substantially no
copper, the joining method comprising the steps of:

a first step in which copper atoms contained in the
conductive member are diffused into the brazing material so
as to alloy the copper contained in the conductive member and
the tin contained in the brazing material, and copper atoms

contained in the electrode member are diffused into the
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a second step in which the alloying of the copper whose atoms are
diffused and the tin of the brazing material is further facilitated to thereby
form island shaped alloy parts where the amount of cooper atoms
contained in the alloy in 10 the brazing materia]. after the fusion welding is
25 atom% or less (12) The joining method according to the above feature
(11), further comprising a third step in which the alloying of the 15 copper

bmgatg%eqr@aciiff%%eda@nctBﬂeatmfghe@éa_ze%%g@e%{%g%ilgateﬁn the
so that the amount of copper atoms contained in the alloy in the central
e pafttefthe brazinge matefidl aftércthe Fdsion swsldimgris higher thahthatinazing

nihe outer circumference part, 20 (13) The jginingmethed acgarding to.any . .

one of the above features (9) to (12), whereinthe brazing material in the
afirsitepls inPRItentstake. 28114) The jdiﬁin@hﬁetﬁb@l@ﬁcé@?dﬁg?to@h@ﬂ ing
nQPE.0f the above features(P).1o (13)swherein the brazing materialin the 5

second step is in a molten state. (15) The joining method according to any
one oféhéabové SOFeatiirey(9)io (L4 whereinithe lrbzingematarizs in whose

a g, third step ; Ap a.molten state, 7 (16) AJpetbad fof producing awiting |
board comprising a first substrate includino a conductive member
feontainingacopperasd major conanenttherésf amd asetond substrateoarts

ificluding, an lectrade rember, contaiping copper as amajor 5.compopent,
thereof, wherein the first substrate and the second substrate are joine

t oy athrerzby thenjoirting aethbdeaccolding e amy onelefithe above> atom% or

1Iaesagures (9) to (13) [0012]

(12) The joining method according to the above feature (11),
further comprising a third step in which the alloying of the
copper whose atoms are diffused and the tin of the brazing
material i1s facilitated so that the amount of copper atoms
contained in the alloy in the central part of the brazing
material after the fusion welding is higher than that in the

outer circumference part.

(13) The Fjoining method according to any one of the above
features (9) to (12), wherein the Dbrazing material in the

first step is in a molten state.

(14) The Jjoining method according to any one of the above
features (9) to (13), wherein the brazing material in the

gsecond step is in a molten state.

(15) The Fjoining method according to any one of the above

features (9) to (14), wherein the brazing material in the
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Brief Description of the Drawings 10 FIG. 1 is a cross-sectional view to
explain the process for joining a conductive member and an electrode
member. FIG. 2 is a cross-sectional view to explain the process for
joining a conductive member and an electrode member. FIG. 3 is a
cross-sectional view to explain the progess 15 for joining a conductive
member and an electrode member. FIG. 4 is a cross-sectional view to

(§xplain, the, process Aor joining,a conductive member and, an 8'885'{}%9% sing a

member. FIG. 5 Is a cross-sectional view showing an example of the joint
fétrectureaiceording tothe presert inventiomRO-EIF 6 isratross- sagttaining
-19p8.... view showing,an example. of the,wiring:board having 8 Sh-aYel s vace

Stracture, TOOlBj“B%st Mode for Practicing the Invention Now, the joint
istrictdrengnc thes omittg arethotk @5=according ta: theopresentanvertion wiltk jor
che described, [00141 The joint, gtrygture:aceording to e PIESEN ¢ye cecona

invention comprises a conductive member containing copper as a major
scoraponert thereof, amealectrgde lember ¢értaining:coppercasiad Gaajording

com onentethgtre(gl‘l,lgn ?ﬁl%ntéoeoa{gon f%rq%q bxéusg’gg))welding the

d
to a on a, e . . .
con L}Etlve member andb e electroélle membeér with a brazing material

[edritaining tin as a major component thereof 8 and containing

substantially.no copper, wherein.the amount of copper atoms contained
in the a I%%/%/r% tﬁg che%%r%%g& o?"trr:%eﬁ%in rp%ﬂ%%?fs higher than that in the

outer cimrmferernce: parto5s {0GEsL Atsts the jaininganethot=diccordimgrinocess

he present invention comprises fusion welding a conductive member
gbr‘?o?nlng a condué@gve meéker ané %n é{ectro e member.

FIG. 2 18 a cross-sectional view to explain the process
for joining a conductive member and an electrode member.

FIG. 3 18 a cross-sectional view to explain the process
for joining a conductive member and an electrode member.

FIG. 4 is a cross-sectional view to explain the process
for joining a conductive member and an electrode member.

FIG. 5 is a cross-sectional view showing an example of
the joint structure according to the present invention.

FIG. 6 1is a crose-sgectional view showing an example of
the wiring board having a six-layer structure.
[0013]

Best Mode for Practicing the Invention

Now, the Joint structure and the Joining wmethod
according to the present invention will be described.
[0014]

The joint structure according to the present invention
comprises a conductive member containing copper as a major
component thereof, an electrode member containing copper as a

major component thereof, and a joint portion formed by fusion

bt
joN

welding the conductive member and the electrode member with a

brazing material containing tin as a major component thereof
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containing copper as a major component thereof and an electrode
member containing copper as a major component 10 thereof with a
brazing material containing tin as a major component thereof and
containing substantially no copper, wherein the molten state of the
brazing material in the fusion weldinggds controlled so that the amount of
copper atoms contained in the alloy in the central part of the 15 brazing

~{s0ldering) material after the fusion weldiagds higherthan:that inthe,uter oz
circumference part. [0015] Further, the wiring board according to the
CRRESENt SRYBALICTPESAPISESs the jGiREstidct@ié asdeskfbettabaye. pert of

£ #Q01 7] Tiladdifjgn . thepresent ipveption provides aipethod; for . oucer
producing a wiring board comprising a first substrate including a

c epAdiEREREMBE Eontaining copper as a major component thereof and

[ &s@cond substrate including an 25 electrode member containing copper
as a major component thereof, wherein the first substrate and the second
substrateSare jied toEdeh stherdythe joimirrmetiat asdesdribedoresent

1.2boye-; [0018]. 30.FIG. L to ElG: 4, are ¢rossssectional viewsto.explain e,

process for joining a conductive member and an electrode member. 9
CEIG2 SHsEcrosseetionakview sSHowiAg arcexamplerdf tHeyoimtstruckneg  an

o cgording to fhe.present invention, FIG. 85 a,crogs -sect igNa. . VieW,, o ane
showing an example of the wiring board having a six-layer structure. 5

1609} Firsti6hallathereiniing meticd isedeserbpad:onthg tin as a major
component thereof and containing substantially no copper,
wherein the molten state of the brazing wmaterial in the
fusion welding i1s controlled so that the amount of copper
atoms contained in the alloy in the central part of the
brazing (soldering) material after the fusion welding is
higher than that in the outer circumferencé part.

[0016]

Further, the wiring board accordiﬁg to the present
invention comprises the joint structure as described above.
[0017]

In addition, the present invention provides a method
for producing a wiring board comprising a first substrate
including a conductive member containing copper as a major
component thereof and a second substrate including an
electrode member containing copper as a major component
thereof, wherein the first substrate and the second substrate
are joined to each other by the joining method as described
above.

[oo18]

FIG. 1 to FIG. 4 are cross-sectional viewsg to explain

the process for joining a conductive member and an electrode
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basis of the embodiment shown in the drawings. 0020] In the joining
method of a joint structure according to 10 the present invention, the
molten state of a brazing material 12 in the fusion welding process is
controlled so that the amount of copper atoms contained in the alloy in
the central part 31 of the brazing matgrial 12 ,joint portion 3), after
joining, is higher than that in the outer circumference part 15 32. [00211
That is, by cantrolling the malten state,of the hrazing, Materjal. 12, CORRET ¢ of
atoms contained in a conductive member 1 and/or electrode member
tlate tiffusedsintorthiejontaporion 120 36 faciitars tfeealfoying {CHéShb)
[0022]-lp this conpectiqn, itis 19 he noled thalihe amount, of CopReLampie of
atoms contained in the alloy in the central part 31 and the outer
t crcunerence pard32.of itve joinspertion 3ss 25-mieasuiesd by, for
ple, atom analysis by X-ray spectroscopy, X-ray photoelectron
spectroscopy (XPS) , area analysis of Energy-Dispersive X-ray
Spectrostepy (EDX)land thedike 010023} The tbnductive deembeband the the
nglectrode memberarg, 30 generallfusioneldeg by. sojdering. The
usion welding by the soldering Is performed by efiow soldering. In the
[ joiging by reflow soldering, the thermal treatment to melt the solder is

performed.in a short period of time to-prevent, deterioration.in quality of.
@n t%e OLnEn m tﬁm? éjg[g8§4t QEJ égﬂ % ggé%é? g t

the substrates ahd components by

eat. 5 However, when

tbenductivermemberanibthe ¢leetrodé tmenerare jdinediogethegbyaterial

13"'%%“”3%‘6’3'3 gggh short ti

ion wefgang process 1is controlled sgo that the

amount of copper atoms contained in the alloy in the central

part 31 of the brazing material 12 (joint portion 3), after

joining, is higher than that
32.
[0021]

That is, by controlling

in the outer circumference part

the molten state of the brazing

material 12, copper atoms contained in a conductive member 1

and/or electrode member 2 are
3 to facilitate the alloying
[0022]

In this connection, it

diffused into the joint portion

(CugSns) .

1s to be noted that the amount

of copper atoms contained in the alloy in the central part 31

and the outer circumference part 32 of the joint portion 3 is

measured by, for example, atom analysis by X-ray spectroscopy,

X-ray photoelectron spectroscopy (XPS), area analysis of

Energy-Dispersive X-ray Spectroscopy (EDX) and the like.

[0023]

The conductive member

and the electrode member are

generally fusion welded by soldering. The fusion welding by

the soldering is performed

joining by reflow soldering,

by reflow scldering. In the

the thermal treatment to melt
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thermal treatment, the soldering part can be melted and thereby,

disconnected, or the mounted components can be dismounted, owing to

shortage of thermal resistance, if re- 10 heated. [0025] The present

inventor has conducted studies to prevent the re-melting of the joint

portion by re-heating. As a. result, it has been found that even in a joint

structure 15 joined by a joint portion formed by the fusion welding of a
cirazing material containing §n s amajor.companeny thereof and. prevent

containing substantially no copper, if the amount of copper atoms
debntained in the alfoydnahétentral pdreof the jointpertivRds Rijepditats oY
ndhat in the outer 20 circumference part, it is possible to have a high

connection reliability between a conductive member and an electrode
[eferiber and a superior thermal resistance of the connection between

layers.{00261,25 As, shown in EIG, 51, a.gondugtive member hayinga . o rode

brazing material 12 at the end and an electrode member 2 are fusion

meveided with the breedng astétialcl 20 forpd Agoinrdportien Sual skdwihtin tine

cEIG, 24 thereby enabling to,obtain.a jjoint sructure. 1030 [0027] HET. BN ang
adhesive having flux activity may he interposed between the brazing
thratekial 12 dndtheredettrode [lomerhber 2nofusion weldtherbragzing can e

d:%nsanﬁ%@?%'tlezd?”%&Q%ﬁ"’t"trogﬁo@@%gr 2eForexample, he adhesive ¢ .
aving flux activity ay%e appliedon the surface of the brazing material
h&2trdn the surface of the electrode member 2. 5 [0028]

[0025]

The pregent inventor has conducted studies to prevent
the re-melting of the Jjoint portion by re-heating. As a
result, it has been found that even in a Jjoint structure
joined by a joint portion formed by the fusion welding of a
brazing material containing tin as a major component thereof
and containing substantially no copper, if the amount of
copper atoms contained in the alloy in the central part of
the Jjoint portion 1is higher than that in the outer
circumference part, it is posgsible to have a high connection
reliability between a conductive member and an electrode
member and a superior thermal resistance of the connection
between layers.

[0026]

As shown in FIG. 1, a conductive member 1 having a
brazing material 12 at the end and an electrode member 2 are
fusion welded with the brazing material 12 to form a joint
portion 3, as shown in FIG. 5, thereby enabling to obtain a
joint structure 10.

[0027]
Here, an adhesive  having flux activity may be

interposed between the brazing material 12 and the electrode
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The adhes;_ve having flux activity functions to reduce the oxide ].ayer on
the surface of the brazing material 12 and the oxide laver on the surface
of the electrode member 2. Therefore, when the brazing material 12 and
the electrode 10 member 2 are fusion welded, by removing (reducing) the
oxide layer of the brazing material 12;and the oxide layer of the electrode
member 2, the brazing material 12 and the electrode member 2 can be

ndiflyjoined together and gleetiicaltesistance.can e redyced. 15 [0029] tne

Also, the adhesive having flux activity need not be removed by washing
e hftef HreibrazingPratetial 12°akd e Brd@rodeifiemibercz arejoldites £lux

a£aCh other agg thys, thgpgﬂqdéaftw&proeﬁgs caphe.simplified. EQdther, o - ng
the adhesive 20 having a flux property exhibits excellent adhesion by

mheatng land cah Eruséd as antintstlayer Membérformedhatreenithe -

[ggagtjlctive member 1 and the electrode member 2. [0030] The adhesive
having a flux property may comprise, for 25 example, an epoxy resin, a
harderiihg agéht s rerlubing ‘agent lakd @ filmi-forming st {0081]Fhereduce

t SQO@!{ 5.%%” 1@@% P eo(?{tr@{@ns%%)ycrgs&wmg I}g r'gzal ﬁ@'%ﬁt@éﬁ» ﬁ]—i foem ong
temperature of an epoxy resin which 30 is in a liquid staté at room
t@ng@ra@e.Jﬁlfgegfthefep@%ﬁregwmyeindﬁdetﬁmh &r}@pé@)@:@s?mwﬁwﬁ’ 2.
Tﬁe@g%%%@, stae,at rgom temaoze{aéfem%%@fgwyfss'gwamcbﬂg N3 12 roqe
Liquid state at room temperature. Therefore, the degree of freedom in
mdaigning mettingisslvavioraofdhée resitr caantwe faitherircreasad) [0082] oxide

layer of the brazing material 12 and the oxide layer of the
electrode member 2, the brazing material 12 and the electrode
member 2 can be firmly joined together and electrical
resisgtance can be reduced.

[0029]

Also, the adhesgive having flux activity need not be
removed by washing after the brazing material 12 and the
electrode member 2 are Jjoined to each other and thus, the
production process can be simplified. Further, the adhesive
having a flux property exhibits excellent adhesion by heating
and can be used as an interlayer member formed between the
conductive member 1 and the electrode member 2.

[0030]

The adhegive having a flux property may comprise, for
example, an epoxy resin, a hardening agent, a reducing agent
and a film-forming resin.

[0031]

The epoxy resin may be either an epoxy resin which is
in a solid state at room temperature or an epoxy resin which
is in a ligquid state at room temperature. Also, the epoxy
resin may include both an epoxy resin which is in a solid

state at room temperature or an epoxy resin which is in a
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5 Examples of the epoxy resin which is in a solid state at room
temperature include, but not limited to, bisphenol A epoxy resins
hisphenol A epoxy resins, bisphenol S epoxy resins, phenol novolak
epoxy resins, cresol novolak epoxy resins, glycidylamine epoxy resins,
glycidylester epoxy 10 resins, alkylphenol epoxy resins having biphenyl
skeleton, naphthalene skeleton or dicyclopentadiene skeleton, tri-
1 fynetionat epexy tesinseietio=fynetionakepoxyrasins ek theclike. degree of
Particularly, it includes preferably solid tri- functional epoxy resins and
£ 27686ThovBIak PpdR 1esing 15 76033] EBGMpIes ofthe Epdxy-esimwhith ©©
fis-imatquid-stade at room temperature include hisphenol A epoxy resins
or bisphenol F epoxy resins. A mixture of the foregoing compounds can
[&¥st7 be used. 20 [0034] Examples of the hardening agent include those

which gegreommonty used andhave-flux actty -phenols,amings, thiplscate
and the like. Among them, the hardening agent having flux activity is
2 préferibly THRESHEE t cARTARTIe (HE bxite- 25 187eroh e bzfencl 2

epRateriald2: JQ035} The hardening agent,having:filx activibERICHONSHO apoxy
reduce the oxide layer on the surface of the brazing material _2 (solder)
6 ARextePREROWhicH iR X deSRYEY cahtse- 36 ele€fizafty borktet & th&PoxY

r&legitode members2, and4s a sgmpeundhaving a funclional g »  cpoxy

capable of bonding with a resin. Therefore, the hardening agent havin
rHExBtvity 8l BRR BelsuRabR Seftfed dccbriing o theRyservt thekeleton,

» brazing 1 materiah 12 (solder) to-he yiseg. eapsidering the reavakef,the cri-
oxide layer on the surface o_ the brazing material 12

functional epoxy resins, tetra-functional epoxy resins and

the like. Particularly, it includes preferably solid tri-

functional epoxy resins and cresol novolak epoxy resins.
[0033]

Examples of the epoxy resin which is in a ligquid state
at room temperature include bisphenocl &4 epoxy resins or
bisphenocl F epoxy resins. ‘A mixture of the foregoing
compounds can also be used.

[0034]

Examples of the hardening agent include those which are
commonly used and have flux activity, phenols, amines, thiols
and the like. Among them, the hardening agent having flux
activity i1s preferably used since it can remove the oxide
layer on the brazing material 12.

[0035]

The hardening agent having flux activity functions to
reduce the oxide layer on the surface of the brazing material
12 (solder) to an extent, at which the oxide layer can be
electrically bonded to the electrode member 2, and i1s a
compound having a functicnal group capable of bonding with a

resin. Therefore, the hardening agent having flux activity
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upon adhesion to the brazing material 12. 5 [0036] Examples of the
hardening agent having flux activity include compounds containing at
least two carboxyl groups, compounds containing a carboxyl group and a
functional. group capable of curing with a resin for example, 10
(phenolic)hydroxyl group, amino group.and the like) and the like. The
compounds containing at least two carboxyl groups include carboxy!

< Acids, f%él%aaf_ge'e, alkylcarboxyl acids ;having at%tgaig%georof the brazing

ranched-chain, aromatic carboxyl acids and the like. 15 [0037]

néhamplés vethésalkylearboxyl dcidsiineldde conpolsidsnsepresenteddyal of
the following formula |. [0038] H - (CHZz).n- H.(E I in.. 5
tk\llvehic%xr% \%anli%\{eegrralon%rr?b%e% o?%gtg aZég [é%f39]g§j%ofgrrl %r%?#g‘o%\r%%é\r}lligl -
upreferally #itorl O be causé wf fluxcactizity, ouwtdgas Lpon adhesion and
[ @setilcity and glass transition temperature after curing of the adhesive. 25
y n of at least 4, it is possible to inhibit the increase of the elasticity after
curingifdhe adhesive hanvingfindactivity wisieh mayzbe sagusetiby thetivity
; 109 short distance hetween cross-linkages of the epoxy resinand o oo,
improve the a%?,-..- ion'to ﬁ1e electtode member 2. AIso,be n o%{\tip toglé), e
c30dbisrpossibie ta inhibit the decrease bf tecelasticity whithuwiayderl group

cau ticéi3 by theftoo lon cliistancewbiett\f\]:/leen Cross- Iinkagvsse?]f(:ﬁoe epoxy,

C n . are example,
“f&Sinand to |Omprove ¢ connection 14 re‘ﬁabll"ﬁy be erbraszf P

(matedalil? apdthecelectrodepmember?. group and the like) and the
like. The compounds containing at least two carboxyl groups
include carboxyl acids, for example, alkylcarboxyl acids
having a straight- or branched-chain, aromatic carboxyl acids
and the like.

[0037]

Examples of the alkylcarboxyl acids include compounds
represented by the following formula I.

[0038]

HOOC- (CH,) n-COOH (Formula I)

in which n 1s an integral number of 0 to 20.
[0039]

Also, n in the formula I i1s preferably 4 to 10 because
of flux activity, outgas upon adhesion and elasticity and
glass transition temperature after curing of the adhesive.
By n of at least 4, it is poésible to inhibit the increase of
the elasticity after curing of the adhesive having flux
activity which may be caused by the too short distance
between cross-linkages of the epoxy resin and to improve the
adhesion to the electrode member 2. Also, by n of up to 10,
it is possible to inhibit the decrease of the elasticity
which may be caused by the too long distance between cross-

linkages of the epoxy resin and to improve the connection
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[00401 Examples of the compound represented by the formula | 5 include
adipic acid of HOOC-(CH,),-COON (n=4), sebacic acid of
HOOC-(CH2)a-COON (n=8) and HOOC-(CHZ2)i,-COON (n=10). [0041]
The aromatic carboxyl acid preferably includes those further containing
carboxyl group and phenolic hydroxyl group. 10 Specifically, a compound
containing at least two phenolic hydroxyl groups in a molecule and at least

rONE carboxyl group. directly. bonded to.the aromatic ring in.a meleculeLan, e

be preferably used. Examples of such compounds include benzoic acid
megep/Aatives such as salicylic acid, sh.ikimic acid, 15 vanillinic acid,
[o%‘% a-chrome AL, 1,2-dicarboxy-cis-4,5- dihydroxycyclohexa-2,6-diene,
2,3-dihydroxy dihydroxybenzoic acid, 2,4-di__ydroxybenzoic acid,
gentisksaeith 1,2 5- dihydroxybenzeieacidy R BdiydrekybenZdie adigrmula 1

1 x4 dibydrexyhenzoic aeid,allicacid (34, 5-trygroxybenzoic 20 acid). .ciq
and the like; naphthoic acid derivatives such as 1,4-

o flimaPExy-PHnaphtheic acide3,5adily diOR-2-idphthofesdid, (n=10) .

[6307-91'hydroxy-2-naphthoic acid and the like; phenolphthalein; and
d éhenolic acid. 10042] 25 For example, when the resin comprises an
epoxyTésin athenhardeningrageit havirg: fluxcattidty dohtains a fudetonahose

£ QIR AP 'x?aolff[?ﬁ ting with.a carboxyl group and,ameROXY. GoUR. 1 vy

xamples of the functional group capable of reacting with the epoxy
Sygeoul inciudes, casboxyhround 30-kyeresyrgraup 2amihe gpcuptar thgeenolic

olEre SR, BRI ST AP g
d phenolphthateidesebacic deid antbyeritisic acidg in a molecule can be
preferably used. Examples of such compounds include benzoic
acid derivatives such as salicylic acid, sghikimic acid,
vanillinic acid, Senda-chrome AL, 1,2~-dicarboxy-cig-4,5-
dihydroxycyclohexa-2,6~diene, 2,3-dihydroxy dihydroxybenzoic
acid, 2,4-dihydroxybenzoic acid, gentisicacid(2,5-
dihydroxybenzoic acid), 2, 6-dihydroxybenzoic acid, 3,4-
dihydroxybenzoic acid, gallic acid (3,4,5-trihydroxybenzoic
acid) and the like; naphthoic acid derivatives such as 1,4-
dihydroxy-2-naphthoic acid, 3,5-dihydroxy-2-naphthoic acid,
3,7-dihydroxy-2-naphthoic acid and the like; phenolphthalein;
and diphencolic acid.
[0042]

For example, when the resin comprises an epoxy resin,
the Thardening agent having £flux activity contains a
functional group capable of reacting with a carboxyl group
and an epoxy group. Examples of the functional group capable
of reacting with the epoxy group includes carboxyl group,
hydroxy group, amino group and the like. More particularly,
when the resin comprises an epoxy resgin, the hardening agent

having flux activity 1is preferably at least one of
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[0043'. Also, the hardening agent having flux activity can be used along
with an additional hardening agent (including a 5 resin acting as a
hardening agent) . When the resin is an epoxy resin, phenols can be
suitably used, considering activity and properties after curing. [0044] The
phenol, although not particularly limitggl, is 10 preferably di-functional,
considering properties after curing of the adhesive having flux activity and

oi{DgABs ol example. bisphencl f; tetramsthvibisnRendl A
lallylbisphenol A, biphenol, bisphenol F, diallylbisphenol F, trisphenol,
[ aetrakisphenol, phenol novolaks, cresolnovolaks 15 and the like.

Considering melting, viscasity, eactivity with, the epoxy.resiBand ¢y can be

properties after curing, phenolnovolaks and cresol novolaks can be
ustitabljarsed wAlso, the hadderiingzyéntis fteferally aggad inl@pcdeding a
- SO0 O Dy 03 by weight hased gn.the resipisolid contedbsin is an

particularly preferably 3 to 251 by weight based on the resin solid content.
etthe hardening agéstis eeldeddn alamaoimitiess thanthedowet fiffit 68T 109

o étéei Iforg oi%giragn %)etpgi%gd% layer o&@gn%u.rface Qf the electrode
member 2 25 cannot be reduced and thereby, the joint strength between
[ thoat djrazing material 12 and the electrode member 2 is not sufficient. If

the haslennga0ent 1> 24deinn Aot EAISIREING UPRSIIILOT .
the foregoing range, for exampll] , used as a film type adhesive, handling
pmaenetle 30 gboddn temas of filne pedomhanc@ {0045 The redtcingcuring

of9ent.can b, added to improve the flux 18.39AY, FoLg¥aMRle WHER @ £ox
common har ening agent such as

example, bisphenol A, tetramethylbisphenol A,

diallylbisphenol A, biphenol, bisphenol F, diallylbisphenol F,
trisphenol, tetrakisphenol, phenol novolaks, cresolnovolaks

and the like. Considering melting viscosity, reactivity with

the epoxy resin and properties after curing, phenol novolaks

and cresol novolaks can be suitably used.

Also, the hardening agent is preferably added in an
amount of 0.1 to 30% by weight based on the resin solid
content, particularly preferably 1 to 25% by weight based on
the resin solid content. If the hardening agent is added in
an amount less than the lower limit of the foregoing range,
the oxide layer on the surface of the electrode member 2
cannot be reduced and thereby, the joint strength between the
brazing material 12 and the electrode member 2 1s not
sufficient. If the hardening agent is added in an amount
greater than the upper limit of the foregoing range, for
example, used as a film type adhesive, handling may not be
good in terms of film performance.

[0045]

The reducing agent can be added to improve the flux
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a phenol is used as the hardening agent, the addition of the reducing
agent allows the expression of the flux activity. Also, when the hardening
agent having flux activity is used, 5 the reducing agent acts as a fluxing
agent to further improve the flux_ activity. Therefore, when the hardening
agent having flux activity is used, the,peducing agent may be omitted.
[00461 11) Examples of such reducing agent include compounds having

ac?tg%'rp ‘9 Xyl g{:'OL%) ié‘lxtgt%prﬂgl,ec;%{?eiu@ %%rfr%gﬂc ﬁg@deqﬁ.%lg aa%%nt such as
proplonYc acuf utyric acid, capryiic acid, laulic acid, myrisfic acid,
a pelmitinlacid, stearc aeid; recrylicrdeid ara thedike, andieompduhdsn of the

having a phenolic 15 hydroxyl,groun.in.the malgcule sugfaspligncle ;s cy .
o-cresoﬁ Z?Gq- xylenol, n-cresol, m-cresol, o-ethylphenol, 2,4-xylenol, 2,5-
axylenokimrethylphencki2;Bixgenge miesitel; 3,5 xflenol, petivity is used,

tertiarybutylphenol and the like, [004 ]125[2 amples of the-film-farming
tl?éasihelﬁ: ﬁ)({ig?aﬁl?gﬁlgth rascetn%t %art?cu%arﬁlx wﬁ%eé?‘% %hermo&astic resin, aprove
t Herniasettingcresini oy a mixtiresf aothermoplastic resin and-dening  agent

thermosetting resin.. Among them, in terms of the film formulation and th
. . U ; b
h?nvejlﬁﬁg \%gélcgsnyag tﬁ(fe;rgrlte}éln,laS mixture 25 ogg thlé?mggfé%%c r%%?nnand a§ ©
othiermasetting resin is suitably used. More particularly, the resin may

[C%T@rise an epoxy resin and acryl rubber. [00481 Examples of the
fher oplastic resin include, although 30 is not particularly limited, for

exampie;zaphenoxy fesin,a polyesteriesin, agelhyurethantedesingompounds
nBOYimide resin, & siloxane-modified pol.yimide ipsin, 8 polvoutading 17, .4,
acetic acid, propionic acid, butyric acid, caprylic acid,
laulic acid, myristic acid, palmitin acid, stearic acid,
acrylic acid and the like, and compounds having a phenolic
hydroxyl group in the molecule such as phenol, o-cresol, 2,6-
xylenol, p-cresol, m-cresol, o-ethylphenol, 2,4-xylenocl, 2,5-
xylenol, m-ethylphenol, 2,3-xylenol, mesitol, 3,5-xylenol, p-
tertiarybutylphenol and the like. '
[0047]

Examples of the film-forming resin include, although 1is
not particularly limited, a thermoplastic resin, a
thermosetting resin, or a mixture of a thermoplastic resin
and thermosetting resin. 2Among them, in terms of the film
formulation and the melting viscosity of the resin, a mixture
of a thermoplastic resin and a thermosetting resin 1is
suitably used. More particularly, the resin may comprise an
epoxy resin and acryl rubber.
[0048]

Examples of the thermoplastic resin include, although
ig not particularly limited, for example, a phenoxy resin, a
polyester resin, a polyurethane resin, polyimide resin, a

giloxane-modified polyimide resin, a polybutadine,
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polypropylene, a styrene-butadiene-styrene copolymer, a
styrene-ethylene-butylene- stylene copolymer, a polyacetal resin, a
pol,vvinylbutyral resin, a polyvinylacetal resin,-a - butyl rubber, a
ch'_oroprene rubber, a polyamide resin, 5 acrylonitrilebutadiene
copolymer, acry'loni.tri.lebutadiene- acrylic acid copolymer,
acrylonitrilbutad.iene-styrene copolymer, oolyvinyla.cetate, nylon, acryl
pdubberanddhe like. ;Thedoregoingwesing candesused alone @b ibaymer,  a
mixture of two or more thereof. 10 [0049] Also, the thermoplastic resin
S triiag B4 FéSin Pavirga YHitie oioli; it epByRGtoupS a hydfoxy grous e tat
rand,a carbgxyl group to,improve adhesion ang sompatipility te etheresin, a
resins. Its example includes, for example, acryl rubber. 15i0050] Here,
byihen alpHerky redin iSkseEORE fHeSilmorRfiy redin, iGs preferied that 1™
adhe 1esinhasiapumber average gpglesylar weightof 5000 10-15000it 234 ene-

Therefore, the fluidity of the phenoxy resin is inhibited to make the layer
aqhickAEss 2086iform. ThESkaRdne maymclide bispheRblFA fysare ~styrene
~bisphenol F type, biphenyLtype.and thelike, byt.not be.limited theretthe 1ike.

and has a saturated water absorptivity of to_or less. Thereby, at a high
Themperaars-fike GPBATEINTTY difl $61@ering BiebRZInG nfatBAa L sn@t two
oihe electrode 25 member 2, it is possible co improve the inhibiting effect

on foaming and delamination. [0051] Also, an acryl rubber can be used
[@84Pfilm-forming resin to improve film formation stability in the production

30 of g film type,adhesive sheet  As the glasficity. of the adhesive sheetjsng

decreased, residual stress between the electrode member 2 (to be
nagheled)amithe adhesipEhavifgie . 2 hydroxy group and a carboxyl

group to improve adhesion and compatibility to other resins.

Its example includes, for example, acryl rubber.
[0050]

Here, when a phenoxy resin is used as the film-forming
resin, it is preferred that the resin has a number average
molecular weight of 5000 to 15000. Therefore, the fluidity
of the phenoxy resin is inhibited to make the layer thickness
uniform. The skeletone may include bisphenol A type,
bisphenocl F type, biphenyl type and the like, Dbut not be
limited thereto, and has a saturated water absorptivity of 1%
or less. Thereby, at a high temperature like upon joining
and soldering the brazing material 12 and the electrode
member 2, it is possible to improve the inhibiting effect on
foaming and delamination.

[0051]

Also, an acryl rubber can be used as a film-forming
resin to improve film formation stability in the production
of a film type adhesive sheet. Ag the elasticity of the
adhesive sheet 1is decreased, recidual stress between the

electrode member 2 (to be adhered) and the adhesive having
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18 flux activity can he decreased to improve adherence to the electrode

member 2. [0052] Examples of the thermosetting resin include, but is not

5 particularly limited to, an epoxy resin, an oxetane resin, a phenol resin,

a (meth)acrylate resin, a unsaturated-polyester resin, a

diallylphthalateresin, a maleimide resin.and the like. Among them, an

epoxy resin having superior curability, storage property, thermal

esistance cured prod 0.mgisture resj an ical
e B S0ably usva [OORTAISE, the achbene hadns Nt iy 7
e heayt furthermeormprise€ a curing catalyst. By including the curing catalyst,
[%Qﬁgﬁsin can he further securely cured in the production of 15 the

adhesive. [0054] The curing catalyst can be properly selected according

to the Eesimpyipsstotie usedtRerexample] tiee tadng catalstimaythe ans not

imidazole.campound hayinga melting point 20 of gt legst 1506, When fhe,
Pimidazole cor}ﬁpoun(ﬂﬁas a too low ﬁlr?é point, the a]ahesweahaving ux '
phetivily isscured before tiie soldet #tthetdsrazing matersadl th2rmoves tothester

surface of the.electrode member 2, whereby the connection between th
Bratiig Rt dl 17 An The Shciie Bochee

a

e eectrod%l%ém er’D %nmaly ecome unsta %e the
1 0kthe storagg property arayepe:deteroratedhafhierefareptheiimidazolebility,
compound oreferahly has a. melting point of at least 150 C. Examples of
Sl e s
m2iphanythyckexydmidaz ok, 2-phenyil 30 neethyhydrexyimidazotebing used.

(tohoeglg e. Meanwhile, the upper limit of the melting point of the imidazole

compound is not

Also, the adhesive having flux activity may further
comprise a curing catalyst. By including the curing catalyst,
the resin can be further securely cured in the production of
the adhesive.

[0054]

The curing catalyst can be properly selected according
to the resin type to be used. For example, the curing
catalyst may be an imidazole compound having a melting point
of at least 150C. When the imidazole compound has a too low
melting point, the adhesive having flux activity 1g cured
before the solder in the brazing material 12 moves to the
surface of the electrode member 2, whereby the connection
between the brazing material 12 and the electrode member 2
may become unstable or the storage property may be
deteriorated. Therefore, the imidazole compound preferably
has a melting point of at least 150TC. Examples of the
imidazole compound having a melting point of at least 150T
include 2-phenylhydroxyimidazole, 2-phenyl-4-
methylhydroxyimidazole and the like. Meanwhile, the upper
limit of the melting point of the imidazole compound is not

particularly limited and can be properly set, for example,
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particularly limited and can be properly set, for example, 19 according to
the adhesion temperature of the adhesive. [0055] Also, the adhesive
having flux activity may further comprise a silane coupling agent. By the
silane coupling 5 agent, it is possible to increase the adhesion of the
adhesive having flux activity to the elggtrode member 2. Examples of the
silane coupling agent include an epoxysilane coupling agent, an aromatic

aming silane cquplin ent and_the like. At least ft ing or
“Both of the tfo%g%ggicr%ecsalno etues% C ﬁ)%%% Ie:urotfé)errg,ert%e %%ﬁge%eﬁ/ggéhaving

[ dluxsdctivity may further comprise other components in addition to the
above-described components. For_example,-various additives can be .
proper%i%’ad%e& toaiﬁ%bperg\}éf %arl?b%\glpﬁgpe%r’t%élsf{ of ?ﬁg rléfs%%ugﬁa S Furcher

ccampatibility, stabiity; workalilitycand dleetike. [B57]t3e fas,itheradhesivel ing
having flux activity is descriped. Examples of the adhesive having flux

a%%ﬁ\?ity which an k%o%l%ﬁ%b&%sea% the Ssesscnq%?nvean(%%%siﬁcfﬂdeog £he

a&hayositionof {bpa Hsphenek Wi typeepoxy résin asanepoxygesignber 2.

sPhenoLRovolak as afiardening agent, a phenoxy iesinasa lmfoming, ; ...
S8R =74 phenol phihaléing as A feducing agent, a composition of (2) a

cbigphengl Adype epexy restmas an 2oepoxysedianphenolmbvoakeasat and
hardening agent, a silicone- modified polyimide resin .as a film-forming

tRésintand gentisic adidas aqnnaerdeor%(:lgta%eentg(ﬁ]é?gé)nﬁﬁa agent %gr?/}ﬁg fx e

£ agthyty) nand arcarapasitian of (3) a tri-functional epoxy resin as an epoxy
resin, phenol novolak as a hardening agent 30 and sebacic acid as a

ning agent having flux activity
Further, the adhesive having flux activity may further

comprise other components in addition to the above-described
components. For example, various additives can be properly
added to improve various properties of the resin such as
compatibility, stability, workability and the like.

[0057]

So far, the adhesive having flux activity is described.
Examples of the adhesive having flux activity which can be
suitably used in the present invention include a composition
of (1) a bisphenol A type epoxy resin as an epoxy resin,
phenol novolak as a hardening agent, a phenoxy resin as a
film-forming resin and phenol phthaleine as a reducing agent,
a éompositi@n of (2) a bisphenol A type epoxy resin as an
epoxy resin, phenol novolak as a hardening agent, a silicone-
modified polyimide resin as a film-forming resin and gentisic
acid as a hardening agent (hardening agent having flux
activity), and a composition of (3) a tri-functional epoxy
regin as an epoxy resin, phenol novolak as a hardening agent
and sebacic acid as a hardening agent having flux activity
and acryl rubber as a film-forming resin.

[0058]
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and acryl rubber as a film-forming resin. [0058] 20 Refer--no to FIG. 2, a
conductive member | containing copper as a major component thereof

and an electrode member 2 containing copper as a major component

thereof are fusion welded with a brazing material 12 containing tin as a

major 5 component thereof and contaifiing substantially no copper to form

a fillet 3' (a part to be a joint portion 3 finally) As a result, the conductive
membeet andithe etectrdde member 2ardletectricallpevhnected. 0059 ning

10 By heating the. joint structure 10, copper is diffused from the surface of ...
“ %:ndausctia\?emrﬁé%beﬁ%%%nfﬁrel su?%céeg th%ne%iegt?ofe member 2to
ctormeam atlgy withtiny(copper timafloy) contaimetkimthe fikets3! fin sutichfusion

t ount of copper contained in the-fill E(interctonnection) 3'is not 15 :

. 1

i e?:egnt%jé \?\l/eean %ﬁ%aczérﬁ?al %%%[efll and the cuter circum erteﬁrée %art 32r.naj °F

cl0e66hEhe fusiemavelding demperatureis mobpéuticalarlyaimitedicasdopger to
as the br zlﬁgerpat rial <12 canr@egt. For_ 20 exanﬂg}:e, it |§:Qgefer ly.25

3 C1y).
“higherthan the melting Poift of the Brazing material 12, particularly 30 to Y)

250 EC highert tharhthecmettingtpoiat okthiedbrazingrmiaterial 42¢Byithde member
temperature within the fore oingtragge, the diffusion of the copper atoms

“cdtt e promoted: Fooﬁ%%%ecﬁlcally, for example, when the brazing
material 12 is comprised of a blend of 95 to 99.5% by weight of tin and

0.5to 5% b% weight of silver, the fusion. vvcelding t%%wperatureeLs is diffused
preferably iRTRE TARge 0F 22070 270°C; Afid iore * 1 ©OPPe* *

from the surface of the conductive member 1 and the surface
of the electrode member 2 to form an alloy with tin (copper-
tin alloy) contained in the f£illet 3’, in which the amount of
copper contained in the fillet (interconnection) 3’ 1s not
different between the central part 31 and the outer
circumference part 32.
(00601

The fusion welding temperature is not particularly
limited, as long as the brazing material 12 can melt. For

example, it is preferably 25T higher than the melting point

of the brazing material 12, particularly 30 to 50T higher
than the melting point of the brazing material 12. By the
temperature within the foregoing range, the diffusion of the
copper atoms can be promoted.

[0061]

Specifically, for example, when the brazing material 12
is comprised of a blend of 95 to 99.5% by weight of tin and
0.5 to 5% by weight of silver, the fusion welding temperature
is preferably in the range of 220 to 270C, and more
preferably in the range of 230 to 265T.

[0062] ‘

The fusion welding is performed by, for example, the
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w preferably in the range of 230 to 265C. [005°2; The fusion welding is
performed by, for example, the 21 pressing process, the soldering reflow
process and the like. Among them, the pressing process is preferable,
since it undergoes the steps described below. When the joint portion 3 is
formed by pressing, it is preferable to perform the 5 pressing under a
pressureless or low-pressure condition. Therefore, it is possible to

Prevent feform %’%“, of the igint qrtian 3.and thereby, seduce distartian of , .
P tﬁgs\}vllﬁr%}g éoar(%. 0063] Then, the joint portion 3 Wil)th tﬁe fillet 3' formed is ©
Arfdrsubjected to the privnansheatingAs showriin FiGe3esinbd ehe since it
diffusion oftC e copper atoms inside the fillet 3" is pot sufficient, a layer 33, .
u?g%iﬁ%%%%pe ealloyeg%rt)%vﬁlg a contéentoof copper atoms o f5 ator%% wen
3 isfermisar(fiest step) pFwsamounticf coppepatdms gontained irpetheprm the
arts of the 15 fillet 3 is higher than 15 atoms. 0064] The, primary heating.

P gn%%érrlézturél ?sgr%t pgrtiC%Tarf’yglhfnelte%?’,sbutoig pre?evfa K/eés teunﬁSeratSFe, at o
Thielf theefillett 3iis melted that isp agerperatude higher ttham the meiing oint
20 point of the fillet 3'. For example, it is, preferably at least 25 C higher, .
P S actTarly 3040 S5 CiGnar M the: Palliag Boretof the biadmg Poaxd:

[ oetefial 12 forming the fillet 3'(joint portion 3;. By setting the primary

reaing, bR tlin s lysgona g s dovigar e S .
sRatticilady, tfor example;j when thedirazing materighd2n in FIG. 3, since
the diffusion of the copper atoms ingide the fillet 3’ is not
sufficient, a layer 33 (a film shaped alloy part) having a
content of copper atoms of 15 atom% is formed (first step).
The amount of copper atoms contained in other parts of the
fillet 3’ ig higher than 15 atom%.

[0064] ‘

The primary heating temperature is not particularly
limited, but is preferably a temperature, at which the fillet
3’ is melted, that is, a temperature higher than the melting
point of the fillet 3'. For example, 1t is preferably at
least 25T higher, particularly 30 to 50C higher, than the
melting point of the brazing material 12 forming the fillet
3’ (joint portion 3). By setting the primary heating
temperature within the foregoing range, the alloying of the
tin atomgs and the copper atoms (copper-tin alloy) can be
promoted.

[0065]

Particularly, for example, when the brazing material 12
is comprised of a blend of 95 to 99.5% by weight of tin and
0.5 to 5% by weight of silver, the fusion welding temperature

is preferably in the range of 220 to 270C, and more

preferably in the range of 230 to 265C.
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is comprised of a blend of 95 to 99.5& by weight of tin and 30 0.5 to 5&
by weight of silver, the fusion welding temperature is preferably in the
range of 220 to 270°C, and more preferably in the range of 230 to 265'C.
22 0066] The primary heating time may vary with relation to the heating
‘temperature, but it preferably in the range of 10 to 40 seconds, and more
preferably in the range of 15 to 30 5 seconds. By setting the time within
the faregoing range, the copper atoms of the conductive member | or the
[%Pe%f de member 2 can diffuse inside the fillet 3'. [00671 Further, the

secondary heating:s pesformed in the: Mkstatesthat the-fillet 31 iscfosmedo the
Therefore, the cogger atoms from the conductive member 1 and the

heRctrode ehibet 2 Are fiter difftdetints e layBr (fiim shiiéa afioy *© =°

4parhe 33r50:thatthe captiruopsdayer=33 is biekenHe be anjsland shape-o 20
(island shaped alloy parts) from the film shape. 15 Caonsequently, as

SEREGWHTN FIE, 45Tt 1brme arSlantiShaped affoy Parts et having g7+ the

cepntent ofcapperatomsof upieilbraton'sisacend step)[0068] Theectrode
secondary heating temperature is not particularly 20 limited but is

nePBRTably A températife, Bt WHich H%féefnfe%lé"%g melted, that a

temaperature higher than the melting point of the fillet 3' (joint portion 3)

For example, it is preferably at least 25C. higher, particularly 30 to 50"C
higher thahtRE meltitfy poirit OF 176 Brazifig matdriat 12 25 formiikGthet™ the
hillat 3" foint pertion 3) Bythe secandans heating tempetature-within the-cpper

foregoing range, the diffusion of copper atoms is further p=romoted and
aﬁ@ﬂﬁkﬁﬁﬂfc?ﬁﬁgConduCtlve member 1 and the electrode member 2

are further diffused into the layer (film shaped alloy part)
33 go that the continuous layer 33 is broken to be an island
ghape (igland chaped alloy parts) from the film shape.
Congequently, as shown in FIG. 4, it forms an island shaped
alloy parts each having a content of copper atomg of up to 15
atom% (second step).

[0068]

The secondary heating temperature is not particularly
limited but ig preferably a temperature, at which the fillet
37 iz melted, that is a temperature higher than the melting
point of the f£illet 3’ (joint portion 3). For example, it is
preferably at least 25C higher, particularly 30 to 50T
higher, than the melting point of the brazing material 12
forming the fillet 3’ (joint portion 3). By the secondary
heating tempefature within the foregoing range, the diffusion
of copper atoms 1s further promoted and the alloying of the
tin atoms and the copper atoms (copper-tin alloy) can be
progressed to the central part of the joint portion 3.

[0069]

Particularly, for example, when the brazing matsrial 12

M

ig comprigsed of a blend of 95 to 99.5% by weight of tin and
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tin atoms and the copper atoms (copper-tin alloy) can be progressed to

the central part of the joint portion 3. 30 [0069] Particularly, for example,

when the brazing material 12 is comprised of a blend of 95 to 99.5 by

weight of tin and 2?. 0.5 to 5% by weight of silver, the fusion welding

temperature is preferably in the range’éf 220 to 270C, and more

preferably in the range of 230 to 265 C. [0070] 5 The secondary heating
Otinecmay vary withirgldtiontos tHe Reating enpetatite VRutit igpfefeibhp ture
.in the rapge of. 5 to 125 seconds, and mare preferably in the range of 20
*to eéglegcji)ef?D s Bylsnettiﬁglétahe %i?nnegv?/ithi?}%he cg)er\de’go!%r/?g. rgzag,n ’theand mere

peepper-atoms; of the.condustive member-Lorthe electrode 10 member 2
can diffuse sufficiently deep inside the ffillet 3' [0071] In addition, the

[f4tiary heating is performed in the state that the 111et 3'is formed. As

the copper atams gee further diffused, the -island shaped alloy pads 34; o o

disappear 15 and ultimately, as shown in FIG. 6, the amount of copper
thtonis edntaihddeinttheadiloyan the eentraliFarP 3¢ bF Hee Hillet 3' (j6imt range of

sPQrtion 33 is-higherthan that inthe ayier-clrcymierence part §§r§%rdof 20 to

step). [0072] 20 The tertiary heating temperaturé is not particula
Lirhitee o eprefBrabiy AttéMperattire; arsvhicly tHenfilldtds Aveleh Fop - range,

<pranele, e prefganlyat kast.2adl, Haber, particulary 361080 Gt eccrode
igher, tﬁan the melting point of the brazing material 12 forming the fillet
n@nfjoint 25 pertiohi3) BytheubRiary+walitlg femnperataredwithizethgillet 3/ .
{f%e;qqing range, the alloying is further diffused into the

In addition, the tertiary heating i1s performed in the
state that the fillet 3’ is formed. As the copper atoms are
further diffused, the island shaped alloy parts 34 disappear
and ultimately, as chown in FIG. é, the amount of copper
atoms contained in the alloy in the central part 31 of the
fillet 3’ (joint portion 3) i1s higher than that in the outer
circumference part 32 (third step).
[0072]

The tertiary heating temperature 1is not particularly

limited but is preferably a temperature, at which the fillet

3/ is melted. For example, it is preferably at least 25C

higher, particularly 30 to 50C higher, than the melting
point of the brazing material 12 forming the fillet 3’ (joint
portion 3). By the tertiary heating temperature within the
foregocing range, the alloying is further diffused into the
whole of the central part of the joint portion 3 and the
formation of the intermediate CusSns of the alloy (CusSn)
(copper-tin alloy) to be ultimately produced is promoted.
[0073]

Particularly, for example, when the brazing material 12

is comprised of a blend of 95 to 99.5% by weight of tin and
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whole the central part of the joint portion . and the formation of the
intermediate CuSn of the alloy (Cu3Sn_) ((copper-tin alloy) to be
ultimately produced is promoted. 30 [0073; Particularly, for example, when
the brazing material 12 is comprised of a blend of 95 to 99.5% by weight
of tin and 24 0.5 to 5% by weight of silyer, the fusion welding temperature
preferably in the range of 220 to 2700, and more preferably in the range

0 Og 2§9 tgg@?ﬁw&%ﬂ %Eh&t?@@ﬂ h@ﬁ‘g”%@leoﬁ‘%’e‘iaﬂ}{ﬂthc@ﬁ erature

relation to the heating temperature, but it is preferably in the range of 5to
1 435secondshand more preferatdydretheaingeaaf 55:to  2350s€condsiBy more
setting the time within the foregoing range, the copper atoms of the
PEBREUERAE MEMBEEL BRI eftetroti® 10 méRber 2 can diffuse deep
[m}sj,qq the fillet 3. [0075] Then, the fillet 3' is cooled and solidified to form
_he joint portion 3. [0076] 15 It is believed that the reason why the
amouriiof coppet aatoniseedntaihediimehaalioy fcoppetritin alloy) el ion to

¢ fentalnart 31.ofthe Jaint portian 4 tq be finally produced, is pighgr than, ... ¢
that in the outer circumference part by controlling the molten state of the
5 btazirg materialiXis asn@0reliows J6IERAs.shown hEIG: 21eeFIGE 455 to

fillet 3' formed_ by i ri I7V; rises t el vange
2%%3%% é?ﬁfquéged fg(%?n St%%ecc?)% u%%\;me?n%#r%berglggr%ﬂréqgle%%rggggme%ber se
t 26 theraby forrnimgsa edppéretirratioyy Thiatés, teelbrazifg or the electrode

member 2 can diffuse deep inside the fillet 3'.
[0075]

Then, the fillet 3’ 1s cooled and solidified to form
the joint portion 3.

[0076]

It is believed that the reason why the amount of copper
atomg contained in the alloy (copper-tin alloy) in the
central part 31 of the joint portion 3 to be finally produced
ig higher than that in the outer circumference part by
controlling the molten state of the brazing material 12 is as
follows.

[0077]

As shown in FIG. 2 to FIG. 4, the fillet 3’ formed by
the brazing material 12 comprises the copper atomgs diffused
from the conductive member 1 and the electrode member 2,
thereby forming a copper-tin alloy. That i1g, the brazing
material 1s transformed into a copper-tin alloy. If the
molten state of the brazing material 12 is maintained for a
short period of time, the copper atoms cannot sufficiently
diffuse, whereby there is no great difference between the
central part 31 and the outer circumference part 32 of the
fillet 3'. However, 1f the molten state of the brazing

material 12 is maintained for a relatively long period of
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material is transformed into a copper-t-n alloy. If the molten state of the
brazing material 12 is maintained for a short period of time, the copper
atoms cannot sufficiently diffuse, whereby there is no great difference
between the 30 central part 31 and the outer circumference part 32 of the
fillet 3'. However, f the molten state of the brazing material 12 is
maintained for a relatively long period of 25 time so that the copper atoms

can diffuse sufficiently in the central part 31 of the fillet 3’.,.the.co .
a8 Sumeenty BIfEE FomeBoiing SonuCtus e e L e e 1o the

celectrotle member 210ndhe otfier ‘and] 13 ¢he outer 5 cirbemferenpe partatoms

sezprine el 3 ihe copperatoms can, difyse only fom g eleclipde  ana
emberZ siifce A& outer circurmference cart 35 IS not Eilrect contact wit
cthe eanductiveemembert. [Q078] &b Theseforehas shewn in ElG. Shtheouter

amount of copper atom zcog@ir%%dainggtf aellgyi'r) thetgentral art 31 of the

ot BUrisR % o BE-fifialk protuced is Righer than'that in therbuter > <27

deircumterence,part3z [0079] &5dduspthe higimamount of copper atemuter

contained in the alloy in the central part 31 of the joint portion 3 can_ .
Cﬁ'rﬁfr%%?ﬁgrtlﬁgrm%#etsisgagncelgf tﬁl(ie%)j‘%)inf-L Bort%n%. hafcfél,g\ﬁgg with the

cprametionsef thenallaying of the tin atoms and the copper atoms, the
melting point of the alloy can be raised. 20 Also, since the thermal

[RSistance of the central part 31 of the joint portion 3 is improved, the
connectigarefiability betwern#he eendactive memberl andthe:electrodepper
member 2 can be_improved. Thgrs) is because when the thermal resi_gs{ané:g fhe

a5tthe cERMaRpARS1 St the foirt porfion 3 intefposed ==+ Part

joint portion 3 to be finally produced is higher than that in
the outer circumference part 32.
[c079]

Thus, the high amount of copper atoms contained in the
alloy in the central part 31 of the joint portion 3 can
improve the thermal resistance of the joint portion 3. That
ig, via promotion of the alloying of the tin atoms and the
copper atoms, the melting point of the alloy can be raised.
Also, since the thermal resistance of the central part 31 of
the joint portion 3 is improved, the connection reliability
between the conductive member 1 and the electrode member 2
can be improved. This is because when the thermal resistance
of the central part 31 of the joint portion 3 interposed
between the conductive member 1 and the electrode member 2
for connection is high, the low thermal resistance of the
outer circumference part 32 exerts only a little influence on
the connection reliability.

[0080]

Also, since the brazing material 12 is controlled in

the molten state, 1t is possible to inhibit formation of

bubbles, even when the copper atoms diffuse. As compared to



25 between the conductive member = and the electrode member 2 for
connection is high, the low thermal resistance of the outer circumference
part 32 exerts only a little influence on the connection reliability. [0080;
30 Also, since the brazing material 12 is controlled in the molten state, it
is possible to inhibit formation of bubg es, even when the copper atoms
d=iffuse. As compared to 26 the diffusion of the copper atoms when the
brazing material 12 is solidified, the diffusion of the copper atoms in th .
tkberaﬁjiﬁg Sterial 12 inthe moten éta?e!:gg@org?ﬁ%rio %fgeg p%ggézﬁtnlﬁvglnat?o%mal
1 £angapidlyiproceed to piomate thealloying5 Aaa resylt;dhe amount ofr the
the copper atoms iffusizng aftert solidification canthg decreased and thteO the
P B foRRation #an be inhibitsd=[0081] The controT of e Molterrstate
p©f the brazing materiak 40 12 had beeprdessesibedbyrthedfissetocthirdal loying .
steps. However, the method for forming the joint structure 5 t limited ft
A¥hérels” D082 Forexatpia the first step “thersetcond Shép aﬁg Ky oSt
sdhirdi step-gan be pesformed contiateusly atoneeor pach stepf ¢ansdeion can
performed independently. Preferably, the steps are performed
b ontiudddi§ At once. Thus, the joint portion 3 can be efficiently formed.
1f@3331 20 Also, the heating temperature in each of the first step, the
second step and the third step can be the same or_ different, with the

preferéfice beigthe samé “Fhis it pSsSibfe 8 continuBads contrst e 2+

1olten states described by the first to third steps. However,
the method for forming the Jjoint structure is not limited
thereto.

[o082]

For example, the first'step, the second step and the
third step can be performed continuously at once or each step
can be performed independently. Preferably, the steps are
performed continuously at once. Thusg, the joint portion 3
can be efficiently formed.

[0083]

Also, the heating temperature in each of the first step,
the second step and the third step can be the same or
different, with the preference being the same. Thus, 1t is
possible to continuously control the molten state.

[0084]

The method for controlling the fillet 3’ (joint portion
3) in the molten state includes the heat treatment by solder
reflow after the formation of the fillet 3', the formation of
the fillet 3’ by pressing, continuous heat treatment after
the formation of the fillet 3’ Dby pressing and the like.
Among these treatments, the continuous heat treatment 1is
preferred because the diffusion of copper atoms can be

accomplished efficiently.
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[0084] 25 The method for controlling the fillet 3' (joint portion 3j in the
molten state includes the heat treatment by solder reflow after the
“formation of the fillet 3", the formation of the fillet 3' by pressing,
continuous heat treatment after the formation of the fillet 3' by pressing
and the like. 30 Among these treatments, the continuous heat treatment is
preferred because the diffusion of copper _toms can he accomplished
{%fgi% ntly. [0085] Next, the joint structure will be described. 10086] By the
above-described joining method, the joint. 5 structure as shown in FIG. 5
can benebtainedh {008¥]:n the joint structute 10 laccaeding to &g present

[i(%/gg ion, the amount. of copper atoms contained in the alloy in the

central part 31 of the joint portion 3 is higher than 10 that in the outer
circumfsrenegpart 32owhefethe-denrductive imember deantbthe electeode;cint
member 2 are joined together by the joint portion 3. That is, the alloying

SSEHT 2hd Topper 17 the tantrar par,- 37 oftheJSint pBffon 3 proceeds

[fromr the outer circumference part 32. 15 [0088] As shown in FIG. 5, in the
joint structure 10, the joint portion 3 is formed by fusion welding of the

brazing malté¥fal 12 provided-atthe énd part SRS PIoREdiING efecfoder esent
11120 [0089] The consuctive memppekand thecleeiode member 28 2110y

_bonded through the joint portion 3. [0090] . ‘ ,

in the centrTal part 31 of the jdint portion 3 is higher than
that in the outer circumference part 32, when the conductive
member 1 and the electrode member 2 are joined together by
the joint portion 3. That is, the alloying of tin and copper
in the central part 31 of the joint portion 3 proceeds from
the outer circumference part 32.

[0088]

As shown in FIG. 5, in the joint structure 10, the
joint portion 3 is formed by fusion welding of the brazing
material 12 provided at the end part of the protruding
electrode 11.

[0089]

The conductive member 1 and the electrode member 2 are
bonded through the joint portion 3.

[0090]

In this embodiment according to the present invention,
the conductive member 1 is a protruding electrode, and it 1is
mainly formed of copper. For example, it comprises mainly a
singleton of copper atoms or a copper-based alloy. More
specifically, the amount of copper atoms contained therein is
preferably 95% or more, particularly 98 to 100%.

[0091]

In this embodiment according to the present invention,

the electrode member 2 is a plate type and it 1is mainly
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In this embodiment according to the present invention, 25 the conductive
member 1 is a protruding electrode, and it is mainly formed of copper. For
example, it comprises mainly a singleton of copper atoms or a
copper-based alloy. More specifically, the amount of copper atoms
contained therein is preferably 95% orgmore, particularly 98 to 100%. 30
[0091] In this embodiment according to the present invention, the

s glaclrode member 2 (s a plaje e and i fy mainly 26 fommed of coppery, -

or example, it comprises mainly a singleton of copper atoms or a
s toppercbased alloyidere spesificallyy the amouptof teppet atomsy.  More

contajned therein_is_preferahly 950 or more, particularly 98 to 1000.5_ . .
“E3001 T it oo 3 elie tho CORGCINE MG BT e 22517 52
pekettrodelmentyer 2rancits cross=seéctioreis la/trapezaid1with the side of
e Sznductive member as the upper side. [60931 10 The amount of
coppeér atoms contained in the alloy in the central part 31 of the Joint

portiornzdids higher than-thatinsthe«duter cikcumierence pad 32=berefore;n to

he jaint portion 3 has an improved thermal resistance,, Specifically, the x
et BT Nas S5 ket (Pl 16 o EaREe S e ETaby boht HABe 201
wto-thetimproevement of iconnection teliabilitynj0094% & hercentrabp parts3ilie .

5efgr the part interposed between in contact with both) the conductive

member 1 and the 20 electrode member 2. On the other hand, the outer

circumferencenpart 32 sefersthesparcinccontactmithithedeleatrades alloy in

cember 2.0yt not with fhe conductive member L. cion 3 is higher than
that in the outer circumference part 32. Therefore, the
Joint portion 3 has an improved therxmal resistance.
Specifically, the central part 31 has excellent thermal
registance and thereby contributes to the improvement of

connection reliability.
[0094]

The central part 21 refers the part interpoged between
(in contact with both) the conductive member 1 and the
electrode member 2. On the other Thand, the outer
circumference part 32 refers the part in contact with the
electrode member 2 but not with the conductive member 1.
[0095]

Thus, it is believed that the reason why the amount of
copper atoms contained in the alloy (copper-tin alloy) in the
central part 31 is higher than that 1in the outer
circumference part 32 1g as follows.

[0096]

Since the central part 31 dis 1in contact with (is
integrally formed with) both the conductive member 1 and the
electrode member 2, coppexr atoms are diffused from the both

gides. On the other hand, the outer circumference part 32 is
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[0095] Thus, it is believed that the reason why the amount of 25 copper

atoms contained in the alloy (copper-tin alloy) in the central part 31 is

higher than that in the outer circumference part 32 is as follows. [0096]

Since the central pars 31 is in contact with (is 30 integrally formed with)

both the conductive member 1 and the, electrode member 2, copper

atoms are diffused from the both. sides. On the other hand, the outer
orfigumierence part 32 isJy only.| Q%rit@gt with-(intearally-formed with) the- o5

electrode member 2 (and the central part), and thus copper atoms are

medmszsedzonlwr@mtﬁh@ eqmr@ﬁ@lm@mbéﬁ 2 (and theheentraPpagl), atoms are
afieeordingly, as compared o the guier gircumierenge 3 par.32. e, ceneral

amount of copper atoms contained in the central part 31 is high 7 0097]
pdihe) amoﬂnp@frdop@natoms cortaiteckin the alidyeincthescentral paniFrence

ol (NepintRAIton 3 isnol L Geaticulady dinited, odong as s idhelen e a1

an that in the outer C|rcumference part 32, but is preferably 30 atom%

parmaore, particigarly 40 to 80 atom%. the contained amount of copper

%%rgg is within the foregoing range, the thermal resistance is excellent.

98] The difference [SI-S2] of the amount [S_:of copper atoms

contaiffed inetheualtoydn thednithe certtralspartcBt ofi tieel joint portion8 ans in

the amount gz of co pe altoms gcontain tained |r<1>th allogy inthe outer . _

cmmm%mmmpﬁi OnmpWMUNWImw bMBpmmmmyw
patom orinoie; parrnculaﬁly 2540 60ratomms Ifithe dﬁffeiem:bas withimthghat 1in

the outer circumference part 32, but is preferably 30 atom%

not

or more, particularly 40 to 80 atom%. If the contained
amount of copper atoms is within the foregoing range, the
thermal resistance 1s excellent.

[c098]

The difference [S1-S2] of the amount [S1] of copper
atomg contained in the alloy in the in the central part 31 of
the Jjoint portion 3 and the amount [S2] of copper atoms
contained in the alloy in the outer circumference part 32 is
not particularly limited, but is preferably 10 atom% or more,
particularly 25 to 60 atom%. If the difference is within the
foregoing range, the thermal resistance is further improved
and the re-melting of the joint portion 3 by reflow heat is
inhibited, leading improvement in reliability.

[0099]

The brazing material 12 forming the joint portion 3 is
mainly formed of tin and contains substantially no copper.
[o100]

A specific example includes a blend of 95 to 99.5% by
weight of tin and 0.5 to 7% by weight of silver, preferably a

blend of 97.5% by weight of tin and 2.5

o

by weight of silver

and a blend of 96.5% by weight of tin and 2.5% by weight of
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foregoing range, the thermal resistance is further improved and the
re-melting of the joint portion 3 by reflow heat is inhibited, leading
improvement in reliability. 25 [0099' The brazing material 12 forming the
joint portion 3 is mainly formed of tin and contains substantially no
copper. [0100] A specific example ingjudes a blend of 95 to 99.5% by 30
weight of tin and 0.5 to 7% by weight of silver, preferably a blend of

. ,97\}5% by weight tin and 2.5% by weight of silver and a blend of 96.5% by

eiaﬁt' of tin and 3.5% by weight of 30 silver. [0101] Next, the wiring

[ doard will he described. [0102] 5 The wiring board according to the
present invention comprises the joint structure 10 as described above.
[01"03'RidWw, atgﬁta%]rer%n }d‘fr%lé%t ‘(véﬁagle}r)?le%%féj \?vi"r;%neg%r board) is

[ gleseribed in detail with reference to the attached 10 drawings. [0104] As
shown_in FIG. 5, a six-layer flexible witing board 400 comprises inner .
circuit SubstFatES 290 %Or)r/%éteé ‘on both gidegtsgupﬁ%ﬁ3 an%rl%\&/}v%rﬁscsidérsy\lfrﬁ3 neron

Eitor by ef awcose tircuit 15 substnate 300.46105]stheri; oliteicireuit
boards 100 are laminated on both the outer surfaces of the inner circuit

[8@Bstrates 200 (upper and lower sides in FIG. 6) 20 [01.06)

Now, a suitable embodiment (6-layer flexible wiring
board) is described in detail with reference to the attached
drawings.

[0104]

As shown in FIG. 6, a six-layer flexible wiring board
400 comprises inner circuit substrates 200 laminated on both
cides (upper and lower sides in FIG. 6) of a core circuit
substrate 300.

[0105]

Then, outer circuit boards 100 are laminated on both
the outer surfaces of the inner circuit substrates 200 (upper
and lower sides in FIG. 6).

{0106]

Here, the bonding between the core circuit substrate
300 and each of the inner circuit substrates 200 is made
using the joint structure 10 comprising the joint portion 3.
Therefore, the amount of copper atoms contained in the alloy
in the central part of the joint portion 3 is higher than
that in the outer circumference part.

[0107]

Also, the bonding between each inner circuilt substrate
200 and each outer circuit substrate 100 is made using the
joint structure 10 comprising the joint portion 3. Therefore,
the amount of copper atoms contained in the alloy in the

central part of each joint portion 3 is higher than that in
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Here, the bonding between the core circuit substrate 300 and each of the
inner circuit substrates 200 is made using the joint structure 10
comprising the joint portion 3. Therefore, the amount of copper atoms
contained in the alloy 25 in the central part of the joint portion 3 is higher
than that in the outer circumference part. [0107] the bonding between
each inner circu-t_ substrate 200 and each outer circuit substrate 100 is

-gagde using.the. 30aind struciyre 10 qomarising the joint portion 3.
erefore, the amount oPcopper atoms contained in the alloy in the
[ccemtrdal part of each joint portion 3 is higher than that in . 3 1 the outer

circumference part. thereof, [0108] Next, the method.f rgro%ucir}gia 11 b
wirinﬂeo}%d will be mcfgcs%cr)i e .05[ 109.". ‘The method %r ro Sglng a ©

deiringdoodrd according to the present invention is to produce a first
Os%) rate having a wiring board comprising a conductive member
[ %3 a .
containing copper as a major component thereof and a second substrate
10 havihg an<téctrbdémemberdtontaming coppéngs asnajor zomponeny to
thereof, in V\éhiCh the %onduc.tive member.and the telectgode Qembecr are__.
tl?e .81?65@61 lrven 601’1 .18 to ﬁﬁoduce. a 1rs suonstrate aving
usion welded using a brazing material containing tin as a major
a compament theseaf andwconiaining sabstantidlly noeoppemard theamaltem ing
state of the brazinrgplS material in @eg sion (\évgldain%is controlle% so that

CHE “Amitint Of Eopper atoms Contained in the allGy'in the central partof =2 r<
hike heazing maieriat rafter thesfuston welding is1highertharethatds the major
cggggﬁgg%”ngrgggggénirx which the conductive member and the
electrode member are fusion welded using a brazing material
containing tin as a major component thereof and containing
substantially no copper and the molten state of the brazing
material in the fusion welding ig controlled so that the
amount of copper atoms contained in the alloy in the central
part of the brazing material after the fusion welding 1is
higher than that in the outer circumference part.

[o110]

So far, the Jjoint structure and the method for
producing the same, and the wiring board and the method for
producing the same according to the present invention are
degcribed based on the suitable embodiments. However, the
present invention is not limited thereto and the construction
of each part can be substituted with any structure which has
the game function.

(0111}

For example, although the protruding electrode is used
as the conductive member 1, the present invention is not
limited thereto, and the conductive member 1 may comprise a
conductive resin paste and a copper paste (containing

substantially no resin) and the like.
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[0110] 20 So far, the joint structure and the method for producing the
same, and the wiring board and the method for producing the same
according to the present invention are described based or, the suitable
embodiments. However, the present invention is not 'limited thereto and
the cons truc 7: ion 25 of each part cap be substituted with any structure
which has the same function. [0111] For example, although the protruding
ode is used as the conductive member 1, the present invention is
not 30 limited thereto, and the conductive member 1 may comprise a
Conduetive resimpastsiand @icopper phste (contdipirr subseatitially noviring
pJesin) andthe like, 32 01:12] Also, in addition.to.the sixlayer flexible: 14y
wiring board, multi-layer wiring boards having -less than 6 layers such as
s@dhyers, 3 lagersrand the lilke be nltitlayes Wikihg SPhoardsthavimy morgiring
»§IAE 1Ny Sych s yers. S laygis- and fhe kg can beyised asdne oy
wiring board. Examples X0113; Heréinafter, the present invention will be
agésctised irk<l Ocfurthes detasi| adthabference tw ekamples. It is to be
under%og%bq%vgever, that these exgmples are for illustrative purposes
only a to be construed to limit the scope of the present
[imention. Example 1 15 First substrate- Preparation of outer circuit board
An aberlyle;aving s diametgol.30p M. Was [ated, 00 AN WAl vea in
substrate oflpcflylmlée resin having a thickness o
further detail with reference to examples. It is to be

understood, however, that these examples are for illustrative
purposes only and are not to be construed to limit the scope
of the present invention.

Example 1

First substrate- Preparation of outer circuit board

An aperture having a diameter of 50um was formed on an
insulation substrate of polyimide resin having a thickness of
25um from the surface of the insulation substrate side of a

first substrate (commercially available from UBE INDUSTRIES,

LTD. under the trade name Upicel SE1310) with a copper foil
having a thickness of 12 pm attached thereon by UV laser
radiation and desmeared by a dry desmearing apparatus. The
electrolytic copper plating was performed on the aperture to
form a copper post as a conductive member to a height of 10
pm from the surface of the insulation layer opposite to the
side with the copper foil attached. Then, a brazing material
(solder, a blend of 97.5% by weight of tin and 2.5% by weight
of silver) was plated to a thickness of 15um to form a
conductive post. Thereafter, the copper folil was etched to
form a wiring pattern. Next, a thermoplastic adhesive sheet

having flux activity (thickness of 25pm, a sheet type
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2513m from the surface of the insulation substrate side of a first substrate
(commercially available from UBE INDUSTRIES, 20 LTD. under the trade
name Upicel SE1310i with: a copper fo=il having a thickness of 12 pim
attached thereon by DV laser radiation and desmeared by a dry
desmearing apparatus. The electrolytig copper plating was performed on
the aperture to form a copper post as a conductive member to a height of
1n0:29 pi.from the surface gi the insylatign layerAppesiie odhgesider o
with the copper foil attached. Then, a brazing material (solder, a blend of
L97.5% Wpfeightonal and 25% by Weightt of silver) srasplatedre satus  and
hickness of 15pm {0 form a _conductive po hereafter, the copper foil .
S%v%%eecgchle%%% 30 fér?ﬁnénvﬁ%%g Sét%grn.ol\%l)ezt,zg th%rm%gﬁ'f;\strlnén a %si%tam @
fsheet hawingrfibe activity=(thicknessi of 2bhpyprasheet type 33 interlayer
adh%jive supplied from SUMITOMO BAKELITE Co., Ltd.) was laminated
acuum laminating apparatus and shaped into a laminate size of 120
x 170 mnAzto-abladi acfirshsuhstrate-oweraircuit substate) 100.s5 comprised
07.141 The adhesive sheet having flux activity was comprised of 45
O%ar'/'tls5 by Weightof bispHEnol Rlepdk§ {840S), 24 pare By Weigit of phenBprts

bhoV@=iak(commerialycavaiable from. SIIMEEOMG IBAKELIEEIGe 1 &tds rom
under the trade name PR53647), 28 10 parts by weight of high thermal
SHSTStaHCe Phiehoxy =(Commertially viiable RonT TORTG-CHERREAR?7) « 28

p&0fE undsr theidiage narae YL6954), 14 parte-hy weaightiofcance  phenoxy
phenolphthaleine, 0.01 parts by weight of imidazole, | parts by weight of

It B roxXySil&E (cormBreialiy avaiibie froMiNippbh 15Unicatesr the
cktdsndertherirade name Al8), andaceiong: MEK 23d DMAG 88hthaleine,
so-vents . Second substrate -a - Preparation of inner circuit board

0.01 parts by weight of imidazole, 1 parts by weight of
aliphatic epoxysilane (commercially available from Nippon
Unicar Co., Ltd. under the trade name Al8), and acetone, MEK

and DMAc as solvents.

[0115]

Second substrate a - Preparation of inner circuit board

An aperture having a diameter of 50um was formed on an
insulation substrate of polyimide resgin having a thickness of
25 um from the surface of the insulation substrate side of a
gsecond substrate a (commercially available from URE
INDUSTRIES LTD. under the trade name Upicel SE1310) with a
copper foil having a thickness of 12 um attached thereon by
UV laser radiation and desmeared by a dry desmearing
apparatus. The electrolytic copper plating was performed on

the aperture to form a copper post as a conductive member to
a height of 10 um from the surface of the insulation layer

opposite to the side with the copper foil attached and a
brazing material (solder, a blend of 97.5% by weight of tin

and 2.5% by weight of silver) was plated to a thickness of
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An aperture having a diameter of 501im was formed on an 20 insulation
substrate of polyimide resin having a thickness of 251;m from the surface
of the insulation substrate side of a second substrate a (commercially
available from USE INDUSTRIES LTD. under the trade name Upice'_
SE13-_0) with a copper foil having a thickness of 12 jim attached thereon
by 25 UV laser radiation and desmeared by a dry desmearing apparatus.
he electralytic copper plating was performed.on_the aperture to form a
l%—gpnbetr:%ogtggén a Con lﬁ%%il\l/%%gr%b ?tsog a hglg it of 16%%m from the 621 was
eSuHaee ebtthednsulationlayergoppasiterdn theside with sheseopper 9ile ot rode
attached and a 30 brazing material (solder, a blend of 97.5% by weight of
"GRPERd 22556 By Weight bt siiver) Was platet i a thickiesof 3 15 R 6 Ve
méaifz a carduetive post:skherdbetwcapper foil wastatcheddoferma WiHRG = i ve
attern and a pad as an electrode member to support the conductive post
s ARG nidtictivé Shétiger of the fifst eBiBstPate? A tHétmaoblastret type
1 Adbesiye 5 sheat having flux activity (thigkness of 25 a-a sheebtype: oo,
interlayer adhesive supplied from SUMITOMO BAKELITE Co., Ltd.) was
Liainated sy davsicuaipt thminating dppavatus drd ishelpeddnte erlamsinate and
Sﬁgeecg 120 X 170 mm tc o tgin 2, secon SH‘JbB%tI’ t al(j]%ner circtuit btai
suBstraté)n 560.%0 1Eal]@Secon& SUbstrate - Preparatlonmgf circuit®” -3+ @
sSubsisateuBs@-aere A secand substrateil (corednember) camprising an
insulation substrate of polyimide resin having a thickness of 15 2511m
6éopper foils having a :..hickness of 12p m attached on both sides of
the insgiadionssubstate-(commerciaby-ayvalabledron Mitsui-chemicals,s r rat e
Inc. under the trade name NEX23FE(25T)) was perforated using a drill to
Sforfn-tHGEgh

A second substrate b (core member) comprising an

insulation substrate of polyimide resin having a thickness of
25 pm with copper foills having a thickness of 12pm attached
on both sides of the insulation substrate (commercially
available from Mitsuil Chemicals, Inc. under the trade name
NEX23FE (25T)) was perforated using a drill to form through
holes and subjected to the direct plating and electrolytic
copper plating so that its inside and outgide were
electrically connected. Then, the copper foil was etched to
form a wiring pattern and a pad as an electrode member to
support the conductive post which is the conductive member.
[0117]

A coverlay film comprising a polvimide layer having a

thickness of 12.5um coated with an epoxy resin-based

adhesgive to a thickness of 25 pum (commercially available from
Arigawa Manufacturing Co., Ltd. under the trade name CVA0525)

was applied on the wiring pattern of the part corresponding

t

o the flexible part to form a surface coating laver.

Finally, the laminate was cut to a size of 120 X 170 mm to
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holes and subjected to the direct plating and electrolytic 20 copper plating
so that its inside and outside were electrically connected. Then, the
copper foil was etched to form a wiring pattern and a pad as an electrode
member to support the conductive post which is the conductive member.
[0117] 25 A coverlay film comprising a polvimide layer having a thickness
of 12.5}:m coated with an epoxy resin-based adhesive to a thickness of

ol%':‘:) a:!‘itrrp Qc.k?én meergloaljlléf aggggpggaf{%mbArlggjrw%Mayu;qﬁggg@ggeo.,aLgtd ‘a core)
Under the trade name CVAO0525) was applied or_ the wiring pattern of the

3 part corresponding 30 to the flexible part to form a surface coating layer.
Finally,,the Jaginale was gyt 10,8 size.of 10 170.mm lo39 oigin e, .

multi-laveriflexilyle wircwit substrate Lamination 5 The first substrate (outer
ciroult spbsteate), 100, fhe. second substate a (inner cirguitsubstrate) 200,
the second substrate ?cwcun substrate as a core) 388 the second T
s substiatewgbfinmerceircuit substrate)i200,; andghe firsta sabstedte outére second
&G rc%'}fs‘é%ﬂ@t?ééol@c"&%e.'%@b%’% 10 éeq“aes”“%”y?éfr‘éz'”%?g'g provided, . na
with a ﬁnger gui &'for posﬂmnmgﬁ%eelammate was heatéd by using a
sspetheater partiallyrtera temperature=of200Ctepartially, presbénscthe first
first substrate 100, the second substrate a 200 and the second substrat
00 0r posHORNG: 15 0T 6] Then, N2 AsTtate wad heatlrnd 8
seqmpressed at dostempenatuse of § SO andepressuresoffi.bdMPadoric® for

econd sing a vacuum press until the conductive post . came to
pgsﬁélé%ékgﬁ’ The Ham@n§§e was heateg %ypu51ng a spot heater

on

partially to a temperature of 200C to partially pre-bond the
first substrate 100, the second substrate a 200 and the
second substrate b 300 for positioning.

fo118]

Then, the laminate was heated and compressed at a
teﬁperature of 150TC and a pressure of 0.5 MPa for 60 seconds
using a wvacuum press until the conductive post came to
contact with the conductive pad. Here, the adhegive should
be charged without bubbles around the circuits on the second
substrate a (inner circuit substrate) 200 and the second
substrate b (circuit substrate as a core) 300 where the

conductive pad was provided.

2. Joining

The laminate was heated by using a press under the
following condition so that the adhesive having flux activity
exhibited its £flux activity, whereby the oxide layer on the
brazing material 12 and the oxide layer on the electrode
member 2 were removed (reduced) to join the brazing material
12 and the electrode member 1.

[0119]
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contact with the conductive pad. Here, the adhesive should 20 be charged
without bubbles around the circuits on the second substrate a (inner
circuit substrate) 200 and the second substrate b (circuit substrate as a
core) 300 where the conductive pad was provided. 25 2. Joining The
laminate was heated by using a press,under the following condition so
that the adhesive having flux activity exhibited its flux activity, whereby
the oxide.layer,on lhe raaing;mateyal 12 and tne oxide Byer aLig, e as
electrode 30 member 2 were removed (reduced) to join the brazing
heratetial £ t2@nd the eleetrpde amemberch [Q1EO] 3G Ide hieating: eendition-ate
was set so that the laminate was heated from room temperature to 260 C
waRd 85 hedting PRté Adsiset td 100 CHHIRThetBRIAGAYEMpEFsturést  to
setto 265C. The heating was, catried out at or higher for 300 5
2 s e BF S0 1050 CEEe (8 Setinr o 157 SO eIdse” 200
sapdrbe thirdhstepfor 3@ segonds; [120kHesedbe JoiRingwasnd step for
erformed at a pressure of 0." MPa. The joining of the conductive post
% AndtReeoRdERhve To pad By ﬁ&@rin@%aﬁ%@cﬁﬁ?ﬂ%ﬂéa by a solder
(fHetsfprmed by fusion welding the solder. [0121] The amount of copper
atoms contained in the central part of the joint portion was 55 atoma- and
the amiourtt of 18 copper atsnd 86ntaRed T i odter Grcanfierahce paft ©-1
Mpas 25riatorm¥s, withsthedifferenee 9H30 atem % {8122] Theamowdofuct ive
copper atoms was estimated by area

pad by soldering was accomplished by a solder fillet formed

by fusion welding the solder.
[0121]

The amount of copper atoms contained in the central
part of the joint portion was 55 atom% and the amount of
copper atoms contained in the outer circumference part was 25
atom%, with the difference of 30 atom%.

[0122]

The amount of copper atoms was esgtimated by area

analysis of EDX. The amount of copper atoms contained in the
central part was an average value of the areas of 3 X 30pum
and the amount of copper atoms contained in the outer
circumference part was an average value of the areag of 5 X

10 um.

3. Curing

The laminate was heated at 180T for 60 minutes to

harden the adhesive having flux activity. 2an adhesive layer

5 was obtained.

PIRPN g o~ = o~
4. Surface treatment of the cuter lavyer

On the outer surfaces of both outer layers, a liquid
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analysis of EDX. The amount of copper atoms contained in the 20 central
part was an average value of the areas of 3 % 30 p m and the amount of
copper atoms contained in the outer circumference part was an average
value of the areas of 5 x 104im. 25 3. Curing The laminate was heated at
180°C; for 60 minutes to harden the esive having flux activity. An
adhesive layer 5 was obtained. 30 4. Surface treatment the outer Iayer
On the outer syrfaces of both outer layer ! li |d 37._type resist
tE/ch)mmerua};l i?/gﬂgﬁg rom Hitachi gﬁe%r)mcal L%)ép (gler {ha T

Lnamexsﬂgeomm wasatintechrexpozed and) d@xzaeiogeﬁhtﬁ)tf@am asytifacel and

al Co.
e

d%%ae (98 gd Qgergures were al%o formed thereon Then, the a[%ertures ]
Were Stibiécted thgold B prating foF siiface tréatiint 1o fnally Sbtalitac *15°

fnsmﬁelﬁyeheﬂﬁa@bie circhitsubstrate op sixdayers. Enéamplgu?oﬁaeeaﬁthab gold

eheatln in the j nlng rocesswas 10 erfo ed under. the following
eatlnggccf)gnéltlonlﬁ ST {ggd |r£fh%l§x§m‘6 il layer

P e samie procedure as e4er
fwas performed-{0123;uFhedaminate was:heated:.from room temperature
to 250~C and the heating rate was set to 100 C:,/min. The maximum 15
temperature was set to 255t. The heating temperature was kept at 250 C
or highex#1:3@0 seconds (the first step for 30 seconds, the second step
for 90 seconds and the third ste for 180 seconds). [0124; 20 The
amoun%?%%pe?%{f‘omstébnta &5 i the &QntrSFepar¥ StthedinPpofn®  vwas

pwasSoatomimand therdmast Dhwing heating condition, the same
procedure as described in the Example 1 was performed.
[0123]

The laminate was heated from room temperature to 250C
and the heating rate was set to 100T/min. The maximum

temperature was set to 255T. The heating temperature was

kept at 250C or higher for 300 seconds (the first step for
30 seconds, the second step for 90 seconds and the third step
for 180 seconds).
[0124]

The amount of copper atoms contained in the central
part of the joint portion was 50 atom% and the amount of
copper atoms contained in the outer circumference part was 20

atom%, with the difference of 30 atom%.

Example 3

Except that the heating in the joining process was
performed under the following heating condition, the same
procedure as described in the Example 1 was performed.

[0125]
The laminate was heated from room temperature to 2607C

and the heating rate was set to 100C/min. The maximum
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copper atoms contained in the outer circumference part was 2C atom%,

with the difference of 30 atomo. 25 Example 3 Except that the heating in

the joining process was performed under the following heating condition,

the same procedure as described in the Example | was performed. [0125]

30 The laminate was heated from room‘temperature to 260'C and the

heating rate was set to |IOC'C/m_n. The maximum 38 temperature was
tsawtr2651s The heatitg tempefdiire waskeptat-260:€ or diighrersfonre . was

240 seconds (the first step for 30 seconds, the second step for 90

ks&tondls antithe fird'Step! For 1205 secohds|s {6) Thesaniourit'of Step  for
2GORREr Atoms captaineddn the ceptral pag of the. jQintpArignWas 805 g step
atom% and the amount of copper atoms contained in the outer
feircutrferércepatt was 30 atoms, with the difference of 20 atom'. 10
Example 4 Except that the heating in the joining process was performed
under the following heating condition, the same procedure as described
in the EX¥MpPI&@NEs perfofiie8ST5 [012FSTheFhaxRiniAT tehipefdtarecent ral

puas sezto,265'C; The-healng s iempgrature yvas kept at 260'G prhigher, . ¢
for 180 seconds (the first step for 30 seconds, the second step for 90
csavondsanghe thiFe stepfot BOSEToAUSE 200128 fRe einfsumtadft was 30

<GoRper afoms contained 4n the central part of pe joint portion was 45

acom% and the amount of

Example 4

Except that the heating in the joining process was
performed under the following heating condition, the same
procedure as described in the Example 1 was performed.
[0127]

The maximum temperature was set to 265C. The heating

temperature was kept at 260C or higher for 180 seconds (the
first step for 30 seconds, the second step for 90 seconds and
the third step for 60 seconds) .
[0128]

The amount of copper atoms contained in the central
part of the Jjoint portion was 45 atom% and the amount of
copper atoms contained in the outer circumference part was 30

atom%, with the difference of 15 atom%.

Example 5

Except that the brazing material was comprised of a
blend of 96.5% by weight of tin and 3.5% by weight of silver,
the same procedure as described in the Example 1 was
performed.
[0129]

The amount of copper atoms contained in the central
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copper atoms contained in the outer circumference part was 30 atom%,

with the difference of 15 atom%. 25 Example 5 Except that the brazing

material was comprised of a blend of 96.5% by weight of tin and 3.5% by

weight of silver, the same procedure as described in the Example 1 was

30 performed. [0129] The amount of copper atoms contained in the

central ao part of the joint portion was 50 atom% and the amount of

eopperatonteontained insthetouter cireemferencepart was 3@ ratollsmount of
ith t ifference of 20.a.tomi. 5 Comparative Example 1 Except that the

éré:%a n%gg i%ﬁ%eﬁ%inﬁr?él %?Géleesc'{snv%/gsgglé‘rfo?}ﬁ%e undertHe foifowing Hting”as 20

gonditionwthehsarhe protédurenas descriiediinsthe Example 1 was

performed. [01331 10 The maximum temperature was set to 265r The

heating temperature was kept at 260'C. or higher for 15 seconds. [01311

The am@eniefrcoppet: atiomscbatained in the central part of the joint

portion was e25tatQCnﬁg/thant(;j th %mount of 15 copper atoms ,containgd in

the outer circumference part was 25 atoms: With e diffdrened ofPFocess was

latorh%s el 32;rkmoh cirpuit Hodrdobtaiged-kkemithe Examples and thene  cape

Clporg%%r&tri\ée aEsxacrine%!e lyv&% valua;celg as follows. The evaluation 20

categories aré described below THe festitiShowh ifeFaigetf ormed.

Thermal resistance

The maximum temperature was set to 265C. The heating

temperature was kept at 260C or higher for 15 seconds.
[0131]

The amount of copper atoms contained in the central
part of the joint portion was 25 atom% and the amount of
copper atoms contained in the outer circumference part wasg 25
atom%, with the difference of 0 atom%.

[0132]

Each circuit board obtained from the Examples and the
Comparative Example was evaluated as follows. The evaluation
categories are described below. The result is shown in Table
1.

1. Thermal resistance

The thermal resistance was evaluated by inspecting the
ocuter appearance and measuring the on-resistance after the

thermal shock test (hot oil at 260C for 10 seconds «» at room

temperature for 20 seconds, 100 cycles) had been performed.

[0133]

A: The outer appearance was in good condition without
abnormality and the change in the on-resistance from the
initial value was less than *+ 5%.

[0134]

B: The outer appearance was in good condition without
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The thermal resistance was evaluated by inspecting the outer
appearance and measuring the or-resistance after the 25 thermal shock
test (hot oil at 260t. for 10 seconds F;. at room temperature for 20
seconds, 100 cycles) had been performed. [0133] A: The cuter
appearance was in good condition without abnormality and the change in
the on-resistance from the 30 initial vaitie was less than 5s. [0134. u :
The outer appearance was in good without condition 40 abnormality and
APRCTENGET te6n-resistankattrom the iritial valuewvas greatepth@ron  the
.50 t.less than [0135] C: The outer appearance was in good condition
l\%ﬁoﬁ%%tl 5§§b£ﬁloerm£\’a?ﬁy %ﬁg he rch%%ﬁ? ingthg%n@}‘letsigtﬁﬁée Hmtthe fHital
[valeewas greater than 8% but less than 10%. [0136] D: Some swells

and exfoliation were observed or the change in the on-resistance from the
initial value' was 10 GreafdtRAEN 2100 “idthd itk etate Frditdsn without

ablectrically operaiel 2.cGennegtiegeliability fhe epnnection eliabilitywas .,
.evaluated by inspecting 15 the cross-section and measuring the
lBﬁf‘rééi%tdﬁgbuﬁrtéﬁﬁe Jtreafrienttaesot for AD00 Houre s[© 187RA: Somnes .
bybhles were observed in the joint portion but the area was less than 5%

of the entire area and the change 20 in the resistance between the initial

state and aftefthe strgdthienewds fes§thans%n were observed or the

change in the on-resistance from the initial wvalue was

greater than =+ 10%. In the initial state, it did not

electrically operate.

2. Connection‘reliability

The connection reliability was evaluated by inspecting
the cross-section and measuring the on-resistance after the
treatment at 150C for 1000 hours.

[0137]

A: Some bubbles were observed in the joint portion but
the area was less than 5% of the entire area and the change
in the resistanqe between the initial state and after the
treatment was less than + 5%.

[0138]

B: Some bubbles were observed in the joint portion but
the area was less than 5% of the entire area and the change
in the resistance between the initial state and after the
treatment was greater than = 5% and less than + 8%.

[0139]

C: Some bubbles were observed in the joint portion but
the area was less than 5% of the entire area and the change
in the resistance between the initial state and after the

i

treatment was greater than * 8% and less than + 10%.
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[0138] B: Some bubbles were observed in the joint portion but the area

was less than 5% of the entire area and the chancre 25 in the resistance
between the initial state and after the treatment was greater than 5% and

less than 8%. [0139] 0: Some bubbles were observed in the joint portion

but the area was less than 5% of the entire area and the change 30 in

the resistance between the initial state*and after the treatment was

greater than = 8% and less than - 10%. 41 [0140] D: Much bubbles were
[334eted in the joint portion but the area was greater than 5% of the

entire grea in esl tween. the initial state and

et 18 8 Heaimon Wag gremor han 096 In toe cal sias, & dbagE >
toiecticafly Beeratd cAdhesionaThe adkdsisiwasrevahsated aecordihg tahange
;the I r es 0 0141]. A: Greater than 1.0,N/mm.
lF(gldgﬁ]gEs: %Qrggtge?g{ﬁ%% o%zgﬁr%ﬁnﬁai%ﬁ%ssl%]éﬁl% N?r%ﬁ%ﬂﬁ&ﬁ?&?r the
tGredterthan@.5 Nfnemtand lessithah 010 N/mnin[0d44] Phkessthan@b:, it
Nmm. 4. I%{stgrtip,n of wiring board 20 The distortion of the wiring board

Was evaliated by fspetting Thé tross-section and measuring the
on-resistance. [0145]

3. Adhesion

The adhesion was evaluated according to the peel
strength test JIS C 5016.
[0141]

A: Greater than 1.0 N/mm.

[0142]

B: Greater than 0.7 N/mm and less than 1.0 N/mm.
[0143]

C: Greater than 0.5 N/mm and less than 0.7 N/mm.
[0144]

D: Legg than 0.5 N/mm.

4. Distortion of wiring board

The distortion of the wiring board was evaluated by
inspecting the cross-section and measuring the on-resistance.
[0145]

A: Little swell was observed in the layer and there was
no break. |
[0146]

B: Some swells were observed in the layer and there was
no break.
[0147]

C: Some swells were observed in the layer and there
were up to 3 breaks.
[0148]

D: Some swells were observed in the layer and there
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A: Little swell was observed in the layer and there was no break. 25
[0146] B: Some swells were observed in the layer and there was no
break. [0147] C: Some swells were observed in the layer and there 30
were up to 3 breaks. [0148] Some swells were observed in the layer and
there 42 were up to 4 breaks. [0149 Taple 1 Exam. Exam. Exam,
ExamExam. Comp. 12345 Exam. Thermal Ar_B B A B resistance
weerneglions- - n=A1B:B B D reliability Adhesion A A A A AA Distortion
of AAAAAA wiring board [0150] 5 As clearly shown from Table I, the
[I%%a‘giﬁﬁle 1 to the Example 5 showed superior thermal resistance,
connection reliability, adhesion and.gmall distortion of the wiring board.
[0151]

Exam. Exam. Exam. Exam. Exam. Comp .
1 2 3 4 5 Exam. 1

Thermal

‘ A A B B A B
resistance
Connection
reliability A A . ® ® .
Adhesion A A A A A A
Distortion of
wiring board . : * . & .

[(0150]

As clearly shown from Table 1, the Example 1 to the
Example 5 showed superior thermal resistance, connection
reliability, adhesion and small distortion of the wiring
board.

[0151]

Particularly, the Example 1 and the Example 2 ghowed
excellent thermal resistance and connection reliability.
Therefore, it was noted that even after re-heating was
performed after the fusion welding had been done, no melting

occurred in the Jjoint portion, showing excellent thermal

regsistance.

Industrial Applicability
[0152]

The joint structure according to the present invention
comprises a conductive member containing copper as a major
component thereof, an electrode member containing copper as a
major component théreof, and a joint portion formed by fusion

welding the conductive member and the electrode member with a
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10 Particularly, the Example 1 and the Example 2 showed excellent
thermal resistance and connection reliability. Therefore, it was noted that
even after re-heating was performed after the fusion welding had been
done, no melting occurred in the joint portion, showing excellent thermal
resistance. Indust-=al App:_icabilit [0'_52] The joint structure according to
the present invention 20 comprises a conductive member containing

COPPEr as a major component thereof, an electrode member containing
copperas’s major coffgonentiifedtLand & jGinPporiond6fRea Byt thereof
dusionomelding:the eondustive memberand.theglectigde memberwitha . . -
43 brazing material containing tin as a major component thereof and
COMmaning SUbStartiaig o Copper, Whereir H amBurittst copperatomert of
weontained it thecalleyisrthe centralipare.of thejgint portion is highey than, .. ..
that in the outer circumference part thereof. Therefore, according to the
SoreSBREMUERESN, RIS poskibfe fPdbtain & JitestAlkture devinglatighto the

reannectionekabilivrhetieendhg conduetive. member and tq% J(?IllecCt@t(,jJ?ucture
member and superior thermal resistance of a joint portion bétween layers.

BPe it L 0TSt TR HERShdBEtriaFdpe Abilify MGSKERTA4AIMSduct ive

mAdeiststrugidre, eamprising:a.conductiye pember, containing copper asa -,
major component thereof; an electrode member containing copper as a

rr%ﬁfosrtégﬁf)orféfntﬁeré%f‘,%dportion between lavers. The Joint

structure has industrial applicability.
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a joint portion through which the conductive member and the electrode
member are joined together, the joint portion 0 having a central part

integrally formed with both the conductive member and the electrode MCSLLP

member and an outer circumference part nteg_rally formed with the
central part so as to surround the central part, the outer circumference
part being also integrally formed with the electrode member, and the joint
I5 portion being formed of a copper-tyr attoy wherein an amount of copper
atoms contained in the copper-tin alloy of the central part is higher than
that of copper atoms contained in the copper-tin alloy of the ou':ier

. circumferenge pagt,-whereia the-igipt poxtion;is formed by melting a
brazing "20 material containing tin as a major component thereof and ,
containingsubseantialy nocdspper sethatthe brazingdngtefial 38 & MaJor
Cotrg%@g@egg@gég% g:opper-tin alloy. The joint structurg as glaimed in
claim 1, wherein copper 25 atoms of the copper contained in the
conductiveemeniber and/oeties electrodé merber afeBiffaseddfto the major
jé)#nt orgéor)?whegotpe bargéing material is melted so that the central parr
COgRE e outer circumference part are formed of the copper-tin alloy
having the different ameunts obthencopperatams. SOrMCSLLPe4BTheer and
joint structure as claimed in claim. °, Whgrein the amountj?of the copper

Chgt RIS COMAMNBATTTHE Cofgat-ti 40§ Sof theTertral pift fs 30 Btomé of = +°"

haWOre; 2 4cThe joint structure-as-claimed deladn: whereinh intbecsasect ive
where the amount of the copper' atoms contained in the copper-tin alloy
meofihe cartralisar 1S BEMRSE A8 ARATRE AMn6UEst the COppEF AfgtnE PALt

; riontained in the copperstin allpy ofthe putercirounferance padis defined tne
as gﬁ a d#;erence
central part, the outer circumference part being also
integrally formed with the electrode member, and the joint
portion being formed of a copper-tin alloy wherein an amount
of copper atoms contained in the copper-tin alloy of the central
part is higher than that of copper atoms contained in the
copper-tin alloy of the outer circumference part,

wherein the joint portion is formed by melting a brazing
material containing tin as a major component thereof and

containing substantially no copper so that the brazingmaterial

is transformed into the copper-tin alloy.

2. The joint structure as claimed in claim 1, wherein copper
atoms of the copper contained in the conductive member and/or
the electrode member are diffused into the joint portion when
the brazing material is melted so that the central part and the
outer circumference part are formed of the copper-tin alloy

having the different amounts of the copper atoms.
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10 between Si and 52 ;S!-S2) is 10 a=% or more. 5. The joint structure as
claimed in claim 1, wherein the conductive member is a protruding
electrode. 15 6. The joint structure as claimed in claim 1, wherein the
brazing material further contains silver in addition to the tin. 7. A wiring
board comprising the joint structure defined by claim 1. 20 8. A method of
joining a conductive member containing copper as a major component
3 theredtend) ar electiodeThember containing ccopper Bs:aMBajofwherein the
o] there ether by malting a - brazing material containing tin
anggfgremg%:t%grgnp%oéé%%t ea}ég §5c§1#§olrl%§%in]ggs tantidily Ho Coppet L Loy
o fotform eejoint portonthraugt whichothe eandustive member and the
electrode member are joined together, t_ne int portion having a central
part integrally formed with both the conductive member and the electrode

4 .memberandanouter ciceumtergacelnartindegrally 30 formed with the . .+, o
central part so as to surround the central part, MCSLLP 46 the outer

CEGrcutiterencePartBEing hlsotintegrafPripfvee Wit theeengetioded in the
cdpgmb%iwhgn@a@@@mQ%@%&?ggrrﬁsgpyi@ecﬁ%@iwee%bga?%% and the

material so that the brazing material is transformed into a 5 coppeér-tin
Ay whieréincarr aRtoint of esppacatomscontained e theoppeperdim alloy

salley. of the central partis higher than.that of cooper, atoms contained in
“the copper-tin allofg‘g %he%gt%% ireéﬂ%fle?e%nlg%oﬁﬁﬁ%f‘ &o l%OIIﬁwjjéﬁfcﬂﬁa ce

bestareof the brazing2méater-8210 9s Thé method asclaimed .in claim 8,
wherein in the molten

5. The joint structure as claimed in claim 1, wherein the

conductive member is a protruding electrode.

6. The joint structure as claimed in claim 1, wherein the

brazingmaterial further contains silver in addition to the tin.

7. A wiring board comprising the joint structure defined by
claim 1.
8. Amethod of joiningexconductivelnember‘containing copper

as amajor component thereof and an electrode member containing
copper as a major component thereof together by melting a
brazing material containing tin as a major component thereof
and containing substantially no copper to form a joint portion
through which the conductive member and the electrode member
are joined together, the Jjoint portion having a central part
integrally formed with both the conductive member and the
electrode member and an outer circumference part integrally

formed with the central part so as to surround the central part,

MCSLLP
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state, the brazing material is maintained at a temperature higher than a

melting point thereof, and a difference between the temperature and the MCSLLP

melting point thereof is 25C or higher. 15 10. The method as claimed in

claim 8, wherein in the molten state, the brazing material is maintained at

a temperature of a melting point thereb$ or higher, for 60 seconds or more.

20 ii. A method of joining a conductive member- containing copper as a
t'majoricemponentithereofandoan elestrode membercontaining, GoppeEas, i «h

...a major component thereof together using a brazing material containing
L,I'Le clecrrode member, | - :
in as a'major component .:hereof and containing substantially no copper,

the methed<comprrsising.n 25-forminga filet through, méfiéﬁ%go&%%%zing
member and the electrode member are joined together by melting the
MrE2ing L miteridl $b thafthB 4R nisaénal is frahsfoFmed siftothed into a

cdigbea =+ i forming @ filghshaped alloy part within tl%%;g eLby tgo%geatci)rx]% ained
~ the fillet so that copper atoms of the copper cep tained MCSLLP 47 in the
Lipshfudtienmenber andhe electiodednembet are diffused iimte the: filet that

o doiowthe i o befransformed ino,,a copper-tin alloy, wherein.a .
amo%)%g\téof copper atoms contained 1i£|:)n ﬁué% 8%%5&4?&3“%}%? the’ r%In%nhe outer
¢ Ishaped aldoypar IS I5atomr 5 1ot iess;and faratingdslaacshapedsrazing
maaélg%pa{ts by further heating the fill= so that copper atoms of the copper
La . .

contained in the conductive member and the electrode member are

further diffused into the fillet to separate the film shaped allay part into the

1Cisland shalged alloy parts, wherein an amount of co Doe- atoms

7 contain&d if§he L0pper-firt aliBs Of BHck bR i Blartshapdd dleyhsams lten

sdadb atemnd orles$ng material is maintained at a temperature
higher than a melting point thereof, and a difference between

the temperature and the melting point thereof is 25°C or higher.

10. The method as claimed in claim 8, wherein in the molten
state, the brazing material is maintained at a temperature of

a melting point thereof or higher, for 60 seconds or more.

11. Amethod of joining a conductive member containing copper
as a major component thereof and an electrode member containing
copper as a major component thereof together using a brazing
material containing tin as a major component thereof and
containing substantially no copper, the method comprising:

forming a fillet through which the conductive member and
the electrode member are joined together by melting the brazing
material so that the brazing material is transformed into the
fillet;

forming a film shaped alloy part within the fillet by

heating the fillet so that copper atoms of the copper contained
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12. The method as claimed in claim 11, further comprising 15 forming a
joint portion having a central. part integrally formed with both the

conducive member and the electrode member and an outer MCSLLP

circumference part integrally formed with the central :art so as to

surround the central part, the outer cifcumference part being also

integrally formed 'with the electrode member by 20 further heating the fillet
irsd tiratccopper atormsiofitie copper tdontainedtindéscorductiveememberf used
;,and t?gcgleﬁrfggtm mber;are further diffused inié) th% fillet t eIimigat,e X

the island shaped " alloy parfs, whérein an amount of co%%%rc’ g nto @

cqoptained in dH6 25, copperdimalioy afithercenrtralpashishighernthanthat i negd
. of copper atoms cor%tiined in the copper-ti.n alloy of the outer

TiFCUMTSREATE patt. £3. The ettty as thamhed $7 daint 1 B WhHeres J fng tons

o€ filar 80 shaped alloy part forming step, the fillet is brought into a
MCSLLP 48 molten state. 14. The method as claimed in claim 11,
wherefrPifthedsianti® BRaped RfiBypate formrigeseept tHeCfilfet is DrcugHt the

£4ntpea Ssmolten state, Jhe-methgd.as claimed in dlaim 12, whereinin the
join'- portion forming step, the f .._llet is brought into a molten state. 10
caplacihetfoll T hTah alactGisgca wiringstartembehichra firstrsutsstrates fused

iﬂ%\’iﬂ?g \Mt@lae%ora%ugg e megnb% cor%ta'nin COpper_as a major

component tereof and a\égc%%desu s?ratjéh&o%Taaegdg Wwith an BIBStGga o the

i mMemberbaeptaihing topperas a majorcemponantibereof are joiRgdr atoms
together 3Si‘nr9 thhe joint structure defined 15 by claim 1.

contalned 11T the copper-tin alloy of sach of the island shaped

alloy parts is 15 atom% or less.

12. The method as claimed in claim 11, further comprising
forming a joint portion having a central part integrally formed
with both the conductive member and the electrode member and
an outer circumference part integrally formed with the central
part so as to surround the central part, the outer circumference
part being also integrally formed with the electrode member by
further heating the fillet so that copper atoms of the copper
contained in the conductive member and the electrode member are
further diffused into the fillet to eliminate the island shaped
alloy parts,

wherein an amount of copper atoms contained in the
copper-tin alloy of the central part is higher than that of
copper atoms contained in the copper-tin alloy of the outer

circumference part.

13. The method as claimed in claim 11, wherein in the film

shaped alloy part forming step, the fillet is brought into a
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‘molten- state.

14, The method as claimed in claim 11, wherein in the island

shaped alloy parts forming step, the fillet is brought into a

molten state.
15. The method as claimed in claim 12, wherein in the joint

portion forming step, the fillet is brought into a molten state.

16. A method of manufacturing a wiring board in which a first
substrate provided with a conductive member containing copper
as a major component thereof and a second substrate provided
with an electrode member containing copper as a major component
thereof are joined together using the joint structure defined

by claim 1.

MCSLLP



