10

15

20

DESCRI PTI ON SOLDERI NG METHOD AND DEVI CE Techni ca
Field The present invention relates to a sol dering
nmet hod and device using a | ead-free solder or a
| ead- contai ning solder, and in particular, a nethod
and device for soldering while treating a solder wth
nodul at ed el ectromagneti ¢ waves. 10 Background Art
Wth regard to | ead-contai ni ng sol ders such as an
Sn-Pb eutectic solder, etc., having excellent,
various types of performance, since funmes and gases
generated during soldering 15 work cause contam nati on
of the sol deri ng workspace environnent and an adverse
health effect to the OESCRI®TIONI it is necessary to
make toxi c substances nontoxic when printed circuit
boards, etc., using |ead-containing solders are
di sposed of, nore |ead-free soldering devices have

SORRBIYENG t BETROIR AR VIRENIGE pl ace 20 of these
| ead- cont ai ni ng sol ders. For soldering using a
| ead-free solder, eutectic solders of Sn-Ag bases

Sn- 3- 5%Ag- 0, 5- 3%Cu bases), Sn-Cu bases
Te%@#%%ﬁ%o -%@2@@9 bases), etc., are regarded as

broduesPPental faati g BTRNssCEe @ G4 ngsnod and
dex?:[‘ég'uﬁ%sge%’ 18%8-fre8”90i@e9 cmi%uﬁgad—containing solder,

and in particular, a method and device for soldering while

treating a solder with modulated electromagnetic waves.

Background Art

With regard to lead-containing solders such as an Sn-Pb
eutectic solder, etc., having excellent, various types of
performance, since fumes and gases generated during soldering
work cause contaminationof the soldering workspace environment
and an adverse health effect to the operator and it is necessary
to make toxic substances nontoxic when printed circuit boards,
etc.,lusing lead-containing solders are disposed of, more
lead-free soldering devices have tended to be employed in place
of these léad—containing solders.

For soldering using a lead-free solder, eutectic solders
of Sn-Ag bases (Sn-3-5%Ag-0.5-3%Cu bases), 5n-Cu bases

(Sn-0.7%Cu~1.2%Ag bases), etc., are regarded as promising in
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sol.dering or robot soldering process, Sn-Ag bases,

Sn- Cu bases, and Sn-Bi bases (Katuaki Suganunma,

"2003-1 Suppl enental |ssue, 5 Electronic Technol ogy"

pp. 2-14, Kogyo Chosakai Publishing Co., Ltd.

publ i shed March 1, 2003). D sclosure of the Invention

Anmong t he above-nenti oned conventional |ead-free

solder 10 alloys, in particular, the Sn-Ag base (such

as 96. 5%n- 3. 0%7g- 0. 5%Cu) is the nost dom nant

| ead-free solder alloy, however, even in this

| ead-free solder, the following problens have existed

conpared to the Sn-Pb based solder. (1) Decline in
a iV glrndadss ,1amh 18naAgeCliobapedceskdetnean heses, Sn-Zn

considered in which Ag has been added to increase an
basSms CuShasegdIsobdee,i snwdit dFdds,y. et¢loweand, ini teh ndnrual

increase in the Ag adding ratio to the Sn-Cu based
sokding ormolsitzeo bile AyBERrpaestel Ws-Ambasae, SinzEudsases,

AgSSnA(S-Sn eutecti ¢ network rings beconme m nute. As a
and §ngBi bareg (Ketupbl suoamare mhed @3 nd fupe lemegyal Issue,

conponents are_ dispersed is_desirable, therefore, i
ElGtIRmGrasPROLAGY PRe 2ag LnfRH© Cﬁ?SPkP@&@W%@- :
0 sqne. extent. (.2) ine in solder strength 2
Lt% tmﬂ{%ﬁaﬁ?ﬁ{‘?ﬁé}’ @D??&é:} ‘sol der rises in alloy
strength wth an increase in the Ag anount in the
all oy and shows the highest strength with an eutectic

Di&OTBASHd |90 Qle SPBkidd S

Among the above-mentioned conventional lead-free solder
alloys, in particular, the Sn-Ag base (such as
96.5%5n-3.0%Ag-0.5%Cu) is the most dominant lead-free solder
alloy, however, even in this lead-free solder, the following
problems have existed compared to the Sn-Pb based solder.
(1) Decline in wettability

An Sn-Ag-Cu based solder can be considered in which Ag
has been added to increase an Sn-Cu based solder inwettability.
However, with the increase in the Ag adding ratio to the Sn-Cu
based solder, the size of Ag;Sn particles and the size of
AgsSn/f-Sn eutectic network rings become minute. As a solder
structure, a state where minute alloy components are dispersed
is desirable, therefore, it is preferable that the Ag amount
is largely contained to some extent.

(2) Decline in solder strength
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corresponds to mniaturization of the alloy structure.

However, 5 the .strength sonewhat deteriorates when the

conposi ti on becomes an excessive eutectic conposition

of 4%g. (3) In addition, a (A) bridge, (B) fillet,

(© lift-off, or (D) shrinkage cavity may occur

during sol dering. An object of the present invention

is to provide a soldering 10 method and devi ce which

suppresses unfavorabl e phenonena that occur in

sol dering using | ead-free solders and | ead-contai ni ng

sol ders, such as an inferior wettability, occurrence

of a bridge, pinhole or the Iike, to a m ninmm

Mor adv@oughrambBpeat-af: Ydemedreidatr nimeenin @l lioy storength

provide 15 a sol dering nethod and devi ce which
witlkeducdndreass linetheohygeamoums ndile ad lpysenB| ehawg the

al so uses a sol der which displays perfornmance
highesvatasnatd vhabh af eatiecidccopraPai ks sildér 53Ag, this

Furt hernore, an object of the present invention is to
coprespeRInteBadpEYTARREAPE Oaﬁq%ﬁl%aﬁ&%ﬁ&épﬁﬁlﬁ& e PRV eT .

and 20 manufa tun&ng devi ce thereo%lfor factur
“haSErPRRF o S AL ERTBB LD by gites

| d | at.ed t ta . D f th
an R TN I SHEE St PR T b T Sh R trevi co. 3 The

(3?heeCt iq-f rpe aprfss)e@)trtl % ent([?ﬁef\f\."luetbe Ehiffgdofpg or

ot ow ny Sonsdt'r uc préesent ‘rnvention

(Df" &%Mé&g é@w rﬁeﬂl Vg}_lrﬁlb during soldering.

Anobject of thepresent inventionistoprovideasoldering

method and device which suppresses unfavorable phenomena that

~occur in soldering using lead-free solders and lead-containing

solders, suchas aninferiorwettability, occurrenceof abridge,

- pinhole or the like, to a minimum.

Moreover, an object of the present invention is to provide

a soldering method and device which reduces the silver content

.as small as possible and also uses a solder which displays

performance equivalent to that of a lead-containing solder.
Furthermore, an object of the present invention is to

provide a soldered article and a manufacturing method and

manufacturing device thereof for manufacturing a circuit board

of a semiconductor device or the like, a solder-plated plastic,

metal, etc., by use of the above-mentioned soldering method

and device.
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out of soldering steps of (a) during soldering, (b)
before 5 soldering, and (c) after soldering, in at
| east the steps of (a) during soldering and (b) before
sol dering, an alternating current whose frequency
tenporal ly changes in a band of 20Hz-IMHz is
appliedto at |east any of (d) a solder material, (e)
asol dering object, and (f) a peripheral portion
thereof, and a nodul ated 10 el ectronagneti c wave
treatnment is carried out by use of an el ectromagnetic
field induced by the alternating current. According
to the present invention, by treating a solder in a
nol e sbdtetist o€l thaei phesedtl ahedneiestwobhgmetachieved
waves or treating a soldering anbi ent atnosphere in a
bysbh@ef¢l¢pwimg)cd&BWﬂudtiunﬂﬂ ated el ectromagnetic
waves, wettability in soldering is made better, and an
obt heedresedsr dovantioneirsai ApLaoBEng| mEEb@féngm Hwhich,
etc. , conpared to the_conventional solder materi al
out of heo piestrd $*Fﬁ/£é~‘ht‘?%n(ahl dwHiRG $HEIeERDn thhtbefrre

sol dering performance is roved, is unclear, it ca
T 7

solderoeg c o déredttRAL Soiﬂe hedprit s 67 S&oSPPnat?H% ot
(2 Gdnsaeolireinfi il B Holrd S deuiy onlgkffracing
cu%%v VBSQ%??Q%uEgc fgﬁ l %pwﬁﬁﬁéiﬁ aﬁ@6¥%éﬁglfﬁhz

sar

is é@#}%?@ﬁlt'ota)‘: 1&%§Qn€h£@¥i§ &ngé i“ﬁl&@egﬁfﬁg (@) d foidering

ofdering, Is inprove pln ol es or bfi'dges becone
ob$ede [ dodlli®) & 8 R Bdportion thereof, and a modulated

electromagnetic wave treatment is carried out by use of an

-electromagnetic field induced by the alternating current.

According to the present invention, by treating a solder
in a molten state itself with modulated electromagnetic waves
or treating a soldering ambient atmosphere in a soldering step
withmodulated electromagnetic waves, wettability in soldering

is made better, and an obtained soldered article is improved

‘instrength, etc., compared to the conventional soldermaterial.

In the present invention, although the reason that the

soldering performance is improved is unclear, it can be

considered that, in the process of cooling the molten solder,
since minute eutectic crystals are formed as a result of a
modulated electromagnetic wave treatment to a solder

composition or a soldering object, effects are provided such
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Furthernore, since mnute eutectic crystals of the
solder 5 are forned as a result of the cooling of the
sol dering object in an electromagnetic f ield anbient
at nosphere carried out af ter soldering,
qui ck-cooling, which is carried out in ordinary
sol deri ng, beconmes unnecessary. In addition, the
nodul at ed el ectromagnetic wave treatnment 10 in the
sol dering steps of (a) during soldering, (b) before
sol dering, and (c) after soldering includes at |east
~any el ectronagnetic wave treatnent of an
el ectronmagneti ¢ wave treatnent (el ectronagnetic wave
that eshaenttipbidiayf | wkikhquaildayist seimesi i d lquestion in
treatnent step, an el ectromagnetic wave 15 treat nent
solédetty piradnetrioreda\end p bl oees o2 priidgastbdapme difficult
treatnent space, an el ectromagnetic wave treat nent
to (ke etermerhgnetic wave treatnent 3) to a preheater

space in a preheater treatnment which is carried out
f or FATEhEXIOr Sat BN CONHBY T A §USSICEIC CryFtals of the solder

el ectronagneti c ve treatnent . (el ectroma ti c wave.
Az IR D26 155 ULH FifehBuToRL ¢ LoGerPhgcr 4nS Soject

e
.sofc!}e:]gtlﬁég?&g?él%%cg@/ﬁi ,r ﬁ%ﬁf@ptié eée?:?fféjmti oi‘@i’r?ary

a coof sSpace in acooling step To

woufs BL005 pal) grigalf gl o g, L tpotah 11 1
fhegﬁgﬁwﬁ%ﬂ Ceieneah i gabaRN S tkvhadne G arfdwrir étment
in the soldering steps of (a) during soldering, (b) before
soldering, and (c) after soldering includes at least any
electromagnetic wave treatment of an electromagnetic wave
treatment (electromagnetic wave treatment 1) to a flux liquid
itself in a flux treatment step, an electromagnetic wave
treatment (electromagneticwave treatment 2) toafluxtreatment
space, an electromagnetic wave treatment (electromagnetic
wave treatment 3) to a preheater space in a preheater treatment
which is carried out for a flux-treated soldering object, an
electromagneticwave treatment (electromagneticwave treatment
4) carried out during soldering, an electromagnetic wave
treatment'(electromagnetic wave treatment 5) to a soldering

space, and an electromagnetic wave treatment (electromagnetic

wave treatment 6) to a cooling space in a cooling step for a
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to achieve the objects of the present invention, by
securely 5 carrying out an el ectronmagnetic wave
treatment in, at least, the f lux treatnent step of a
pre-step of soldering, the preheater treatnent step,
‘and the soldering step to the board, an inproving
effect of the wettability can particularly be
enhanced. In addition, it is also possible to pronote
perneation 10 (wettability) of the flux by naking the
flux liquid itself of the pre-soldering step, the
nmolten solder liquid itself of the soldering step,
the flux treatnment anbi ent atnosphere and/or the
sobdéclatd ngb padt erfiteat musiphering.nt 0 an el ect romagneti c
field anbient atnosphere of the present invention.
Thuglthdhghi Dn ik5dbei nebhe tthmtselderi hheodpece-fientioned
conductive termnal of a circuit board or the |ike)
elegirgmgietimyave tnpatwedts |In-@adiet ¢arried patadhBsEAeT
bet ween the sol dering object and sol der may be
toaglvieved thy PbIATHE @ﬁéﬂﬁ?éé%ﬁﬁﬁﬁgﬁéﬁﬁ@tﬂp§hdb&n%ﬁ%#ﬁ31y
at nosphere even without carrying out a flux treatnent.

cany Jd Sich At ALCSbY FBAPAGT HETFRYE dF A Siitednt at least,
e R R gsﬁas%?hée&gf%%e a6
tre nel UC{: %é %{]tn eSo égln%%g 'T:BOtl.lE% ové %oixﬁﬁ?
o %géﬁ:abzisﬁdﬂf 47 B, W il

\Ahe&%bxdalm?bﬁ?nléOweerlgsitp%rsisalbuestapﬁﬁaﬁgtenp@rmeatlon
(wettability) of the flux by making the flux liquid itself of
the pre-soldering step, the molten solder liquid itself of the
soldering step, the flux treatment ambient atmosphere and/or
the soldering ambient atmosphere into an electromagnetic field
ambient atmosphere of the present invention. Thus, adhesion
between the soldering object (a conductive terminal of acircuit
board or the like) and solder may be improved. In addition,
the adhesion between the soldering object and solder may be
improved by forming the electromagnetic field ambient
atmosphere even without carrying out a flux treatrﬁent.

As such, the soldering method of the present invention

is not limited to a molten-solder soldering method, but can
be applied to a soldering method including a step of, after

thermal melting, soldering and cooling of the molten solder.
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sol dering object, (b) a ref |ow type whereby a

sol dering object 5 with a solder material applied is

heated, or (c) an iron- soldering type (including

robot sol dering) whereby soldering 1is carried out by

hol ding-a soldering iron to a soldering object wth a

sol der material applied, (d) a laser type or (e) a

hi gh-frequency i nduction heating type. 10

Theabove-nentioned (a) f |owtype soldering can be

applied to both plane dip-type and jet wave dip-type

sol dering nmethods of dip soldering (nethods for

sol dering by dipping a soldering object with a flux

applThed abpve-aenmsliberdsebddey infucahebaoapplide to every

sol dering nethod of the present invention 15 can also
type ta%mqlek?m@gam@@}lodr enchokdler iavg destilnet meahodt hé (a) a

above-descri bed iron-sol dering nmethod is carried out
tloy hepriarheselyier | PRyl rn atebAeK iBator Rk i by $Prayed on a

robot. And, these iron- solderlngpnethods are carried

S%%%rwg PRIRStof (Phe FBELBWItiPe ¥ H@PYrﬂg SPLERE Ing(PHRCE
d d f
mif& ai%%vﬂéeﬂ%% 518 aa SBhtaaH ﬁéa'r'a‘%a%ed‘ Oat ety 14 Siron-
I .
so el Mms LARr bk hg oot R0 o8 R L BBy Affer ing
is umg gédelisyl LT rggaglg&ﬁl ;Ef‘ii’ﬁn’{%”? 2180l MRt

y utl cavitatio enomnmenon gene

wnl.%/ Al 55 8gORI Emam‘!éPiQi' 9Bp1§l=!&h {8y Borlas%&a'fﬂéJ _ (e) a
al um num sol dering), (rri) a resistance sol erlng i ron
high-frequency induction heating type.

The above-mentioned (a) flow-type solderingcanbe applied
to both plane dip-type and jet wave dip-type scldering methods
of dip soldering (methods for soldering by dipping a soldering
object with a flux applied into a molten solder}.

Furthermore, thesolderingmethodof the present invention
can also be applied to a {c¢) iron-soldering method, and the
above-described iron-soldering method is carried out by manual
soldering or automatic soldering by a robot. And, these
iron-solderingmethods are carried out by means of the following
soldering irons.

The soldering irons include, for example, (i) a burning
soldering iron, a gas soldering iron, an electric soldering

iron, (il) an ultrasonic soldering iron (which is used for

soldering carried out, without using a flux, by breaking an
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(which is used for soldering carried out by, while

sandwi chi ng 5 nenbers tobe joined between el ectrodes

made of -anetal orcarbon, applying hereto a |arge

current at a |l ow voltage and heating wth Joul e heat

generated at the joint portion, such as, for exanple,

sol dering between a conductive termnal of a

sem conductor circuit board and an electrical wire),

and (iv) 10 a chemical soldering iron (which is used

for soldering carried out by utilizing heat of a

chem cal reaction and suitable for an energency

operation in a workspace where generation of f ire,
oxspar kembndnéhefl ikebaarismstal dbggert idrizimat e ogentation

air). In addition, in a case where a |ead-free sol der
phemorench gdferated by aslaraednlee i ngonat &0t al sugledas n for

the present invention, thewettability and sol der
exmpkmgﬁhummngﬁlﬁs@rdenfgw)e heldle) haesdstanggfddgdering iron

without imtation to |ead-f ree solder materials, the
(vhiel dgt upadSan aﬁlésﬁlagsqﬁrb@%fﬂpept Ry  yhile sandwiching

oSN B Rl S o
oL Y B LA S RPLAES 3 St Bl peving
et B 208 8,
SN B AR, bl et
selﬁﬁé&?ducﬂjzé@)él(ifcﬁt board and an electrical wire), and (iv)
a chemical soldering iron (which is used for soldering carried
out by utilizing heat of a chemical reaction and suitable for
an emergency operation in a workspace where generation of fire,
sparks and the like causes a danger or in the open air).
In addition, in a case where a lead-free solder material
is used as a soldering material used in the present invention,
thewettability andsolderstrengthinsolderingaremadebetter,
however, without limitation to lead-free solder materials, the
present invention can alsobe applied to lead-containing solder
materials.
In addition, although the lead-free solder material to
which the present invention can be applied is not limited, a

solder alloy of an Sn-Ag-Cu base, an Sn-Ag base, an Sn-Ag-Bi

base, an Sn-Ag-In base, an Sn-Cu base, an Sn-Zn base, an Sn-Bi
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96. 5%6n- 3. 0%Ag- 0. 5%Cu base or a solder alloy of a 5
96. 0%6n- 3. 5%Ag-0.5 % Cu base is used as a |lead-free
sol der material, by applying a nodul ated
el ectromagneti c wave treatnent of the present
i nvention, a solder conposition can be provided,
which is reduced in Ag content (% by weight) to a
ratio of 0.5%to above 0% and whi ch uses the reduced
amount 10 of Ag as an increasing anmount of an Sn
content. In addition, in the present invention, it is
possi ble to nmake the nodul ated el ectromagneti c waves
effectively work in a soldering step, in addition to
basée arn8olandohet eSn-Sivlgaze | @n Gave8itisdtamnt anbyn-zZn-Bi
carrying out soldering, by use of a stick 15 nenber
bape pvoredn wertAG-Cot$b grase crambbe evhduct s an
alternating current whose f requency tenporal
chaf§&s e¥aBPHandisf @ Cpge |WigLe ﬁhiﬁ%{%ﬁ eﬁ%i/wg e 2

Iongitudinal direction thereof in the. direction of
261 1eSRoP deFAIT0 obfett . PFR® r OFsor? f oFOLASE | &lip¥caffe 2

[ |t f d ted,el ect t]
e A e TR SELTONe G i
Lck | ded ith i ti.Qn. .
ma B FREr ok, SPRLYRGY0 bs S | 8Ae e ppeRsEiGe o

erdd{fed 0% g 8&?9&% CLATORBONLT | £ NAVR ESﬁFHEE]‘cioRycan

using _another el ectromagnefic have treat men
be | Y MUY, hildd Gar 8dquadd/ oh Areddidd q4 Bﬁzeﬁéﬂﬁlﬁ{:% to

in a step before and after soldering, the wettability
a @ S ifder, 53t £6NHdiie ®RCand Witch uses the reduced amount
of Ag as an increasing amount of an Sn content.

In addition, in the present invention, it is possible
to make the modulated electromagnetic waves effectively work
inasolderingstep, inadditiontothemodulatedelectromagnetic
wave treatment, by carrying out soldering, by use of a stick
member providedwithacoil portionwhichconducts analternating
current whose frequency temporallychanges inabandof 20Hz~-1MHz,
while orienting the longitudinal direction thereof in the
direction ofrthe soldering object. The reason for that is
because intensityof themodulated electromagnetic wave becomes
stronginthe longitudinaldirectionof the stickmember provided
with a coil portion.

Furthermore, in the present invention, simultaneously

with the modulated electromagnetic wave treatment, by using




10

15

20

inmproved. 5 The objects of the present invention wll

al so be achieved by the follow ng constructions. A

sol dering device conprising: a solder nmateri al

applying portion for applying a solder material to a

sol dering object; a soldering object and/or a sol der

material for soldering of 10 the sol dering object,

and/or a coil-wound coil portion provided in the

vicinity of the solder material, and an

el ectromagnetic wave generator applies an alternating

current whose frequency tenporally changes in a band

of 20Hz-1MHz to an electric wire of the coil portion.
andEhén eddditticmgriett iicswakeot peatidihe itnr lewdilingy ani infrared

addition to the coil portion of the sol dering device,
ang/epnferuénfoaredr brcasdenitt hira a8t FtRpmbefercoransl after

which a coil which conducts an alternating _current
sol@estngr ehilen¥gttahpdi byl préhasdeen e g¥tc., are
. 20Hz-| MHz has been wound and whose | ongitudi nal 20
1mpre¥eti on has been oriented in the direction of the

201457 3015, 9% 88 lend b, DOIBEA Pa  lEcpovec
by Gt BPY FhPEHAONS bath artached with o

B e B o i L oo e @By
pof%&%ﬁ for applying a solder material to a soldering object;
a soldering object and/or a solder material for soldering of
the soldering object, and/or a coil-wound coil portion provided

in the vicinity of the solder material, and an electromagnetic

wave generator applies an alternating current whose frequency

temporally changes in a band of 20Hz-1MHz to an electric wire

of the coil portion.
In addition, it is also possible to employ, in addition
to the coil portion of the soldering device, a construction

provided with a stick member onto which a coil which conducts

an alternating current whose frequency temporally changes in

a band of 20Hz-1MHz has been wound and whose longitudinal
direction has been oriented in the direction of the soldering
object.

If the soldering device of the present invention is a

flow-type device, the solder material applying portion is

10
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the nolten sol der toward the sol dering object,
di sposed in the 5 nolten sol der bath, and the coi
portion is provided in the vicinity of the nolten
sol der bath and/or in the nolten solder supply pipe.
In addition, the nodul ated el ectronmagnetic wave
treatnment includes at | east any el ectromagneti c wave
treatment of an 10 el ectromagnetic wave treat nent
(el ectromagnetic wave treatnment 1) to a flux liquid
itself in a flux treatnent step, an el ectromagnetic
wave treatnment (el ectromagnetic wave treatnent 2) to
a flux treatnent space, an el ectronagnetic wave
cotpestdredta mpékeotsaibgnetor ingue ltreeas okder Datthoatatached
preheater space in a 15 preheater treatnment which is
withra ipcelmat fng deviaex-anddatred fdukdereagmehtedeviamdand
an el ectromagnetic wave treatnent (el ectromagnetic
a Rglieen repldathts upp loamdiped wédh aor PRBaystdeprage tanspout
el ectromagneti c wave treatnment (el ectromagnetic wave

- the meditREnsobyer Forars Hbri s dgRidy ahdeeE - ghisposed in the

T
s U B PR 0ok S B0 O Rt B8

t gnetic wave treatnments 1-6 are carried out,
Suﬁéfﬁr 3$?11 to achieve the objects of the present

| NVeRtd Lt i) ,St_e&é‘fnShMlaE@&re\iie%Q;r%Wégﬁl@tic wave %re:%ltment

el ectromagnetic wave treatnent in, at east, t he

ind1iddd 6 Ml s St oMy b1 AcPFEnSded: 1wl et dWsmdd¥e of an
preheat er
electromagneticwave treatment (electromagneticwave treatment
1) to a flux liguid itself in a flux treatment step, an
electromagneticwave treatment (electromagneticwave treatment
2) to a flux treatment space, an electromagnetic wave treatment
(electromagnetic wave treatment 3) to a preheater space in a
preheater treatment which is carried out for a flux-treated
soldering object, and an electromagnetic wave treatment
(electromagnetic wave treatment 4) carriedout during soldering,
an electromagnetic wave treatment (electromagnetic wave
treatment 5) to a soldering space and/or an electromagnetic
wave treatment (electromagnetic wave treatment 6) to a cooling
space in a cooling step for a soldering object after soldering.

Although it is desirable that all of the above-mentioned

electromagnetic wave treatments 1-6 are carried out, in order

11
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treatnment. step, and the soldering step to the board,

an inproving 5 effect of the wettability can

particul arly be enhanced. In addition, the nolten

sol der supply pipe disposed in the nolten solder bath

Is provided with a nolten solder intrusion-preventing

pi pe connected to an outer peripheral portion thereof

, and the coil portion is constructed by inserting 10

a coil into the nolten sol der supply pipe via the

inside of the nolten solder intrusion-preventing pipe

and wi nding the sane. As such, by constructing the

coil portion by inserting a coil into the nolten
tosuilderves iyl phpjiepésvof the presadd ahvEnttioa ,nbit eecurely

sol der intrusion-preventing pipe and w nding the
caranEng shrican Réectirbmagnabic rmadlee tho cegmerdt iwi,t Bttheast,

solder material in a nolten state, the coil is hardly
theélexitgieatagnt stepiaf @ pie-gten pé sedidergadyitdie preheater

constructed by wnding, onto a coil installing, menber
tr%%ﬁﬁ@%ﬁéHePoa@ﬁéﬂH%FPgﬂGEbPﬂéFepﬁﬁ)theboardranlm@rOVlng

ocFBHE S5 HBLRETAA TR B P P ks
| PLRCYSEE. 8000, Lk e S 8 BB TR LR o
i pe. . si fitti f.th il t.0- 1 '

en B BAGR I BRT L"S S s e B sorcer

inPBkS £5h - S &t 7Y gfig@iégﬁm a1 44 yc_:ﬁi?efx}]g&iﬁ%ral

I'f a longitudi nal rection of the coil 1nstalllng
porBidethereof, and the coil portionis constructedbyinserting

a coil into the molten solder supply pipe via the inside of

-the molten solder intrusion-preventing pipe and winding the

same.

As such, by constructing the coil portion by inserting
a coil into the molten solder supply pipe via the inside of
the molten solder intrusion-preventing pipe and winding the
same, since the coil is not made to contact with the solder
material in a molten state, the coil is hardly deteriorated.

Inaddition, if thecoil portionis constructedbywinding,
onto a coil installing member connected to the molten solder
intrusion-preventing pipe through the inside of the molten
solder intrusion-preventing pipe, a coil introduced onto this
coil installing member through the inside of the molten solder

intrusion-preventing pipe, since fitting of the coil onto the
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IS connected, inside the nolten sol der
intrusion-preventing 5 pipe, toin the direction
orthogonal to a longitudinal direction of the nolten
sol der supply pipe, electromagnetic waves can be
given fromthe coil portion of the coil installing
menber in a direction orthogonal to the fl ow
direction of a nolten solder inside the nolten sol der
supply pipe. As a result, an 10 el ectromagneti c wave
energy anmount of a higher output is given to the
nolten solder. In addition, although the coil can be
wound around the coil installing nmenber by single
co nidh sicp ok i b uisEmbenr capr be | @gorr ik d diutg outtlsd dent basmo Yten
of generated magnetic waves is further 15 increased by
sotden| kath, mantepandadibigl ttanis recelflanitngl e
MAndlng In addition, if the coil installing nmenber is
pr ovifde d oG dHIce naitdi ze graia PEIthe ¢ahéém§mal+1#n@ member
| ongi tudinal direction of the nolten sol der supply
is pcfcb‘é“e%\i?%dorﬂtfb‘s idfeddec Bl trRs EQLARA 912’6r H%h%’é‘r%reﬁ’?n%lng

Pl%‘?gﬁ? ' fRe e R edoh i %ﬁcz{r}aﬁg‘g?r'@%{%‘lf ﬁ%ﬁ%ﬁa&ﬁectm

of JE E%Oﬁ'@eq}” 4Tt SRS piGeY, {38k BofathEi E85es can
be C@. tnp tthléanHT r@l&‘?sc?f %g %0‘1'16188{:%%5?955 I?é]mber
provi menber. °|

ed on Si coi | i nst al

1nteb‘%1ﬁtl§8‘|§z.&?r5ft9ﬂﬁg%n%@ der ithe Q%\Sk«célﬂecw@np&fs&%olten

solder inside the molten solder supply pipe. As a result, an
electromagnetic wave energy amount of a higher output is given
to the molten solder.

In addition, although the coil can be wound around the
coil installing member by single winding or double or more lap
winding, the intensity of generated magnetic waves is further
increased by double or more lap winding than that of single
winding.

In addition, if the coil installing member is provided
double with a parallel arrangement in a longitudinal direction
of themolten solder supply pipe, and onto these coil installing

members, if a coil is wound in a fiqure of zero or in a figure

‘of eight across the two installing members, generated

electromagnetic waves can be given in a wide range, and the

electromagnetic wave is also intensified compared to that in
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invention is a reflowtype device, a solder applying

portion 5 thereof is provided with a transfer neans

for transferring a sol der object provided by applying

a cream solder to a solder object froman upstream

side to a downstream side, a heating neans for

heating the sol dering object being transferred by the

transfer nmeans, and a cooling neans, and the coi

portion 10 is provided with a coil wound around the

transfer nmeans for transferring a solder object. In

this case, the coil portion is constructed, for

exanple, by arranging a coil in a direction
a oashogbant theactibhnsdetiomgisdprecided of a sohgkeiogil

object transferred by the transferring 15 neans so as
inspatlipguneibére. sol deri ng obj ect. The heating neans

i s, forexangle, conposedof apreheating portion

pr odifdé8eonbare upatt taned| relder e 4156t efr thg present
., direction of the transferring nmeans _and a real heating
1nyR 1o 1HrR0v P8 oRYREIBRNEER e SOI@E Tt ARPFL I gt 1on

cnfEoEoP) LIBTERER 2,15 PERNLASS 905 JOITRLLSER 108, o
o ShEF SPRIBFOG BN Al 520 B S o

obgégFggﬁ%éQ?kuﬁétk@a&hgiégoyg'gmﬁgddy%?éa o%g?éigg heating

e present rnvention 1S a so iy

medAONEdY R AL &hed B 138l BB le%itnﬁeiﬁerii:é’ﬁ%férred by

provided wth a soldering iron for carrying ou
the transfer means, and a cooling means, and the coil portion

is provided with a coil wound around the transfer means for
transferring a solder object.

Inthiscase, thecoil portionis constructed, for example,

by arranging a coil in a direction orthogonal to a transferring

direction of a soldering object transferred by the transferring
means so0 as to surround the soldering object.

The heatingmeans is, for example, composed of apreheating
portion provided on an upstream side in the transferring
direction of the transferring means and a real heating portion
provided on a downstream side thereof, and the cooling means
is provided on a downstream side of the real heating portion,
whereby a modulated electromagnetic wave treatment can be
carried out at each stage of soldering of preheating, main

heating, and cooling.

o 14




10

15

20

sol dering by being nmade to contact with or being nmade

proximate 5 to a soldering object with a sol der

applied, and the coil portion is constructed by

wi nding a coil around a part of the soldering iron.

In this construction, since the coil portion exists at

the soldering iron part, nodul ated el ectronagnetic

waves can 10 be applied toward a sol dering object at

all tinmes. In addition, the present invention also

i ncludes a nethod for manufacturing a sol dered

article wherein the soldering nethod has been

i ncorporated in manufacturing steps. The sol dered

ar t ildl ehengboadesment iehedtsoider ingd estviiceabfegbeppensent

15 whi ch requires sol dering including sem conductor
invent tes issacie ldey igiar todn-byee devicevi teel spilder applying

sem conductor devices. In addition, soldered articles
Pogﬁb%ﬂaksaP¥0VE¢%@thﬁhca/%¢%@¢¥¢%%ll%ﬁ%l%%%n@aﬁﬁYhﬁg out

requi res sol derin |nclud|n sem conduct or devi ces,

S ) I%el%% t%FF%ﬁ@F 2®@%%5Fh%eb?%VP@@ﬁPE?¥Hmate
sem._c nductor deVIC ined Qy t deri
o fit K3 FBIFFBUaR 4 ROLTeT awediss st ?ha%@dwﬁwn
resent, |nvent .0N Furth r.mor the [
s et e TR Ry ggn%t%m&§ quad dge.rgﬁf dsoldering
nuf acturing a soldered article including aI
electronic /electrical equipnment which requires

0' 48r thds b@ﬁét‘ﬁué‘gléx?{m SONBIHY H9Y! p2tibArexists at

exanpl e, such as circu
the soldering iron part, modulated electromagnetic waves can

be applied toward a soldering object at all times.

In addition, the present invention also includes amethod

-for manufacturing a soldered article wherein the soldering

method has been incorporated in manufacturing steps. The
soldered article includes all electronic/electrical equipment
whichreguires soldering including semiconductor devices, such
as circuit boards provided with semiconductor devices.

In addition, soldered articles such as all
electronic/electrical equipment which requires soldering

including semiconductor devices, for example, such as circuit

boards provided with semiconductor devices, obtained by the

soldering method of the present invention are also included
in the present invention.

Furthermore, the present invention includes a method and
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boards provided with sem conductor devices, including

the soldering device. Brief Description of Draw ngs

FIG 1 is a perspective view of a soldering device of

an enbodi nent of the present invention. 10 FIG 2 is a

side schematic view of the soldering device of FIG

1. FIG 3 shows sectional views of the vicinity of a

nolten sol der exhaust-nozzle of a sol der supply pipe

of the soldering device of FIG 1 and a sem conduct or

device being transferred 15 above the nolten sol der

exhaust-nozzl e, respectively. FIG 4 is a side

schematic view of a soldering device of an enbodi nent
devpice heopr mganfachvenngor RilGersd sartifdlenwcimsluding all

sol derin frocess of an enbodiment of the present .
el%tfm%fﬁ SRR L 6 easlipmenge Weldharieguireéd otokdering
, test apparatus to investigate various_conditions for
1nGlySHHRY SCEH CONGECOFagRELTReS / ifFeekARAL Ut apheircuit
, resent inpvention, FIG, 7 is a view show ng, a X
bogxsiiii PFORLAFRT Bo AP mSENLEOBHUES 08| AisRsynat il Hing the

eatnent is being applied in the mddle of pouring a

Soié) %§§2§ﬁ%hﬁebbtained by the test apparatus of FIG

6 inamld. FIG 8 is a copy of a m crophotograph of

an i ngot polished

Brief Description of Drawings

FIG. 1 is a perspective view of a soldering device of
an embodiment of the present inventiocn.

FIG. 2 is a side schematic view of the soldering device
of FIG. 1.

FIG. 3 shows sectional views of the vicinity of a molten
solder exhaust-nozzle of a solder supply pipe of the soldering
device of FIG. 1 and a semiconductor device being transferred
above the molten solder exhaust-nozzle, respectively.

FIG. 4 is a side schematic view of a soldering device
of an embodiment of the present invention.

FIG. 5isaflowchartof asolderingprocess of anembodiment

‘of the present invention.

FIG. 6 is a side schematic view of a test apparatus to
investigate various conditions for amodulated electromagnetic
wave treatment of the present invention.

FIG. 7 is a view showing a condition where a modulated
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surface in a case where no nodul ated el ectromagnetic
wave treatnent has been applied by the test apparatus
shown in FIG 6. FIG 9 is a copy of a
m crophot ograph of an ingot polished surface in a
case where a nodul ated el ectromagneti c wave 10
treatment has been applied at 0.3A and 50-5, 000Hz by
only the test apparatus shown in FIG 6. FIG 10 is a
copy of a m crophotograph of an ingot polished
surface in a case where a nodul ated el ectromagnetic
wave treatnent has been applied at 0.3A and 50-500kHz
by only the 15 test apparatus shown in FIG 6. FIG
elgqtienagrepic ofave hreabphot oigy etingf appliegdn pbeishidle
surface in a _case where a nodul ated el ectromagnetic
of \RRUr 1nG edafwditerhaslgesobppined kit thesAestdapparatus of
50- 20, 000Hz by only the test apparatus shown in FIG
FIG. ool &maldis a copy of a microphot ograph of an

i ngot i,shed surface.in case where a nodul a
el g@?ﬁgn%glﬁe? ICORNQE 2 IPJr%Ja?ﬁ% YO%%P%@éna%&&GPéop%}lshed

h
G PR SR PR SRl e
el s FLGh AL P60 Rt BOEEPRNRS SN .

.electromagnetic wave treatnment has been applied at
" 0.3A and 50-500kHz in the mddle

FIG. 9 is a copy of a microphotograph of an ingot polished
surface in a case where a modulated electromagnetic wave
treatment has been applied at 0.3A and 50-5,000Hz by only the
test apparatus shown in FIG. 6.

FIG. 10 is a copy of a microphotograph of an ingot polished
surface in a case where a modulated electromagnetic wave
treatment has been applied at 0.3A and 50-500kHz by only the
test apparatus shown in FIG. 6.

FIG. 11 is a copy of a microphotograph of an ingot polished
surface in a case where a modulated electromagnetic wave
treatment has been applied at 0.3A and 50-20,000Hz by only the
test apparatus shown in FIG. 6.

FIG. 12 is a copy of amicrophotograph of an ingot polished
surface in a case where a modulated electromagnetic wave
treatment has been applied at 0.32 and 50-5,000Hz in the middle

of pouring in the test apparatus shown in FIG. 6 and the mold.
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5 of pouring in the test apparatus shown in FIG 6 and

the nold shown in FIG 7. FIG 14 is a copy of a

m crophot ograph of an ingot polished surface in a

case where a nodul ated el ectromagneti c wave treatnent

has been applied at 0. 3A and 50-20, 000Hz in the

m ddl e 10 of pouring in the test apparatus shown in

FIG 6 and the mold shown in FIG 7. FIG 15 is a

copy of a m crophotograph of an ingot polished

surface of a |ead-containing solder to which no

nodul at ed el ectronagnetic wave treat nent has been

applied. 15 FIG 16 is a side sectional viewin a case
shommr &naFi@r 7semi conductor chip termnals were

inserted into through holes provided in a board,

condi¥&-i V& 1 2 e9pEPl aaiiseaphodegriapd ok aniiurtupebished

chip termnals were optinmally soldered via the
SUFRReBgAThG €32520vkeEe 87 maduladssy @tegtromagnetic wave

crhELSRISLOBL 2 shovd a0 2 voldorl 10, BRI on Ground.,
o RS B SRR HRLE LA R 6B M e mone

Sh&& aigep to7a 18 sem conductor device and a nolten

solder." 1 G 18 is a copy of a mcrophotograph show ng
as r r
o antey 1R £REB LR s ARLAER GBS G0l Panea

suSPAEE! HRY Vagaddl ThEfe Ol mfdiflated electromagnetic wave
treatment has been applied at 0.3A and 50-20,000Hz in the middle
of pouring in the test apparatus shown in FIG. 6 and the mold
shown in FIG. 7.

FIG. 15 is a copy of amicrophotograph of an ingot polished
surface of a lead-containing solder to which no modulated
electromagnetic wave treatment has been applied.

FIG. 16 is a side sectional view in a case where after
semiconductor chip terminals were inserted into through holes
provided in a board, conductive wires on the board and the
semiconductor chip terminals were optimally soldered via the
through holes.

FIG. 17 is a copy of a microphotograph showing a soldering
condition around the semiconductor chip terminals in the board
through holes in a case where soldering was carried out without

applying a modulated electromagnetic wave treatment to a

18
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5 applying a nodul ated el ectromagneti c wave treat nent

to a sem conductor device and a nolten sol der at O.

3A and 50-5, OOCHz. FIG 19 is a copy of a

m cr ophot ogr aph showi ng a sol dering condition around

t he sem conductor chip termnals in the board through

holes in a case where soldering was carried out after

10 applying a nodul ated el ectronagneti ¢ wave treat nment

to a sem conductor device and a nolten sol der of the

part surrounded by a dotted |line (b) of FIG 16 at

0. 3A and 50-50CkHz. FIG 20 is a copy of a

m cr ophot ogr aph showi ng a sol dering condition around
semheomani wondietiore @nid 4 engliteal sdlddearhe board 15

t hrough holes in a case where soldering was carried

out Faft.ek8 la@pcypﬁgafaamncmlmoar@@thrm Bcsqudering

treatment to a_ sem conductor device and a_nolten
corGH RN §FOLRE e £eBdFPadHEERT W%tééﬂlﬂéélﬁiﬁﬁétbﬁ)k’%fd

FIG 16 _at 0.3A and 50-50CkHz. FIG 21 is a.cop a
threughy BRdesgh Aph ARGWMRGTR §%M%FH’1‘§; wag) CeghAPE éﬂt atter

2P °%%h32319§ﬁﬁ%°§d“ e or T HE VBESBBPRIEd O

sefilo ISl 3091 X6 10 8, grdulated jeleet pOTRONE!L 6 VA Fons

sem COI’] ucto vice an

4 3y SRS G Ly s

cod OLKh BPSuﬁ&@H@QQH@EBthB'ﬁ:Brt&h pakRihA1Eh&: lEﬁérk%ard
through holes in a case where soldering was carried

thﬁ&ﬁﬁ]kb)ﬁdl%% iffa xd=R2GheeBt 36 1E8L1 SR cirhedtout after
appl yi ng a nodul at ed

applying a modulated electromagnetic wave treatment to a
semiconductor device and a molten solder of the part surrounded
by a dotted line (b) of FIG. 16 at 0.3A and 50-500kHz.

FIG. 20 is a copy of a microphotograph showing a soldering
condition around the semiconductor chip terminals in the board
through holes in a case where soldering was carried out after
applying a modulated electromagnetic wave treatment to a
semiconductor device and a molten solder of the part surrounded
by a dotted 1line (a) of FIG. 16 at 0.3A and 50-500kHz.

FIG. 21 is a copy of a microphotograph showing a soldering
condition around the semiconductor chip terminals in the board
through holes in a case where soldering was carried out after

applying a modulated electromagnetic wave treatment to a

semiconductordeviceandamoltensolder at 0.3Aand50-20,000Hz.
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5 el ectromagnetic wave treatnment. FIG 23 shows a pl an

view (FIG 23(a)) of a test piece of soldering by a

nodul at ed el ectromagneti c wave treatnent of the

present invention, an enlarged plan view (FIG 23(b))

and a side view (FIG 23(c)) of a through hole

thereof. 10 FIG 24 is a copy of a photograph show ng

an occurrence of dross on the nolten sol der surface

of a soldering device as a result of a nodul ated

el ectromagneti c wave treatnment of the present

invention. FIG 25 is a copy of a photograph show ng a

condition 15 where an occurrence of dross on the

ol T -sd? dera sepaek achicrppivl trgiam) dboweagassaldering

result of a nodul ated el ectromagnetic wave treatnent
CORflit hen gresest the vemicomdyes oeehin kspmisisds. ixitde beard

is a copy of a photograph showi ng a condition_ where
thypugl Aalashds diCafo¥iesR STt WaSof BEF 188 T e BYoFse

20 so] deri.ng devi ce a result of a_mdul at ed
OF ¢ Po UGS R, 5 F A nEAEDBRt | FERgHaSia Todulated

j [ on_has b d. FIG 27 sh
1587 SRR T PR and a side view (FIG

Cube Sha%8 RaPPenteBr o P NI RS ARG ftece

of _%Joqqerﬁ%geg% %dﬁg%tgféiﬁekoﬂsghgsiefwé tRe8SRBht of

Invention. FIG I's a perspective view show ng a
thdP RGO nWendiBE, #n @ilarPpRabOiied NHR ! 2BYD)) and
menber of FIG 27.
a side view (FIG. 23(c)) of a through hole thereof.
FIG. 24 is a copy of a photograph showing an occurrence

of dross on the molten solder surface of a soldering device

as a result of a modulated electromagnetic wave treatment of

.the present invention.

FIG. 25 is a copy of a photograph showing a condition
where an occurrence of dross on the molten solder surface of
a soldering device as a result of a modulated electromagnetic
wave treatment of the present invention has been suppressed.

FIG. 26 is a copy of a photograph showing a condition
where an occurrence of dross on the molten solder surface of
a soldering device as a result of a modulated electromagnetic
wave treatment of the present invention has been suppressed.

FIG. 27 shows a perspective view (FIG. 27(a)) and a side

view (FIG. 27(b) showing a connecting portion between a short
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5 FIG 29 is a perspective view show ng a nethod for
winding a coil onto a coil installing nenber of FIG
27. FIG 30 is a perspective view showi ng a nmethod f
or wnding a coil onto paral le 1- arranged coi
installing nenbers of FIG 27. 10 FIG 31 shows a
side schematic diagram (FIG 31 (a)) and a plan
schematic diagram (FIG 31(b)) of a reflow soldering
device of the present invention. FIG 32 is a diagram
show ng tenperatures of a heating zone and cooling
zones during ref |low soldering of the present 15
invention. FIG 33 is a diagramshowing a rel ationship
tubet weeh andolaead sbidéronagmely ¢ pipee ioft easitgdahated
~ spacing between two adjacent coils at a coil portion
eleje Fomagedt baweskdarsatrgensfdetiecepésdetpienant toventon.
FIG__34 shows explanatory views of a solder spread
tesFIut® A ¢ PRIFEGRESELUBIVTIRY BhoVhRI Y BeBhed for winding
invention. FIG_35 is an explanatory view of a sol der
a RFbrgR P t 2t Hutr it e o werhalerdthd G- t4e present

VBT O 13 B8R0, 5091, SIRL a0 00 848 IS i
o BERSONA SOt Fl ) Sl Bl AL oy e of @

of tf"&%.pf{?igné ple?‘ggglzit?@e view showing a method for winding
a coil onto parallel-arranged coil installing members of FIG.
27.

FIG. 31 shows a side schematic diagram (FIG. 31(a)) and
a plan schematic diagram (FIG. 31(b)) of a reflow soldering
device of the present invention.

FIG. 32 is a diagram showing temperatures of a heating
zone and cooling zones during reflow soldering of the present
invention.

FIG. 33 is a diagram showing a relationship between
modulated electromagnetic wave intensity and spacing between

two adjacent coils at a coil portion during reflow soldering

of the present invention.

FIG. 34 shows explanatory views of a solder spread test
during reflow soldering of the present invention.
FIG. 35 is an explanatory view of a solder strength test

during reflow soldering of the present invention.
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5 FIG 38 is a viewfor explaining directionality of
an_ electromagnetic wave intensity in a case where an
- electric wire which conducts a variable frequency has
been wound onto a stick body. FIG 39 shows di agrans
showi ng a rel ationship between 10 distance fromthe
coil and el ectronmagnetic wave intensity of the device
shown in FIG 38. Best Mdde for Carrying out the
I nvention Modes for carrying out the present invention
will be 15 described along with the draw ngs.
Enbodi nent 1 In the present enbodi nent, a nodul at ed
el ectromagneti ¢ wave treatnent of a
96. F%Sn- 336%&@007859€pr@1$@@0$1)| delewsaswhemr ciagdydong byut
use of a jet wave di p-type sol dering device shown 20
Solde¥ hed peY speett i selderinofof|tde prarpndi davesHdmat-i c
view of _FIG 2. The jet wave di p-type sol dering
devifd& -ot? Pﬁémp?}é%]ef?ﬂat%ﬁbﬁélﬁ %aglésatameaé#mg during

3 °~‘f‘€%g 2&"‘5'&%éﬂg?é’wﬂfgreéﬁalﬁapiﬁﬁ@8'5%’?%@31‘#%8 %%f’?’éﬁan

e %?%l@"?f%ﬂ%“%c PO RRLRR B BER RG] i

whfcHebhelct el 464 i Bhaker Ay has been wound onto a stick
hody.

FIG. 39 shows diagrams showing a relationship between

distance from the coil and electromagnetic wave intensity of

the device shown in FIG. 38.

Best Mode for Carrying out the Invention

Modes for carrying out the present invention will be
described along with the drawings.
Embodiment 1

In the present embodiment, a modulated electromagnetic
wave treatment of a 96.5%5n-3.0%Ag-0.5%Cu-based solder was
carried out by use of a jet wave dip-type soldering device shown
in the perspective view of FIG. 1 and side schematic view of
FIG. 2.

The jet wave dip-type soldering device of the present

embodimenthasaabathlcxfanmlten96.5%Sn-3.0%Ag-O.B%Cu—based
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by rotating the fan 6 by a notor 7, the nolten sol der
3 in the solder bath 1 can be supplied through the
sol der supply pipe 4 to its exhaust nozzle 4a. In
addi tion, a conponent to be soldered (in the present
enbodi nent, a sem conductor device 10 9) is
transferred by a transfer unit 11 for a sol dering
obj ect which passes above the exhaust nozzle 4a.
Respecti ve sectional views in the vicinity of the
nol ten sol der exhaust-nozzle 4a of the solder supply
pi pe 4 and the sem conductor device 9 being trans f
erred above the nolten solder 15 exhaust-nozzle 4a
sobder stiwivhdatefisG2 §isppsetiethentezormdud andlén tbedbath 1
conductive termnals 13a of a sem conductor chip 13
storiRd e @w liteseppidebel oree R@AgePnSOlded RPN @3 PE24 with
provided in a board 12, and during a pass above _the
an nBFRERS s AR L @xhALERT 1B7DRES BEG LA L oer salfpry3 by

t he ¢onductive t rmnals 13a_ip the throu
indir PADEEE sars A AE SH AAR eI RRTT S oPc PR ton

cellu oG 201 88t PRRAAER @@&%%%Qﬂg%ﬁ?ﬂ%gkﬁaébbeam
by %lc[teacg n \én@%gﬁ%xﬁ‘gtf%&dg %5@ '}eril_élﬁollngﬂ:en%]cgg&%r &) ES %he

soPd&P'ﬂaElf?q 8k napgo ngr!)l?%ﬂgd edk%nglréetsbidwvﬁuBgl{/.%lpe

generator 15 aroun e outer circunferentia
4 9 ihe sl sRiO8e I5UPRhY aBlHRE18n Wk 8ofP¥RENRTLE be

part of the outer circunferential
soldered (in the present embodiment, a semiconductor device
9) is transferred by a transfer unit 11 for a soldering object
which passes above the exhaust nozzle 4a.

Respective sectional views in the vicinity of the molten
solder exhaust-nozzle 4a of the solder supply pipe 4 and the
semiconductordevice 3 beingtransferred above themolten solder
exhaust-nozzle 4a are shown in FIG. 3.

At the semiconductor device 9, conductive terminals 13a
of a semiconductor chip 13 have been inserted beforehand in

through holes 12a provided in a board 12, and during a pass

above the molten solder exhaust-nozzle 4a of the solder supply

pipe 4, the conductive terminals 13a in the through holes 12a

are soldered onto unillustrated electric wiring on the board
12.

Although a coil 15a of a modulated electromagnetic wave
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portion of the nolten solder supply pipe 4 imersed in

the nolten solder bath 1, extending upward beyond the

liquid surface of the solder liquid of the nolten

sol der bath 1, and passing through the inside of a

short pipe (nolten sol der intrusion-preventing 10

pi pe) 16 structured to prevent the nolten sol der 3

fromintruding inside. In this case, since the coi

15a never directly makes contact with the nolten

sol der 3, deterioration of the coil 15a is mninmal.

I n addition, such a nethod nay be enpl oyed, as shown

in 15 FIG 4, winding a coil 15a of a nodul at ed
gerptezteonndymety davdigeqgdiyemwauod dFSoanduhbeamebtén solder

installing nenber 18 while covering a part of the
suppi erp e cunfldr At nareppreforibie the msl sbewsoligeFIG. 2,

supply Pe 4 imersed in the nolten sol der bath 1,
Wl%‘itaeﬁéhlgg Sa i rdTeey bated Il G tHANR WRtigcwage gererator

ol der, liquid of the 20 nolten solder bath 1, and

15 ESRH&étHIWgO%%r EdTCUPESErPEhEL MO On qfstbﬁ TiH& SeeHer
h 16 sSt. t t t t

sug@sa‘gip%r%wﬁﬁf%aoﬁ%"? ﬁé%%eof"rﬁrev s %géc%rg”Pwual

po 1;3_‘['6111 gk tth%zthgftgl?égl%%r %} Cyloﬁ%gl stene I?uteerggiten
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ot hers he construction shown in Fl facilitates

thaViRdiAg &f a short pipe (molten solder intrusion-preventing
pipe) 16 structured to prevent themolten solder 3 from intruding
inside. In this case, since the coil 15a never directly makes
contact with the molten solder 3, deterioration of the coil
15a is minimal.

In addition, such a method may be employed, as shown in
FIG. 4, winding a coil 15a of a modulated electromagnetic wave
generator 15 around a coil installing member 18 while covering
a part of the outer circumferential portion of the molten solder

supply pipe 4 immersed in the molten solder bath 1, extending

upward beyond the liquid surface of the solder liquid of the

molten solder bath 1, and connecting the coil inserting member

18 to the inside of a short pipe 16 structured to prevent the

molten solder 3 from intruding inside. In this case as well,

similar to the case as shown in FIG. 2, since the coil 15a never.
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coil 15a conpared to the construction shown in FIG 2,
and has a feature, in a case where the coil wound
part is incorporated in a nolten sol der device, for
readi ness of post processing. Furthernore, in the
exanple shown in Fig. 4, since the coil 10 installing
menber 18 is connected in a direction al nost
orthogonal to the longitudinal direction of the nolten
‘sol der supply pipe 4, electromagneti c waves can be
given by the coil 15a wound around the coi
installing nmenber 18, in a direction orthogonal to
the flow direction of the nolten solder inside 15 the
dipett iy redlegecostuppt wigihpehd modsem seddét 3 ,adeterioration
el ectromagnetic wave energy anount of a higher out put
of jthejiopdd edorahe hdlmigrimadol dBhe 01l gwsgfalling member 18
el ectromagneti c wave treatnments carried out by use of
1s prgepdiieied shBhistHC FPG2a BRtRT B lEugh ps agerHpigakerial
% FIG 5. First, a flux treatnent is carried out for
and @HheTE 12 to be soldered and in this flux treatnent

S hednehgopfrERttsER R ks {15 1 %gﬁéﬁf 3 a@gmn&ng .

ol oL EChetk el 1 LR PR RTRERER Sl tlromagn .8§gv%as

n t
R e R S e
in¥hlo1t@h 8beabrogBENEL | Cr VAR AL IQRISERYE bSst processing.

Furthermore, in the example shown in Fig. 4, since the coil

installing member 18 is connected in a direction almost

- .orthogonal to the longitudinal direction of the molten solder

supply pipe 4, electromagnetic waves can be given by the coil

15a wound around the coil installing member 18, in a direction
orthogonal to the flow direction of the molten solder inside
themoltensolder supplypipe4. Asaresult, anelectromagnetic
wave energy amount of a higher output is given to the moiten
solder.

A flow of electromagnetic wave treatments carried out
by use of the device shown in FIG. 2 or FIG. 4 is as shown in
FIG. 5.

First, a flux treatment is carried out for a board 12
to be soldered, and in this flux treatment step, an

electromagnetic wave treatment is applied to the flux liguid
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applied to the preheater space (el ectromagneti c wave
treatnment 3). In soldering onto the board 12 to be

carried out next as well, an electromagnetic wave
treatnment is carried out (electromagnetic wave
treatnment 4). At this tine as well, an 10

el ectromagnetic wave treatnent is applied to the
sol dering space (electromagnetic wave treatnment 5).
After soldering onto the board 12 ends, the sol dered
board 12 is cooled. In this cooling step as well, an
el ectromagnetic wave treatnent is desirably carried
out for the cooling space (el ectromagnetic wave 15
itsekiii pkatctbimaghehdoghviett teadesit Abloe darhateat tomdghdieic
- above-nentioned electromagnetic wave treatnments 1-6
wayg e tegatinedtoui s iapplsiechedosshihng, filuxnr deeatweathi space
t he objects of the present invention, to securely
(elegryrmrgnei @l @vconbaetientave 20 tNesdinent PEgheater
| east, in the preheater treatnent and in the
EreRR T ng® SR 9tk BFadf@rizhevidrsusreahadt podsdt b, and

o PO aLed ELEpt T SImael conmye L SalEnt 5 Slu e o
o P4 VL0, SEREELIELL 4S5 CRLLLEE koY, & IO AL e
5) LR YRR PAOL ool ph0 SRS OISR Wi e o
we1t3fr ,g\a”ta%:f]ttelécéﬂm%ﬁé%fé edraQlceCL FQRBABRL | G dV@¥8rried out
(electromagnetic wave treatment 4). At this time as well, an
electromagneticwave treatment is appliedtothe solderingspace
(electromagnetic wave treatment 5). After soldering onto the
board 12 ends, the soldered board 12 is cooled. Inthis cooling
step as well, an electromagnetic wave treatment is desirably
carried out for the cooling space (electromagnetic wave
treatment 6).

Although it is desirable that all of the above-mentioned
electromagnetic wave treatments 1-6 are carried out, it is
necessary, in order to achieve the objects of the present
invention, to securely carry out an electromagnetic wave
treatment, at least, in the preheater treatment and in the
soldering onto the board 12.

Various conditions for themodulated electromagnetic wave

treatments of the present embodiment were examined as follows.
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In order to exam ne various conditions for the
above-nenti oned nodul at ed el ectromagneti c wave
treatment, a nodul ated el ectromagneti c wave treat nent
was carried out by a test apparatus shown in FIG 6.
In FIG 6, a nolten material 10 3 of the follow ng
various types of solder materials was placed in a
sol der bath 17 onwhose side walls heaters 2 had been
provided, and a coil 15a for oscillating a variable
frequency froma nodul ated el ectromagnetic wave
generator 15 was wound around the outside of the
heaters 2. 15 (a) Various types of solder nmaterials
and Thleugo hdei n @ lexpeA) mMemdadwa s riaaimisnigosd| der aSobdierated
made from 63wt % Sn and 37wt % Pb (B) Lead-free sol der
elgchobmegndt i waver tababmentfr bm 2OnSitd, ScorParEdAg.o a
20 and 0.5wt % Cu A mixture of 20-30% rosin, a 1%or
leadseoni i seddeyct o athat dagageq abpiéacteareoipibity
the like) (b). Current value and frequency of nodul ated
ang| gk r bRy et iR L Rs S kdas MERAVIERS -Coi | current

(15 ae L (evq%or%bﬁ?%%)w%%ﬂ%’%@%% Peare (9
eIe%%rog%gg%tlgomaggaﬁiggt varlous conditions for the

above-mentioned modulated electromagnetic wave treatment, a
modulated electromagnetic wave treatment was carried out by
a test apparatus shown in FIG. 6. In FIG. 6, a molten material
3 of the following various types of solder materials was placed
inasolderbathl7onwhosesidewalls heaters 2 hadbeenprovided,
and a coil 15a for oscillating a variable frequency from a
modulated electromagnetic wave generator 15 was wound around
the outside of the heaters 2.
(a) Various types of solder materials and flux material

(A) Lead-containing solder

Solder made from 63wt% Sn and 37wt% Pb

{B) Lead-free solder

A solder flux material made from 96.5wt% Sn, 3wt% Ag,

and 0.5wt% Cu

A mixture of 20~30% rosin, a 1% or less amine-based
activator, and a sclvent (alcohol or the like)

(b) Current value and frequency of modulated electromagnetic
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to a nolten solder 3 inside the solder bath 17 in FIG
6 from the surroundings of the bath 17 within the
range of the above-described (b) coil current val ue
and frequency, thenolten solder 3 in the solder bath
17 was poured in a nold 18 as shown 10 in FIG 7 to
forman ingot. At this tinme, also in the mddle of
pouring the nolten solder 3 in the nold 18 as shown in
FIG 7, in sonme cases, a nodul ated el ectromagnetic
wave treatnment was carried out at the coil current
val ue and frequency of the above-described (b), and
in sone cases, the nodulated 15 el ectronagnetic wave
wave ehtegmenmas not carried out. (d) Cbservation of a
cut surface Next, after coolingthe ingot, thecut
sur fl@dewgd lpouirskad vafluer Suit-PAg({veneapdedshed
surface was checked with a m croscope, andnetal
gr ai (FodAgarc8sYaR@cPP8KEFE conditions were confirned.
20 Ffre,,the i ngot was cooled and solidif ied f rom
(c)3okdp¥inge toward its center portion in order, and
phot.am crogr.aphs sho in th follow ng.are a
o Pt gratd BEa AaHa RE e R e S rRos LN e hreptment
to'® 'lftle%a%l?gﬁegu 1:9 05:% e %?lgg}: ]Igé}tl f'&;iurl tFI%? .:Flefrom

test resu IS a test resu I'n a case ere, a

- -th%utgaggba%lﬁgngge%tfr ARINELLEG ‘Q@V%ilt%lﬁg-lf g’@}ﬁ‘% ?%?gt%ﬁgﬂ €fhe

est apparatus shown

abGPEVEe $18r RCId PBYl BB Q12 30l SEe ARY $hic@uenh), @¥molten

(B), the nodul ated el ectromagnetic
solder 3 in the solder bath 17 was poured in a mold 18 as shown

in FIG. 7 to form an ingot. At this time, also in the middle
of pouring the molten sclder 3 in the mold 18 as shown in FIG.
7, in some cases, a modulated electromagnetic wave treatment
was carried out at the coil current value and frequency of the
above~described (b), and in some cases, the modulated
electromagnetic wave treatment was not carried out.
(d) Observation of a cut surface

Next, after cooling the ingot, thecut surfacewas polished
aftercutting, thepolished surfacewas checkedwithamicroscope,
andmetal grainboundaries andcrystal conditionswere confirmed.

Here, the ingot was cooled and solidified fromits surface toward

its center portion in order, and photomicrographs shown in the

following are all photos of a part near the ingot surface shown

with a magnification of 100 times.
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wave treatnment was not carried out in the mddle of
pouring the sane in the nold 18 shown in FIG 7. At
this time, the coil current value was fixed at 0.3A,
and nodul ated magnetic waves included (a) no
treatnment, (b) 50-5, OOOHz, (c) 50-50CkHz, 10 and (d)
50- 20, 000Hz. Results of the above-nentioned (a)-(d)
are shown in FIG 8, FIG 9, FIG 10, and FIG 11
respectively. (3) Test result 2 This test result 2 is
a test result in a case where, after 15 a nodul ated
el ectromagneti c wave treatnent was carried out by the
test apparatus shown in Fig. 6 f or the

{2 pbDwst dessnlbed nolten solder materials (A and (B)
the nodul ated el ectromagnetic wave treatnent was
per Thigetiesn nesali ddiseadfesioyesndttin asomse whereheafter
nmold 18 shown in FIG 7. 20 At this tinme, the coi

- a nagdulated slastRanagnsEEc Hae tIRAtIEAY Wedflameed out by

el ect romagneti c waves incl uded ;a) 50-5,

theEesEaRRAT ahitE FReWBANIL DT bk acwet‘l‘iﬁﬂ%rhe(d r?lolten
soﬁ?s“'rﬁaiter%fés“i@ b%é%a”%”)%'. TENOHER TR
< IR dapg?ég"ghézﬁ?saggﬁéfS%oumg

th&‘ﬁé’aﬁnér%t{%‘trﬁolé lﬁ qua g' Flfa nY€T € REY e

carried out 1s as shown as nenlone
cofPQBrent value was fixed at 0.3A, and modulated magnetic

waves included (a) no treatment, (b) 50~5,000Hz, (¢) 50~-500kHz,
and (d) 50~20,000Hz.

Results of the above-mentioned (a)~(d) are shown in FIG.
8, FIG. 9, FIG. 10, and FIG. 11, respectively.
{(3) Test result 2

This test result 2 is a test result in a case where, after
a modulated electromagnetic wavé treatment was carried out by
the test apparatus shown inFiqg.6 for the above-described molten
solder materials (A) and (B), the modulated electromagnetic
wave treatment was performed in the middle of pouring the same
in the mold 18 shown in FIG. 7.

At this time, the coll current value was fixed at (.33,
and modulated electromagnetic waves included (a) 50~5,000Hz,
{b) 50~500kHz, and (c¢) 50~20,000Hz for the treatment. Results

of the above-mentioned (a)~(c) are shown in FIG. 12, FIG. 13,
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Furt hernore, a photom crograph of a polished ingot
surf ace in a case where the above-nentioned nolten
|'ead-containing solder material (A) was used and the
nodul at ed el ectromagnetic wave treatnments shown in
FIG 6 and FIG 7 were never carried 10 out is as
shown in FIG 15. As such, FIG 8-FIG 14 are results
.of cases where the |I|ead-free solder (B) of the (1)(b)
was used, and FIG 15 is a result of a case where the
| ead-contai ning solder (A of the (1)(a) was used. 15
(4) Consideration of test results | and 2 Based on the
above test results 1 and 2, it can be understood
and hBIG . cofparespect ivelphot oni crograph (FIG 8) of the
polished ingot surface in a case where the nodul ated
el edilr LR c @ Phekeniceporepho i apRd lisher imya awaface
., FIG 7 were never carried 20 out for the
10 hEPECTERRT R I RBAHAATPE RIS eoBRIRRY L Grined e Breapmynts
b rel atjvel unlforn1§ytect|cs were obtained i.n the h
S ‘B Jdf?nFcF’-"og aphd ]’EEI"G YEEPGRCYET SFTTHA (WY difefis shown
in fﬁ@ % aces. ses where the nodul at ed
electr n%%rfg?l?% %% THtnent 30 shovvn in FIG 6 was
car rt 1Y) [
ol Guitrlithord, dplfo ARt S AmELAPOPd ST eRba SRR So e
1ntQaéaséanQ§e QHQtQﬂﬁgéoﬁéﬂgbénéglﬁ%lé@n&%é%dlé%n@élnlng
t he polished ingot surfaces I n cases ere
so @&k hfed iahefh | ¢ARINSEH GnYRe modulated electromagnetic
wave treatments shown in FIG. 6 and FIG. 7 were never carried
out is as shown in FIG. 15.

As such, FIG. 8-FIG. 14 are results of cases where the
lead-free solder (B) of the (1)(b) was used, and FIG. 15 is
a result of a case where the lead-containing solder (A) of the
(l)(a) was used.

(4) Consideration of test results 1 and 2

Basedon the above test resultsland 2, it can be understood
that, compared to the photomicrograph (FIG. 8) of the polished
ingot surface in a case where the modulated electromagnetic
wave treatments shown in FIG. é and FIG. 7 were never carried
out for the above-mentioned molten lead-free solder material
(B), relatively uniform eutectics were obtained in the

photomicrographs (FIG. 9~-FIG. 11) of thepolished ingot surfaces

in cases where the modulated electromagnetic wave treatment
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~treatnments showmn in FIG 6 and FIG 7 were both
carried out for the above-nentioned nolten | ead-free
sol der material (B), further uniformeutectics were
obt ai ned conpared to the photom crographs (FIG
9-FIG 11) of the polished ingot surf aces 10 in cases
where only the nodul ated el ectronagneti c wave
treatment shown in FIG 6 was carried out. Since, in
t he photom crographs of FIG 12-FIG 14, unif orm
eutectics equivalent to or above those of the
phot om crograph (FIG 15) of a polished ingot surface
obtai ned fromthe 15 above-nenti oned | ead-contai ni ng
showh der FiEt &f wals ¢AYriediicoit has tlreaeboverwentionad yolten
wi dely used, were obtained, itbecanmeclear that, by
leadrfyeagsoldex eatmidlat @) €l ect ronagneti c wave
treatnents of the present enbodiment, even a |ead-free
sol d& eAELEiPEF chh AR M| asseastopsy éhat in the

.l ead-contai ni ng sol der 20 material having
Ph%%ﬁ%&ﬁ?%ﬁﬁﬁPW%p&Fé@roﬁzr§FG|t§ﬁﬁﬂ?%rﬁﬁﬁc@°lqﬁ?ed ingot

s fifTa Ll CHERE ROt T MRDBLFEh AR *Ylf%r?%’%%emﬁﬁwe
er&8iging TS S%%t 35" BEE 1 {oRRBRePPERuERbr o0 out
fof 15 BB0kpfieh O %?4°Slé%f n BBt I rRReR et -
fuf‘Eh@lCt uah rdem CRBC1URS Ofefel %tbt‘&q‘ﬁ%dd' @odﬁ(zﬁ’fecﬁmltb the
soldering device 1 5 shown in 1, conductive
phdtsRSc by tdhdeatd. $2rek. 18 of the polished ingot surfaces
incaseswhereonly themodulatedelectromagneticwave treatment
shown in FIG. 6 was carried out.

Since, in the photomicrographs of FIG. 12~FIG. 14, uniform
eutectics equivalent to or above those of the photomicrograph
(FIG. 15) of a polished ingot surface obtained from the
above-mentioned lead-containing solder material (A), which has
been conventionally widely used, were cbtained, it became clear
that, by carrying out the modulated electromagnetic wave
treatments of the present embodiment, even a lead-free solder
material can be a replacement for a lead-containing solder
material having an established reputation for its performance.

In addition, it was discovered that not only applying

amodulated electromagnetic wave treatment to the molten solder

inthesolderbathshowninFIG. 6butalsocarryingout amodulated
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sem conduct or device 9 and conductive term nals 13a of
the sem conductor chip 13 were soldered. FIG 16 is a
side sectional viewin a case where after termnals
13a of a sem conductor chip 13 were inserted into 10
t hrough hol es 12a provided in a board 12, conductive
wires on the board 12 and the term nals 13a of the
sem conductor chip 13 were optinally sol dered via the
t hrough holes 12a. Simlar to the conditions of the
above-nentioned test result 2, the coil current val ue
is fixed at 0.3A, and with 15 regard to the
nodul ati on frequency whose frequency tenporally
eletangesgnanid ajawd tresatmesnit in the B0d8180GEzpouttng the
50- 50CkHz, and 20 (d) 50-20,000Hz, a nodul at ed
mobt et s@iagmetn cthaveold e rafifteqtdis’eappl i ed to the
sem conduct or device_9 before sol dering,_a nodul ated
el edProRBgHeti efnapelirasimBntonas apprredievlte

mol ten solder 32 3 in the nolten so] der sugfl% pise_4,
and B¢ UPEheFndr 8etaVABBUAAPEEYPR| BRLF ofRbfet +19 vidvetce 1

ondf PSR! S 1o 00S, 00 SONULELOLoadRISE e
ser?%(’?’%%%lﬁ%ogﬁu gciseqztic(‘g1 | P gr% r%@r?c!lécé‘é\?e itneltnlqunabfsa rP3a of the
semiconductor chip 13 were soldered.

FIG. 16 is a side sectional view in a case where after
terminals 13a of a semiconductor chip 13 were inserted into
through holes 12a provided in a board 12, conductive wires on
the board 12 and the terminals 13a of the semiconductor chip
13 were optimally soldered via the through holes 12a.

Similar to the conditions of the above-mentioned test
result 2, the coil current value is fixed at 0.33, and with
regard to the modulation frequency whose frequency temporally
changes, on
(a) No treatment,

(b} 50~5,000Hz,
{c) 50-500kHz, and
(d) 50~20,000RHz,

a modulated electromagnetic wave treatment was applied to the

semiconductor device 9 before soldering, a modulated

electromagnetic wave treatment was applied to themolten solder
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12a in cases where no nodul ated el ectromagneti c wave
treatnent was applied with the above-nenti oned
conditions (a)-(d) and in cases where sol dering of
t he sem conductor device 9 was carried out while
appl yi ng a nodul ated el ectromagneti c wave 10 treat nent
are shown in FIG 17-Fig 22 as photom crographs with
a magni fication of 2 5 tines. The photom crographs of
FIG 17, FIG 18, FIG 20, and FIG 21 show cases
where, in the part surrounded by a dotted line (a) of
FIG 16, soldering was carried out in respective
conditions after a soldering treatnent was 15 treated
3 initthe ikt @tbev édar suppdyd igedli ahddsirtdpridre, amodulated
respectively, in order. Here, FIG 17-FIG 21 are
eleebrPmagret caveyeviegatngnt i1 ampliiasbtedihdesembeenduttor
(B) of the (1) (b) was used, and FIG 22 is aresultof
dewte’ et effkl | ead- cont ai ni ng sol dermaterial 20 (A)
of the gl) a) was .used. In addjtion, the
oSG SFUg: ATHLEHH IR G SISt COREOTgherazoya ¢ Hehe

soRSH R e i e dBed Bemeitresign noes
12§j}Féa%%§%Pi%§Hg6%p &h%%%%ﬁgyéc¥%ag%%$$%§%F&%%%f}%é?ment

above- condirtion(c
y i . is t
v LA E I AHeE oBRVECHERG  olfe EBRELoRH (RIGHIF and

infﬁéﬁﬁ%&ﬁﬁé&émﬁBdééﬁﬁhfl§§tﬁﬁﬁm§gﬁﬂééhdﬁﬁ%br5device 9 was
carried out while applying a modulated electromagnetic wave
treatment are shown in FIG. 17~-Fig 22 as photomicrographs with
a magnification of 25 times. The photomicrographs of FIG. 17,
FIG. 18, FIG. 20, and FIG. 21 show cases where, in the part
surrounded by a dotted line (a) of FIG. 16, solderingwas carried
out in respective conditions after a soldering treatment was
treated with the above-mentioned conditions (a)~(d),
respectively, in order.

Here, FIG. 17-FIG. 21 are results of cases where the
lead-free solder material {B) of the (1)(b) was used, and FIG.
22 isaresultof acasewhere the lead-containing soldermaterial
(&) of the (l)(a) was used. |

In addition, the photomicrograph of FIG. 19 shows a case

where, in the part surrounded by a dotted line (b) of Fig.lé,

soldering was carried out in respective conditions after a
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In FIG 17, a result of soldering on the
above-nentioned condition (a) w thout a nodul ated
el ectromagneti ¢ wave treatnent is shown, and it can
be understood that the solder has not sufficiently
intruded in the gap between the through 10 hole 12a of
the board 12 and term nal 13a of the sem conduct or
chip 13. In FIG 18, a result of soldering carried out
whi | e appl yi ng a nodul ated el ectromagneti c wave
treatnment with the above-nentioned condition (b) is
shown, wherein the solder has 15 sufficiently
intruded in the gap between the through hole 12a of
solderbogr dré2tasdtt evas naredBad ofvithe tdeni sbodercdescribed
chip 13, indicating that soldering has been
00@@4t3¢@¢@¢r|Iynedﬁtte@noEEG A2 OWS & lv@ searhase sphderin
In FIG 19, a result of soldering of a part of the
wag Gk oupoby P Lt Hae s]élﬂdr(ﬂﬂﬂkﬁléﬂfkﬂw ppldsrcerteetpl
out at a position ( (b) in FIG 16) with relatively
(A} eW W We| SPRYYLDY efd POARLEHS0f e%ﬁ%%‘é‘ﬁ?%%h%t o"r’ave
tr device 9 while applying a nodul ated el ectronmagnetic
TeRVE Y eat ment for the above-mentioned 34 condition

(c) F&dFe?jao% th Euigetot}:'esé?ii%glrfl ros’n f];]lo}%n%n_tzrégmfloned

i nt in %e ween oug
12 fat
cold 08 e kil | BECSERLEROAMELDY o

trétmdie e MRst , Sahhsi et N e understood that the solder
has not sufficiently intruded in the gap between the through

hole 12a of the board 12 and terminal 13a of the semiconductor

~chip 13.

InFIG. 18, aresultof solderingcarriedoutwhile applying
a modulated electromagnetic wave treatment with the
above-mentioned condition (b) is shown, wherein the sclder has
sufficiently intruded in the gap between the through hole 12a
of the board 12 and terminal 13a of the semiconductor chip 13,
indicating that soldering has been satisfactorily carried out
even in the narrow space.

InFIG. 19, aresult of soldering of a part of the terminals
_13a of the semiconductor chip 13 carried out at a position ((b)
in FIG. 16) with relatively few obstacles in an end portion
of the semiconductor device 9 while applying a modulated

electromagnetic wave treatment for the above-mentioned
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thal, SRIGRT ifigh hge b

5 condition in the present enbodinent. In FIG 20, a
result of soldering of a part of the termnal 13a of
the sem conductor chip 13 carried out at a position
with relatively many obstacles in a central portion
of the sem conductor device 9 wth the
above-nentioned condition (c) 10 is shown, wherein the
sol der has sufficiently intruded in the gap between
the through hole 12a of the board 12 and term nal 13a
of the sem conductor chip 13 to an extent
approximately the sanme as in FIG 19, indicating that
sol dering has been carried out in a satisfactory
condidion ofn) 15 IshownG wherednr ¢bel sodflesohderswif iciently
carried out while applyin a nodul at ed
ingreded gimagnet dep vieateragediheeshrepoh hobe 12a of the board
above-nentioned condition (d) is shown, wherein the
12 gndidenmdaalndtasef rike aamifandudieed chirt hd. gh‘bdlcatlng
bet ween the through hole  12a of the board 12 apd
%@ns%ﬂﬁb‘ﬁﬁ&‘%%r“‘cﬁlhﬁ mopt 122t HfEF Oy

I f | d d b f h
coffieb TR S p IR RSB Lol ohy i1
duyl Lth.th .
TS, ShechLANSDS EoBuFL SR TRt DG BRinen

12§ e g BRI P 5,80 i
rel&ENapl 1B3ayof obbeasesi conflugt ofefbiP1 130rtion of the
semiconductor device 9 with the above-mentioned condition (c¢)
is shown, wherein the solder has sufficiently intruded in the
gap between the through hole 12a of the board 12 and terminal
13a of the semiconductor chip 13 to an extent approximately
thesameas inFIG. 19, indicatingthat solderinghasbeencarried
out in a satisfactory condition.

InFIG. 21, aresultof solderingcarriedoutwhileapplying
a modulated electromagnetic wave treatment with the
above-mentioned condition (d) is shown, wherein the solder has
not sufficiently intruded in the gap between the through hole
12a of the board 12 and terminal 13a of the semiconductor chip
13.

In FIG. 22, a result of soldering carried out by use of
the lead-containing solder material (A) without applying a

modulated electromagnetic wave treatment with the
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5 1n addition, although this is unillustrated, a
so-cal l ed "solder run" occurs if the el ectronmagnetic
wave intensity is too strong. Accordingly, it becane
clear that, by appropriately selecting the conditions
for a nodul ated el ectromagneti c wave 10 treatnent of
the present enbodi nent, sol dering excellent in
wettability can be carried out by use of the l|ead-free
solder material (B) . Mreover, it was discovered
that, according to the nethod of the present
enbodi nent, satisfactory soldering is possible even
in conparison with a case where the 15
abpeadrenhicned cgredaltden (d) ési shoyny) whesedsedhe solder has
Enbodi ment 2 The present enbodinent is, simlar to
noEmydiimmntly antrpdadt ypaehsogaprberyeet Hde thinguohikole
is an enbodi ment wherein 20 sol dering while carrying .
123 af 5hpotrazd dd erdcieohmetidé Qhvda semigerdurgor chip
_.carried out by use of a lead-free solder material.
13(1) Modul at ed el ectromagneti c wave treatnent I n order

abodd: TR ot “SAOLERCERCT A6t OISt £ o & S0-called
u L o l,ect ti . .
=L B0 R GhESa P bty TR MRS, A henghbs

todsH &g b (a) Various types of solder materials and
0élux material 5 (A) Sol der nmade from 96. 5w % Sn,

3. Ope%hingn¢, 0.1 M Saldhe clear that, by appropriately
selecting the conditions for a modulated electromagnetic wave
treatment of the present embodiment, soldering excellent in
wettability can be carried out by use of the lead-free solder
material (B). Moreover, it was discovered that, according to
the method of the present embodiment, satisfactory soldering
is possible even in comparison with a case where the

lead-containing solder material (A) was used.

Embodiment 2

The present embodiment is, similar to Embodiment 1, a
flow-type soldering method, and this is an embodiment wherein
soldering while carrying out a modulated electromagnetic wave
treatment is carried out by use of a lead-free solder material.
(1) Modulated electromagnetic wave treatment

In order to examine the wvarious conditions for the
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"(B) Solder made from 97. OM % Sn, 2.5wt % Ag, and
0.5W% Cu (C) Solder nade from 97. 5w % Sn, 2. Oa % Ag,
and 0.5wt% Cu (D) Solder made from 98. Oam % Sn, 1.5wt %
Ag, and 0.5Wm % Cu Flux material 10 A mi xture of
20-30% rosin, a 1%or |ess am ne-based activator, and
a solvent (al cohol or the like) (b) Current val ue and
frequency of nodul ated el ectronagnetic wave treatnent
(A) Coil current value 0.1-5A (variable) 15 (B)
Modul at ed Frequency 20Hz-1MHz (c) Sol dering A
30x30mm si zed test piece 23 by providing vertically 6
x horizontally 6, a total of 36 circular copper foils
abgte whent ioneld mosiudatefl Shantoromaqlasid vaghaateaens. , the
shown in the plan 20 view of FIG 23(a) was prepared,
modipta e d ke teenagngiorq iwave drepiqendppes ferried oaut by
0. 8mm t hrough hole 25 (enlarged plan view of FIG
thotegt apRRLYresy Phom dn Z?:T(q(:y-) Y6 was provided. After
appl yi ng a nodul ated el ectromagneti c wave treat nent 37
r%g%‘?fgs

(a} SEYRORICE MRRIOAT Mt oialeT ARd H WX mRtSraad
| Dad 5 T 8 5B oG L e B co
| RILBEe R £00E SRIIAZREEy ! Pl 5, BBy co
‘2@&? : %‘%@é‘ﬁ hdfd TS 99.80L9€8, 26, (dfrough B8keo. swis cu

(D) Solder made from 98.0wt% Sn, 1.5wt% Ag, and 0.5wt% Cu

Flux material

A mixture of 20~30% rosin, a 1% or less amine-based
activator, and a solvent (alcohol or the like)

(b} Current value and frequency of modulated electromagnetic

wave treatment

(A) Coil current value 0.1-5A (variable)
(B) Modulated Frequency Z20Hz-~1MHz
{c) Soldering
A 30x30mm-sized test piece 23 by providing vertically

6 x horizontally 6, a total of 36 circular copper foils 21 with

a diameter of 3mm on a plastic sheet 20 as shown in the plan

view of FIG. 23(a) was prepared, and at each center portion

of the copper foil 21, a 0.8mm-through hole 25 (enlarged plan
view of FIG. 23(b), side view of FIG. 23(c)) was provided.

Afterapplyingan@dulatedelectromagneticwavetreatment
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onto the upper surface of the test piece 23 through
the through hole 25 was observed, whereby wettability
of the Sn-Ag-Cu-based nolten solder was confirned.
(2) Test result 1 10 Simlar to actual soldering
steps, a conparison was carried out between the cases
where a nodul ated el ectromagnetic wave treatnent of
the solder liquid and flux liquid and a nodul ated
el ectromagneti c wave treatnment in a flux treatnent
step, a preheater step, and a solder treatnent step
were carried 15 out and cases where no nodul at ed
el ectronmagneti ¢ wave treatnment was carried out. In
fremdihe osyrfamdmdnidfudahee sofldar hgtbodfenth Fa6id ©ob the
t he Sn- Ag- Cu- based sol der, the through hole effect of
molpen sgllder 3416 vhe batd 1 hwddgdidnhbhe r2hasf of rdet ggregoing
iece 23 was observed 20 as shown in FIG 23(b) and
(b -Emllz@eéy enyyalygnded e qusnsyght heGibeyanmiest irage test
. been_ wetted and have ri sen was _cal cul ated anon

PLSES {1 U SHCRP o wiikes Gies MG CBnBRAGER Jabfed 12 Sente
o L AL S A0, QN o oLt o 6oL LRTBROR S, U811
onizgg't%:ezug:pgr Ss%yfga%%océ)§Gche test piece 23 through the through
hole 25 was observed, whereby wettability of the Sn-Ag-Cu-based
molten solder was confirmed.

{2) Test result 1

Similar to actual soldering steps, a comparison was
carried out between the cases where amodulated electromagnetic
wave treatment of the solder ligqguid and flux liquid and a
modulated electromagnetic wave treatment in a flux treatment
step, a preheater step, and a solder treatment step were carried
out and cases where no modulated electromagnetic wave treatment
was carried out.

In addition, for an influence of an Ag content ratio of
the Sn-Ag-Cu-based solder, the through hole effect of the solder
26 via the through hole 25 of the test piece 23 was observed
as shown in FIG. 23(b) ané FIG. 23(c). The number of through
holes which have been wetted and have risen was calculated among
the 36 through holes 25.

Results are shown in Table 1.
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97.5:2.0:0.511/3629/36 98.0:1.5:0.58/ 3620/ 36 As can be
seen fromTable 1, (A It was confirnmed that an effect
was provided in an inprovenent in through hole
wetting and ris ing by a nodul ated el ectromagnetic 5
wave treatnment. (B) It was discovered that even with a
97.5%%n- 2. 0%Ag- 0. 5%Cu all oy, a through hole effect
was obtained to an extent the sane as a
3. 0%Ag- cont ai ni ng all oy when a nodul at ed
el ectromagnetic wave treatnent was not applied. 10
(3) Test result 2 (nounting test) By use of the sane
test piece 23 as in the above-nentioned test 1,
[Tsbleleting of a 96. 5%Bn- 3. 0%Ag- 0. 5%Cu al | oy by use of

the soldering deVice shown in FIG 4|was cHodutdtedt

by Bheagapgve-nenti ongs {dd4bnet ect iomByaet rémuguesic
At this tinme, 15]a conparison was canri gghwute RejWwesH

the cases wiere nmodutated —_efrectronagnetit_wave

t PEabrBrf:Bf5t he |sol der 1Zi84diéd and fllux |iqdfd3and a

modui ated elrectrgmagnetic wave treatnent in a_flux
[ $20P&21P:8095t reat ment sEF36a preheater step?’/dRd a

Solder_Treat ment (Step Was cartied olt and cases where
n87mpddt 9t Bd®el eqt r omagndtli’é® wave t1eat ment 2

fﬁéi‘.lgfegeg'l{l c)?| n grder to é?gé)gnl ze the di TT658988 In

As can be seen from Table 1,

(A) Itwasconfirmed that aneffectwas provided in an improvement
inthroughholewettingandrisingbyamodulatedelectromagnetic
wave treatment.

(B) It was discovered that even with a 97.5%Sn-2.0%Ag-0.5%Cu
alloy, a through hole effect was obtained to an extent the same
as a 3.0%Ag-containing alloy when a modulated electromagnetic
wave treatment was not applied.

(3) Test result 2 (mounting test)

By use of the same test piece 23 as in the above-mentioned
test 1, soldering of a 96.5%Sn-3.0%Ag-0.5%Cu alloy by use of
the soldering device shown in FIG. 4 was carried out by the
above-mentioned (1) (b) electromagnetic waves. At this time,
a comparison was carried out between the cases where a modulated
electromagnetic wave treatment of the solder liquid and flux

liqguid and a modulated electromagnetic wave treatment in a flux
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5 inprovenent in the through hole wetting and rising
bet ween the nodul ated el ectronagneti c wave treat nent
and no treatnment, the sizes of the solder dianeter
and flux diameter were neasured by slide calipers.
Results are shown in Table 2. [Table 2] Flux dianeter
Test Sol der dianeter(nm (mm) No. MeanCV (% MeanCV (%
No. 10.644.51.2019.5 No treatnment No. 20.588.11.336.8
Modul at edNo. 30. 885.43.003.3 i el ectromagnet ¢ wave
treat ment No. 40.902.03.0710.6 10 The following is
recogni zed fromthe results of Table 2. (A) The
sol der dianeter and flux dianmeter were both increased
tréeateampangiegn byptékestectsmmgaeti @ awdent teabhmrht step
This is considered to be a result of an inprovenent in
wag Fatwiadooagghntiotasestwlese inoymodndathd ¢heéCtremagpdtic
a synergetic
wave treatment was carried out.

In order to recognize the difference in the effect of
improvement in the through hole wetting and rising between the
modulated electromagnetic wave treatment and no treatment, the
sizes of the solder diameter and flux diameter were measured

by slide calipers. Results are shown in Table 2.

[Table 2]
. Flux diameter
Test Solderdiameter (mm) (mm)
No. Mean CV (%) Mean CV (%)
No. 1 0.64 4.5 1.20 19.5
No treatment |\ o.2| o0.58 8.1 1.33 6.8
Modulated No. 3 0.88 5.4 3.00 3.3
electromagnetic
wave treatment } No. 4 0.90 2.0 3.07 10.6

The following is recognized from the results of Table
2.
(A) The solder diameter and flux diameter were both increased
in expansion by the electromagnetic wave treatment.

This is considered to be a result of an improvement in
the through hole wettability, and the influence of a synergetic

effect on an improvement in the flux adhesion and wettability
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effect on an inprovenent in the flux adhesion and
wettability 40 is also considered to be great. (B)

From CV(% = standard devi ati on/ nean x 100, as well, it
can be understood that an unevenness dependi ng on the
el ectromagnetic process is small, an stable

i nprovenent in the 5 through hole wettability is
recogni zed. A through hole effect as a result of the
wettability inprovenent was al so recognized in an
Tinmprovenent in the soldering stability. In addition,
in a process where soldering is being carried out by
circulating a soldering liquid of 96. Oam %5n, 3.5wm %Ag,
islolandc@nSidestd biyo use gfedthe sol dering device shown
in FIG 4, dross (an inpurity (oxidize), etc.
(B |Fgmm ﬁg(&m twmnédevseltd@n)’megnpx ddfoeds oretlhe it can
surface of the nolten solder 3 in the sol dering

_bed%ﬂﬁ%¥§%&9@fﬁﬂﬁﬁlﬁpFﬂqﬁvgﬂpesﬁu@?Rﬁﬂﬁﬂ§Wtéﬁldﬁﬁ% an

obstruction such as a, bridge during sol dering.
agllecft‘ﬁ‘ Sirabet +IBP3€\%‘(/%‘“ent in the

t t.he, present inventi s. carrjed.ou
thlf%‘ec?fe ﬁ%ﬂgow’%?amﬁml S eiaR St der PghieuTk GolR s ect
F ar shown n FlG 25

s ﬁ?%e&n faf°5§ F PR Shondli iR 215 fpcatiaea
' Y er current
lnz%ﬁ T%e as S O\i{mﬁitnh%:%élt%é&ﬁ E’Oecdar 0SS tggnpl etely

di sappefifdion ) InY PREcL9s FBRLY A fleal 9@%&% @arrled

wave treatment' to a to-be-treated fluid which f
out b5 deraulbbiflgfd @wilBeking 1liquid of 96.0wt%Sn, 3. 5wt%Ag,

and 0.5wt%Cu by use of the soldering device shown in FIG. 4,

dross (an impurity (oxidize), etc., floating on the molten

solder) is produced on the surface of the molten solder 3 in
the soldering device as shown in FIG. 24. This dross can cause
an obstruction such as a bridge during soldering.

However, when a modulated electromagnetic wave treatment
of the present invention was carried out for the solder liquid
in the soldering device shown in FIG. 4, the dross disappeared
as shown in FIG. 25 (current value 0.3A) and FIG. 26 (current
value 0.6A). Particularly, in the case of a higher current
value as shown in FIG. 26, the dross completely disappeared.

In order to apply an electromagnetic wave treatment to
a to-be-treated fluid which flows inside a fluid flow path

including the molten solder supply pipe 4 shown in FIG. 1, a
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i ncluding the nolten sol der supply pipe 4 shown in

FIG 1, a 41 conductive electric wire (coil) is wound

around the fluid flow path or the like, and coi

wi ndi ng net hod therefor includes the follow ng

met hods: A. A nethod of wnding a coil around a fluid

path 5 B. A nethod of separately connecting a short

pipe to a fluid path and winding, in the short pipe,

a coil directly onto the fluid path (supply pipe 4 of

FIG 2) C A nethod of winding a coil onto a coil

installing menber (coil installing nenber 18 of FIG

4) connected to a fluid flow 10 path provided in a
corsthortiye pdekearia witedooid Jdeyiwomridoacanny tdig fanid flow

el ectromagneti c wave treatnent by the above-nenti oned
patietdrod-h Bkeor a@d icpilt wendodgl meeHod| eberehoynedludes

wave treatnments 1-6 shown in the flowof FIG 5, the
therfrblpBing @thodgfective. This is because 15 these

net hods are_sinple as treatnent nethods, and for an
A. ihdnrgwrdttbririnling sader iakpuslia & Lud s psddquent

ossible, In additjon,

B. i Mo g e CRBRFFLRLY CHEITOELEY S STOTGWRIPR FPd Beid
pady A Bl §orE ST Skt e, 20 A iR G eo ne
ul it L YL RIS gl prpe ) of e
c. LGS dd NL@INPa coil onto a coil installing member
(coil installing member 18 of FIG. 4) connected to a fluid flow
path provided in a short pipe

For a soldering device to carry out an electromagnetic
wave treatment by the above-mentioned method A, B, or C, in
the modulated electromagnetic wave treatments 1-6 shown in the
flow of FIG. 5, themethod Bor C is effective. This is because
these methods are simple as treatment methods, and for an
incorporation into a soldering device, a subsequent fitting
is possible.

In addition, for the short pipe in the above-mentioned
method €, as shown in FIG. 27, a method of connecting, to the
fluid flow path, a pad portion provided on a connecting portion
to a fluid flow path (molten solder supply pipe 4) of the short
pipe 16 by spot welding (FIG. 27(a)) or a method of tightening

and fixing a pad portion of the short pipe 16 to the fluid flow
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and fixing a pad portion of the short pipe 16 to the
fluid flow 42 path (supply pipe 4) by a band 17 (FIG
27(b)) exist. As methods for winding the electric wire

(coil) 15a onto the coil installing nmenber 18 or the
like, a single wnding nethod wherein a coil 15a is
sinply wound onto a coil installing 5 nenber 18 in
order as in FIG 2 8 and a | ap wi ndi ng net hod wherein
after a coil is wound inside, further thereon a coi
is wund as in FIG 29 can be nentioned. As such, by
providing a coil portion having a coil 15a wound by

single winding or a double or nore Iap wi nding on the
patihi { supslwalpipy herdyera Indan ef(HIGct2 74 )i)s epxiewi.ded
in that the intensity of generated el ectromagnetic
wavés nethods dagewiniangddie iedectimcawted d ashidrlelbheonto
coil installing menber 18 is connected double to the
the |epdl finshaddiimg meapegdjifc omt theahhke, assipgle winding
30(a) , a,mﬁndin% net hod wherein, after single 15 )
meWhodivhg T8RP BRE1CIA 1 LY HgURE PEC A goidhngptling
5a | § . successivel d onto, the.other coil .
mei3gt 4B E B BIET & e Pl 95 VARPT By A LhRg whpTein,
f15a mﬁndang net hods in the cagg m?@re t WQ coL& . nd
et s Pa PP A e BEIS 118 15Pe AHf 588R T THhéLF8T 8 Y
fd uidfl insE 3 ( A Lkn F :
as ohegy' 98 O b hegondn.” f5 dllen, By BRBVIdiflq p Rot
poZ€L&n MY WA 8911 M WGl By0E i 8 B0 1GRR R or a double
menti1oned. In this case, the generated
or foget 1 HFRdneting ¥Rves 6801 e e i mambbdel g,2B8 e ffect

and an ef f ect

is provided in that the intensity of generated electromagnetic
waves 1s increased.

In addition, in a case where the coil installing member
18 is connected double to the fluid flow path in an adjacent
manner, as in FIG. 30(a), a winding method wherein, after single
winding onto one coil installing member 18, the coil 15a is
successively wound onto the other coil installing member 18
is generally employed. As coil 15awinding methods in the case
where two coil installing members 18 are adjacently connected
to the fluid flow path as in FIG. 30(a), as shown in FIG. 30(b)
and FIG. 30(c), winding in a figure of zero and winding in a
figure of eight can be mentioned. 1In this case, the generated

electromagnetic waves can be given in awide range, and an effect

to increase the intensity exists.

43




10

15

20

to increase the intensity exists. 43 Enbodinent 3 In
the present enbodi nent, a ref |ow sol dering nethod
will be described. 5 1n FIG 31, a side schematic
diagram (FIG 31(a)) and a plan schematic di agram
(FIG 31(b)),of a reflow soldering device are shown.
In a soldering device case (unillustrated) provided
with an entrance and an exit through which a
sol dering object 30 10 with a cream sol der applied
and its trans f er unit (unillustrated) pass, a coi
portion 31 around which a conductive wire (coil) to
generate nodul ated el ectromagneti c waves of the
present invention has been wound exists at a position
surrounding a transfer passage of the sol dering

Emlgbd wegnt303 and its transfer 15 unit. The sol dering
object 30 and its transfer unit are transferred in
spada hg psgRERY %@Dwﬁtﬁﬁ /| a geftlicyns Gide nhrg Iﬂeﬁhpﬁéﬂlll
case, the coil portion 31 is heated fron1|ts out si de

bekﬁP?ﬁ%&Qﬁ% 32. Moreover, in the case air

et B rbr ehe goﬁaé{;’:%g %%%*éﬂ‘?r géanrtegfﬂéuéﬁe b and
; %ﬁ%usé‘%é%% B3RS STRBF e R feifh gbraering

unlfled and the flux is activated in
deJ e pfﬂ% %g%§zone SI, and soldering is

In a soldering device case (unillustrated) provided with
an entrance and an exit through which a soldering object 30
withacreamsolder appliedanditstransferunit (unillustrated)
pass, a coil portion 31 around which a conductive wire (coil)
to generate modulated electromagnetic waves of the present
invention has been wound exists at a position surrounding a
transfer passage of the soldering object 30 and its transfer

unit. The soldering object 30 and its transfer unit are

transferred in a space surrounded by the coil portion 31, and

in the case, the coil portion 31 is heated from its outside
by heaters 32. Moreover, in the case, air is circulating and
outside air hardly intrudes.

Heating of the soldering object 30 is carried out at two
stages, and a preheater zone Sl and a solder melting zone S2
are heated, wherein the heating temperature is unified and the

flux is activated in the preheater zone S1, and soldering is
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44 carried out in the solder nelting zone S2.

Subsequently, the soldered soldering object is cooled

in a cooling zone S3. In all of the above-nentioned

three zones Sl -S3, the soldering object 30 shifts in

a region surrounded by the coil 5 portion 31 to

generate el ectronmagneti c waves, and the sol deri ng

obj ect 30 and sol der material receive an

el ectromagneti c wave treatnent fromthe coil portion

31. In addition, while confirmng by an

el ectronmagneti c wave nonitoring apparatus

(unillustrated) that the effective 10 el ectromagnetic
cavaved inttensi te resicles meltangezone tdie. oSdéseqoeéntly, the

approxi mately 500mm fromthe coil end portion, a coi
solWienkdgolistinombiecthel £ gidolwyt tirore Todlsingi geosed3 .

at a position close to a soldering part of the

sol dar pAd eBj &ée 9®0§§-Wﬁ§hla§eéo§grﬁﬁe?Onﬁﬁ a#d$3i omne

it 1s necessary to adjust the coil spacing so that 15 ,
solqRr B 0BG éﬁ %&1?%?3%1@%??6h9§h%4¥%9%%ﬂ&9 by the coil

eneration does  not prevent heat to the sqlderi .

poPb{ Gt 1150 FERRTEHE SHEREEPEAo99 Ar S RAY A IerO i L0

| ower, .posi,t | of the.coil portion 31. As a .
ob 1T S B ODREH 95 e A e TeTebTF Bhih Bt s ighaongpic vave

' |t [ (.ng hetween two adj acent coils
eredbfgll c%r.‘iﬁ‘“g%*?%%%f’f?‘% ov\‘% SRS 35t was

confrhy Aeeh £ {14, SBGYE En £ Priffs ﬁo?ga}? QLRRE MAgne¥ c wave

adj acent coils at 30-70mm noinflfuence was gi'ven to
mod Do f AP ARl L ¥ Of id B 1lustrated) that the effective
electromagnetic wave intensity reaches a range on the order
of approximately 500mm from the coil end portion, acoil winding
position of the coil portion 31 is disposed at a position close
toasolderingpart of thesolderingobject 30 asmuchas possible.
In addition, it is necessary to adjust the coil spacing so that
the coil portion 31 for electromagnetic wave generation does
not prevent heat to the soldering object 30 from the heaters
32 provided at upper and lower positions of the coil portion
31.

As a relationship between the electromagnetic wave
intensity and coil spacing between two adjacent coils in the
cbilporthm1isshowninETG.33,:H:wasconfirmedthatsecuring
a spacing between the two adjacent coils at 30~70mm, no influence

was given to the temperature profile.
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45 In addition, by attaching a tenperature sensor to
the respective sections of the sol der object and
actually carrying out a reflow treatnment as set,
heating could be carried out at a tenperature
condition (solid line) alnpbst simlar to a 5
tenperature condition (dotted line) set as shown in
FIG 32. (1) Mdul ated el ectromagnetic wave treat nent
The intensity of el ectromagneti c waves generated from
the coil portion 31 is alnost proportional to the coi
current value. Since the follow ng harnful effect may
occur for an 10 effect of an inprovenent in the sol der
wet tTabialddiy iloy ,aby ekeaethanmggaetempeaneutre eseneot ,totthe
IS necessary to nmake the electromagnetic wave

respeentve semyglonsr ¢ htthe Bakdelr o jdee dod acth@id yi pa @G ng
33, if the electronmagnetic wave intensity was too

outj @hrefmw sresddiany: ¢fs ©ied /s beadingnreuldsbe heapbied out
i ncreases, and the sol der overflows froma copper

at p%r‘%emW%Wlf% eonhtdan (PO Li6 diiss )oplPRatpBaTgLI2ENEC 2

reads to Hre plaztl such a _case, tpr 19,

CePeret RaGRIG | d%&??flfﬂ@') | $5bret i in

‘1ﬁ§?%$ﬁ?£+€‘£z‘g"?é‘e‘§*‘e’%?réaa‘3rﬁ% i n%]e“ a‘(‘ﬁl?a}& 96.5.3.0: 0.5
O s e TR R Wil o

tth‘OlLlT ortg.g)l ﬁ‘ﬁ%egiméfﬂ 'ﬂﬁ‘o@?ﬂtf ro%%liegsytl{g coRrdubaf £oht

l'ectr magnet iC
value. Since the following harmful effect may occur for an

effect of an improvement in the solder wettability by an

~electromagnetic wave treatment, it is necessary to make the

electromagnetic wave intensity appropriate.

Based on the data shown in FIG. 33, if the electromagnetic
wave intensity was too high, the spreading of the solder onto
the board increases, and the solder overflows from a copper
part, which is a conductive portion of the board, and spreads
to the plastic sheet. 1In such a case, the electromagnetic wave
output is lowered to an appropriate value.

(2) Solder material and flux material

As a cream solder, Sn:Ag:Cu=96.5:3.0:0.5 (wt%) is used,
which is PF305-207SHO (trade name) containing a paste
manufactured by NIHON HANDA CO.,LTD..

(3) Current value and frequency of modulated electromagnetic
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46 wave treatnment (A) Coil current value: Although the

current value is variable between 0. 1-5A in the

present enbodi nent, the value was fixed to an opti nal

val ue of 2A for a problem (excessive 5 spreading) in a

case where the el ectromagnetic waves were too strong.

(B) Modul ation frequency: 20Hz-1MHz (4) Test result

By use of the follow ng three copper test pieces (A Q

, 10 a solder spread test (test 1) and a strength

test (test 2) were carried out with the follow ng

sol der tenperatures and el ectromagnetic waves. Plate

A: 150mm x 150mm x thickness Imm Plate B: 50nm x 50nm
wawettrekesst 0. 3nmm 15 Plate C 10mm x 10mm x t hi ckness

| mrm Sol der tenperature: 2350C, 2400C (a) Test |

(spri@ad Coddt FugmpnAsvehoen Ahthosglietheeonovrert yaBae is

(a) and a plan view of FIG 34 (b) hol es of ~4mm
vagphablahatueesn Pedpldi iVeltjieopepaent mq‘iiltm@éltpl &be wmlue

and this plate B . was placed on the plate A, A total
wagff ek 8 é‘Pe?PBlWéFeV%]r‘é%éﬂf ot tfive @I BEebRem( E?X%ﬁ%%ve

o SERAYLIF, 3 sream sqlder 1o Lhe plates B Irom Lhell oo,

stroég

(B) Modulation frequency: 20Hz~1MHz
(4) Test result

By use of the following three copper test pieces (A~C),
a solder spread test (test 1) and a strength test (test 2) were
carried out with the following solder temperatures and
electromagnetic waves.

Plate A: 150mm x 150mm x thickness 1lmm
Plate B: 50mm x 50mm x thickness 0.3mm
Plate C: 10mm x 10mm x thickness lmm
Solder temperature: 235°C, 240°C

{a) Test 1 (spread test)

(A) As shown in a side view of FIG. 34(a) and a plan view
of FIG. 34(b), holes of ¢4mm and ¢3mm were respectively opened
in the plate B, and this plate B was placed on the plate A.
A total of nine plates B were placed on the plate A.

{B) After applying a cream solder to the plates B from

their upside, by removing the plates B as shown in FIG. 34(c),
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47 the sol der which had intruded in the holes resulted
in a condition where a | arge nunber of spots 33a and
33b were left on the plate A (C A ref |ow treatnent
was carried out by the device shown 5 in FIG 31
sol der spreading conditions on the plate A was
conpared between the nodul ated el ectromagneti c wave
treatment and no treatnent by use of slide calipers.
Dat a about dianmeters of spots placed on the plate A
through the ~4mm and $3mm hol es of the plates B at
235C is showmn 10 in Table 3 and Table 4. In addition,
data about di aneters of spots placed on the plate A

thé boddgh whtiehdmd 1 atdudSdninm tha ksleofeshbtpd Anesc@rdition
240C is shown in Table 5 and Table 6. [Table 3] 44mm

wh@B5E@ Madge: avedeTest griceceBBatarshfibmatedefommhdei plate
wave treatnment 14.25 mb. 10 mm 24. 904. 90 34. 904. 95

A. 44, 155.10 54.904. 98 Mean4. 625. 01

(C) Areflow treatment was carried out by the device shown
in FIG. 31, solder spreading conditions on the plate A was
compared between the modulated electromagnetic wave treatment
and no treatment by use of slide calipers.

Data about diameters of spots placed on the plate A through
the ¢4mm- and ¢3mm- holes of the plates B at 235°C is shown
in Table 3 and Table 4. 1In addition, data about diameters of
spots placed on the plate A through the ¢4mm- and ¢3mm- holes

of the plates B at 240°C is shown in Table 5 and Table 6.

[Table 3]
¢4dmm 235°C
Modulated
Test piece No treatment electromagnetic
wave treatment
1 4.25 mm 5.10 mm
2 4.90 4.90
3 4.90 4.95
4 4.15 5.10
3 4.90 4.98
Mean 4.62 5.01
[Table 4]
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15 [Tabl e 4] 48 Mdul ated Test pieceNo
treatment el ectromagneti c wave treatnment 13.20 mmB. 45
nm 23. 403. 34 33.403. 40 43.153. 42 53. 353. 40

‘Mean3. 283. 40 [ Tabl e 5] Modul ated Test pieceNo
treatnentel ectromagneti c wave treatnent 15. 00 nmb. 40
nm 25. 055. 40 34. 905. 42 45.025. 41 54. 955. 43

Mean4. 985. 41 [Table 6] 5 $3nm 240C Test piece

$3mm 235°C
Modulated
Test piece No treatment electromagnetic
wave treatment
1 3.20 mm 3.45 mm
2 3.40 3.34
3 3.40 3.40
4 3.15 3.42
5 3.35 3.40
Mean 3.28 3.40
[Table 5]
¢4mm 240°C
Modulated
Test piece No treatment electromagnetic
wave treatment
1 5.00 mm 5.40 mm
2 5.05 5.40
3 4.90 5.42
4 5.02 5.41
> 4.95 5.43
Mean 4.98 5.41
[Table 6]
5 ¢3mm 240°C
Modulated
Test piece No treatment electromagnetic
wave treatment

49



10

15

43mm 235C 4nm 240C No treatnent Mdul at ed

el ectromagnetic wave treatnent 49 13.81 mi. 12 mm

23.804.12 33.794.10 43.804.12 53.784.10 Mean3. 804. 11

As shown in the above-nentioned Table 3-Table 6, by

carrying out a nodul ated el ectromagnetic wave
treatnment at the above-described conditions, an

i mprovenent in "solder spreadability" was recogni zed

conpared to cases with no 5 el ectromagnetic wave

treatment. (b) Test 2 (solder strength test) (A A

hol e of 4l nm was opened in the plate B, and this

plate B was placed on the_plaie A (B) Aft p I ng
a cream sol der tq the élgﬁeng‘fron1 10 its ubg , the

plate was renovled, then.the sol der [was | ef on the
Dl ate > 88, AP

3 3.79 4.10
4 3.80 4.12
5 3.78 4.10
Mean 3.80 4.11

As shown in the above-mentioned Table 3~Table 6, by
carrying out a modulated electromagnetic wave treatment at the
above-described conditions, an improvement in “solder
spreadability” was recognized compared to cases with no
electromagnetic wave treatment.

(b) Test 2 (solder strength test)

(A) A hole of ¢lmm was opened in the plate B, and this
plate B was placed on the plate A.

(B) After applying a cream solder to the plate B from
its upside, the plate B was removed, then the solder was left
on the plate A,

(C) A reflow treatment was carried out by the device shown
in FIG. 31 at a temperature of 240°C for the plate A, and at
this time, a reflow treatment where a modulated magnetic wave
treatment was not carried out (no treatment) and a reflow

treatment where a modulated electromagnetic wave treatment was
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(C Aref lowtreatnment was carried out by the device

shown in FIG 31 at a tenperature of 240C for the

plate A, and at this tinme, a ref |low treatnment where

a nodul ated magnetic wave 15 treatnent was not carried

out (no treatnment) and a reflow treatnent where a

nodul at ed el ectromagneti c wave treatnent was 50

carried out was carried out. (D) The plate C was

over| apped in a solder nolten condition. (E) As shown

in FIG 35, the plate A was fixed to a base, the

plate C was drawn by a | oad neasuring nmachi ne 36,

whereby 5 a tensile strength of the sol der joint
cayoi¢d coonB5Svamscaraisad et . Wth regard to the sol der

area in a solder joint portion 35 between the plat A

and (pl) dthe 1€} atenC wag\oreidsppeably iver degrmet g erpyorghi tion.

adj ust ment of a pressing nethod when the plate C was

pl adE&d. As Rdwin $naF EC sHownthe wlate A wag fipggd do7p base,

Modul at ed el ectromagnetj cwave No treatnent, treatnment
thesdalcfétrergnyﬁﬁ BAHe PYeAst PRd IRRAR Y G Fes st Fendripreby

ate%%glestrengﬂ1ofthesolderjointporthm135wasneasured.

With regard to the solder area in a solder joint portion
35 between the plat A and plate C, an unevenness was given hereto
by an adjustment of a pressingmethod when theplate Cwas placed.

Results are shown in FIG. 7.

[Table 7]
No treatment Modulatedelectromagneticwave
treatment
Solder Tensile Solder Tensile
Load Load

area K strength area X strength
mm? g kg /mm’ m? g kg /mm?
5.0 11.5 2.30 3.2 7.7 2.40
22.5 17.4 0.77 i5.5 22.0 1.42
3.0 3.0 1.00 3.0 4.8 1.60
3.0 3.2 0.93 4.5 7.0 1.55
Mean i.25 Mean 1.74

As can be understood from Table 7, an increase in the
tensile strength of the solder joint portion 35 between the
ﬁlate A and plate C by the modulated electromagnetic wave
treatment was recognized. This is considered to be a result

wherein miniaturization of solder eutectics was enhanced by

51




10

15

20

kgstrength 2222 mmkg/ mmmmkg/ mm 5. 011. 52. 303. 27. 72. 40
22.517.40. 7715.522. 01. 42 3. 03. 01. 003. 04. 81. 60
3.03.20.934.57.01. 55 Meanl. 25Meanl. 74 As can be
understood from Table 7, an increase in the tensile
strength of the solder joint portion 35 between the
plate A and plate C by the nodul ated el ectromagnetic
wave treatnent was recogni zed. This is considered to
be a result 15 wherein mniaturization of sol der
eutectics was enhanced by 51 the nodul at ed
el ectromagneti c wave treatnent. Enbodi nent 4 An
experiment to confirman effect of a nodulated 5

the| medu Do a4 1 ec tvonta dricsaiidTerdvd ritrigaimesal.deri ng
(robot soldering) was carried out as follows. As
shown in the plan view of FIG 36(a) and partial side
view of FIG 36(b), a synthetic resin plate 37 has

Embodtwent v terninal parts (copper patterns) 38 at its
top and bottom On 10 the copper patterns 38, |ead
Wi r &t ef¥ReninemoatanFBoLi g aN- edififictal 5t A gredinkpted
~1lmm t hread-|i ke sol der 26 were pl aced,

electromagnetic wave treatment 1n iron soldering (robot
soldering) was carried out as follows.

As shown in the plan view of FIG. 36(a) and partial side
view of FIG. 36(b), a synthetic resin plate 37 has conductive
terminal parts (copper patterns) 38 at its top and bottom. On

the copper patterns 38, lead wire terminals 39a and 39b of

Y-terminal strips and a ¢$1lmm thread-like solder 26 were placed,

and soldering was carried out by a soldering iron 42 between

the lead wire terminals 39a and 39b and copper patterns 38.
(1) Modulated electromagnetic wave treatment
Sincethesolderingiron42wasprovidedwithacoil portion
43 towhich an electric wire had been wound, the extent of solder
spreading and wettability were observed in a case where a
modulated electromagnetic wave treatment was carried out and
in a case where the same was not carried out (no treatment)

with application of a modulated alternating current while

soldering was carried out between the lead wire terminals 39a

and 39b and copper patterns 38 with heating of the soldering

iron 42.
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and sol dering was carried out by a soldering iron 42

between the lead wire termnals 39a and 39b and

copper patterns 38. (1) Mdul ated el ectronmagnetic

wave treatnment 15 Since the soldering iron 42 was

provided with a coil portion 43 to which an electric

w re had been wound, the extent of sol der spreading

and wettability were observed in a case where a

nodul at ed el ectromagneti c wave treatnent was carried

out and in a case where the sanme was not carried out

(no treatnent) 20 with application of a nodul ated

alternating current while soldering was carried out
(apedoidr tiket dreiedl varice filardrinestleri?@a and 39b and

copper patterns 38 with heating of the soldering iron

42. A5@o1d@r 8d] 8erAguler Inl= 82d 5:BuR : fabeki vt A tot Heding

of Sn:Ag:Cu:ln = 92.5:3.0:0.5:4. OM % i ncl udi n an RVA
an RMopiepyronytonbromll ansksrassn e prproramsibe lavg 2 h | flux

(b) Current value and frequency of nodulated )
(b b|CepmeptayAdircand LR/EIeTGACTRPIRARt ARt HbRGR GRRFHETIC

current value 0.1-5A (variable) is available, since
WAk RN Epreadi ng occurs when el ectromagnetic waves

R e R R R T
avé%ﬂégﬁe,gélnce excessive spreading occurs when
electromagnetic waves are too high, the value was set to an
optimal value of 1A.

(B) Modulation frequency 20Hz~1MHz
(c) Soldering

(A) Board: One glass epoxy resin board 37 with a size
of 132mm x 70.1mm x thickness 1.5mm
Ten conductive terminal parts (copper patterns) 38 of 4mm x
7.6mm are disposed on the board 37, and are soldered with a
¢lmm thread-like solder 26.

(B) Lead terminals: Y-shaped terminals 39a and 39%9b plated
with tin (Sn) and nickel (Ni)

(C) Soldering iron used: manufactured by Hakko
Corporation, trade name; Bonkote, model; SR-1032

(D) Electric power: 100V AC-18W

(E) Soldering condition: temperature; 210°C, time; 4 sec

(2) Test 1 (spread)
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(A) Board: One gl ass epoxy resin board 37 with a size
of 132mm x 70. 1mm x t hi ckness 1.5mm Ten conducti ve
term nal parts (copper patterns) 38 of 4mmx 15 7.6nmm
are di sposed on the board 37, and are soldered with a
4l mMm thread-1i ke sol der 26. (B) Lead term nals:
Y-shaped term nals 39a and 39b plated wth tin (Sn)
and nickel (Ni) (C Soldering iron used: manufactured
by Hakko 20 Corporation, trade nane; Bonkote, nodel;
SR-1032 (D) Electric power: 100V AC- 18W (E) Sol dering
condition: tenperature; 210C, tine; 4 sec (2) Test 1
(spread) 53 Sol dering between the copper patterns 38
and sbaéddringebetecan nths Rfpeanpad3Hernas 36aeandeteaditwire
by a soldering iron 42 in a case where a nodul at ed
tewmhind I ridgn etidc 3%bveas reat mesd omvels bycar shédeoving ahon ri2
a case where a nodul ated el ectromagnetic 5 treatnent
in wasagetwhene paepdutaliat eﬂe@hm@ﬁgyletaﬂ avretegpeRentgras
sol der spreading was confirned. j.udgi ng net hod,
carried | ¥ Aofin fe CIGPI¥RCEP B/ I&%%%@te%a@ R R AL C
shown in FIG 37 was determ ned by a visua

5 treRNAASOROtaRATALPASHT G0 (REAEERt]y ABf the extent

of ps?éiééronsspfesacfhnogvmwasl%an 1E%belde. 8. [Table 8)

As a judging method, a ratio (%) of the solder area/copper
pattern 38 area shown in FIG. 37 was determined by a visual
confirmation, and a result of the mean of ten positions is shown

10 in Table 8.

[Table 8]
{10 positions each, mean)
Modulated
Test piece (board) No treatment electromagnetic
wave treatment
1 65 % - 100 %
2 70 o8
3 73 100
4 70 100
5 75 160
Mean 71 100

According to Table 8, “wettability” was improved by a
modulated electromagnetic wave treatment, thus soldering of

15 almost theentire regionof the copper patterns became possible.
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nodul at ed Test piece (board)No
treatnent el ectromagneti c wave treatnent 165 %400 %
27098 373100 470100 575100 Mean71100 According to
Table 8, "wettability" was inproved by a nodulated
el ectromagneti c wave treatnment, thus soldering of 15
al most the entire region of the copper patterns becane
possi bl e. (10 positions each, mean) 54 Enbodi nent 5
For the nodul ated el ectromagnetic wave treatnent in
the respective enbodinments, in addition to the
irradiation of 5 electromagnetic waves fromthe
standing coil portion, it is possible to provide an
ef fect upon soldering by use of electronmagnetic waves
irradiated froma portable nodul ated electromagnetic
EmbvalEnareines at i ng device as shown in FIG 38. FIG 38 is
a method for carrying out soldering while 10 )
or i Eotri biye modwl atsidiediengrompepetdrrerys direagment in the
longi tudinal direction (X-axis direction) of a stick
respepicivacenbedimenies, in addition to the "irradiation of
electromagnetic waves from the standing coil portion, it is
possible to provide an effect upon soldering by use of
electromagnetic waves irradiated from a portable modulated
electromagnetic wave generating device as shown in FIG. 38.
FIG. 38 is a method for carrying out soldering while
orienting, in a soldering object direction, a longitudinal
direction (X-axis direction) of a stick member 46, from the
electromagnetic wave generator 15, around which an electric
wire (coil) 45 to conduct an alternating current whose frequency
temporally changes in a band of 20Hz-1MHz has been wound.
This is because, an electromagnetic wave intensity in
the X¥-axis direction and an electromagnetic wave intensity in
the Y-axis direction orthogonal to the X-axis direction in FIG.
38 are shown in FIG. 39(a) and FIG. 39(b) respectively, the
intensity in the X-axis direction is stronger than the intensity
in the Y-axis direction as is apparent from this FIG. 39.
Therefore, for the modulated electromagnetic wave

treatment from the standing coil portion in the respective

embodiments, in addition to the irradiation of electromagnetic
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el ectromagneti ¢ wave generator 15, around which an
electric wre (coil) 45 to conduct an alternating
current whose frequency tenporally changes in a band
of 20Hz-1MHz has been wound. 15 This is because, an
el ectromagnetic wave intensity in the X-axis
direction and an el ectromagneti c wave intensity in
the Y-axis direction orthogonal to the X-axis
direction in FIG 38 are shown in FIG 39(a) and FI G
39(b) respectively, the intensity in the X-axis
direction is stronger than the intensity 20 in the
Y-axis direction as is apparent fromthis FIG 39.
waveerfam ehd etankd nodoliat edrelient relmgtetnagmelviec waves
treatnment fromthe standing coil portion in the
can be pece eff e cnibediineld oy ient addithedongh tusinal direction
irradi ati on of electromagnetic 55 waves fromthe )
(X-samislidigecdiibnport tbe, stel de meokagntd prowadaeghignfhpecoll
made effective while orienting the_| ongi_tudina
45 jppdeengrrundkt aged dgriastnads of “Ehevaqlderidmher ” ynt low
around which the coil 45 has been wound to sol dering
soldg¥ngf” -FNDw FAYSAIAFETLIGef | ow 5 sol dering,” and
“irqn saldering.,, In this case, sinm/lar to the_.
el edfr oﬁh’g‘ch ef:iagewa\%lmr ﬁ?léngf)t veF o SAFELERBAIEE S the WaVE
._coil.current_ val th f [ n f _aneff :
:Lnte %%thf'%%aﬁ%%.l %ngl to 1?’1% c%?. eé/ugliri‘ Cat %%rfr%%f %‘13‘12 @ffé)ct,tlve

waves Trom 6 ‘around

ra%@%ggéﬂg%ﬁﬁﬁgoﬁélg%§r GERINWRY R, A)e30r B £ RASRS N nertler

range. ustri al plYicability
46 around which the coil 45 has been wound also increases in

its range.
Industrial Applicability

According to the present invention, by carrying out a
modulated electromagnetic wave treatment of the present
invention before, after, or during soldering of not only the
lead-containing solder material but also the lead-free solder
materialontoasolderobject, wettabilityof the soldermaterial
is remarkably improved, and intensity, etc., of the obtained
soldered object is improved compared to those of a solder
material without a modulated electromagnetic wave treatment.
Therefore, the present invention is environmentally friendly,
and can exhibit soldering performance eguivalent to that of
the conventional highly-evaluated lead-containing solder

material, and is applicable to soldered objects of every field
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According to the present invention, by carrying out a
modul at ed el ectromagneti c wave treatnent of the
present invention before, after, or during soldering
of not only the 15 | ead-contai ning solder material but
also the lead-free solder material onto a sol der
object, wettability of the solder material is
“remarkably inproved, and intensity, etc., of the
obtai ned sol dered object is inproved conpared to
those of a solder material w thout a nodul ated
el ectromagnetic wave treatnent. 20 Therefore, the
present invention is environnmentally friendly, and
su€ana € xdi tdd i ts A akard s ¢ f evdntiraarte tequidesdierds ,t @tichat
of the conventional highly-eval uated | ead-containing
solder material, and is applicable to sol dered
obj ects of every field 56 such as circuit boards of
sem conduct or devices, etc. 57 WHAT IS CLAIMED | S; 1.
A sol dering method in which, out of soldering steps
of (a) during soldering, (b) before soldering, and (c)
after soldering, in at least the steps of (a) during
soldering and 5 (b) before soldering, an alternating
current whose frequency tenporally changes in a band
of 20Hz-1MHz is applied to at least any of (d) a
solder material, (e) a soldering object, and (f) a
peri pheral portion thereof, and a nodul at ed
el ectromagnetic wave treatnent is carried out by use
of an el ectronmagnetic field
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10 i nduced by the alternating current. 2. The
sol dering nmethod according to Claim1, wherein the
nodul at ed el ectromagnetic wave treatnent in the
sol dering steps of (a) during soldering, (b) before
sol dering, and (c) after soldering includes at |east
any el ectromagnetic wave 15 treatnent of an
el ectronmagneti ¢ wave treatnment (el ectronagnetic wave
treatment 1) to a flux liquid itself in a flux
treatnment step, an el ectromagnetic wave treat nent
(el ectromagnetic wave treatnent 2) to a flux treatnent
space, an electromagnetic wave treat nent
WHAE| EStecrRB@E®EiIL; wave 20 treatnment 3) to a preheater
space in a preheater treatnent which is carried out
for la Al sxldechhgdnsidharimghdlghgcoutant soldering steps
el ectromagneti ¢ wave treatnment (el ectromagnetic wave
of t(adadwering 4plderingd Obl kRfdny sedldgmdingg, aad (c) after
el ectromagneti c wave 58 treatnentagelectronagnetig
sol@e®eing edtimatt 1spstothe stters iafy (adpdesingngosdering and
el ectromagneti ¢ wave treatnment (el ectromagnetic. wave

(b} heforenEo6Yerang  ca8bl 3 HE SRIdd Y FUKTESS PRGSSt BT eHrncY
oS IR ASS SE e SURETANE 3 ool o ot Loast
ar AP TH"T TR TR i, htyPna (o
o RUIERAT OB ehn ilcedt, ! SHUOL IR0 B fromamecic
watS +PEALRENL s £ r Bed RhAOSY 86l dORN IRR tHRRIRPY L ic field
induced by the alternating current.

2. The soldering method according to Claim 1, wherein
the modulated electromagnetic wave treatment in the soldering
steps of (a) during soldering, (b) before soldering, and (cC)
after soldering includes at least any electromagnetic wave
treatment of an electromagnetic wave treatment
(electromagnetic wave treatment 1) to a flux liquid itself in
a flux treatment step, an electromagnetic wave treatment

(electromagnetic wave treatment 2) to a flux treatment space,

an electromagnetic wave treatment (electromagnetic wave

treatment 3) to a preheater space in a preheater treatment which

is carried out for a flux-~treated soldering object, an
electromagneticwave treatment (electromagneticwave treatment

4) carried out during soldering, an electromagnetic wave
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10 soldering is carried out by holding a soldering

iron to a soldering object with a solder nmateri al

applied, (d) a laser type or (e) an induction heating

type. 4. The sol dering nmethod according to Claim1,

wherein the solder material is a | ead-free sol der

material or a 15 lead-containing material. 5. The

sol dering nethod according to Claiml1, wherein the

| ead-free solder material is a solder alloy of an

Sn- Ag-Cu base, an Sn-Ag base, an Sn-Ag-Bi base, an

Sn- Ag-1n base, an Sn-Cu base, an Sn-Zn base, an Sn-Bi

base, an Sn-1n base, Sn-Sb 20 base, an. Sn-Bi-In base,
trédtien Znt Bl e asshafietdit Wavdg+Ceatmentase. £6. a Theldering

sol dering nethod according to Claim1, wherein the
sphead-dndeen sdledarr oraigaeitdlc hase & realttentc pabesttoroagnetic
which 59 is reduced in Ag content (% by weight) of a
wage| derataiérdy €Jf toaadeos¥bng 331084g-1n 50€0oBasg sktep for a
sol der alloy of a 96.0%n-3.5%Ag-0.5%u base to a
solder bnafolo] &9k tf ta1o\ae B LTH - whi ch uses the reduced
amount of Ag_as an increasing ampunt 5 of an Sn A
contBenflhe7 sO¥derdpodeetRgdndtrsddabeokai hiat® b arhrEein
wherein _in additiqon to the nngulated Iec&%ona etic
SOYARRIRY et e FL; degapaev*?hgosiso atd) &y f P?e‘ggereby a
ongi tudinal direction of a_ stick nmember .proyid
nol PR SRS Mo SdoRBLEr SR aT ¢ RELrRgRe ObTEEe, (b)
a reflow type whereby a soldering object with a cream solder
material applied is heated, or (¢) a soldering iron type whereby
soldering is carried out by holding a soldering iron to a
soldering object with a solder material applied, (d) a laser
type or (e) an induction heating type.

4. The soldering method according to Claim 1, wherein
the solder material is a lead-free solder material or a
lead-containing material.

5. The soldering method according to Claim 1, wherein
the lead-free solder material is a solder alloy of an Sn-Ag-Cu
base, an Sn-Ag base, an Sn-Ag-Bi base, an Sn-Ag-In base, an
Sn-Cu base, an Sn-Zn base, an Sn-Bi base, an Sn-In base, Sn-Sb
base, an Sn-Bi-In base, an Sn-Zn-Bi base, or an Sn-Ag-Cu-Sb
base.

6. The soldering method according to Claim 1, wherein

the lead-free solder material has a solder composition which
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10 current whose frequency tenporally changes in a
band of 20Hz-IMHz is oriented in the direction of the
sol dering object. 8. The sol dering nmethod according to
Caim1, wherein sinultaneously with the nodul at ed
el ectromagneti ¢ wave treatnent, another
el ectromagneti c wave treatnent including 15 an
infrared and/or far-infrared treatnment is used in a
step before or after soldering. 9. A soldering device
conprising: a solder material applying portion for
applying a solder nmaterial to a soldering object; 20
a sol dering object and/or a solder material for

is spédlecédgin Gig idomteeitdgri by @kjiebt,) afdhosodder alloy of
coil-wound coil portion provided in the vicinity of

a t9e. Sdmed. (vl HyCumndaae eloact monmaghdeicc adley of a
generator which applies an 60 alternating current

96 whbSe-3 1 2therty5 ¥anpasal £y & haiges oifnd ad% dam@beive 0% and
20Hz-I MHz to an electric wire of the coil portion. 10.

whickareks ity dadusedacaouditn@tt ICREI ANALNGReR8I AT apount
addition to the coil portion, provided is a stick

of n@be? CHeto- which a coil which conducts an

B4 R SEEHER S o
oo (PR LTS B R e gty @geatment,
sofﬁg}fﬁgQﬁfg Qqudt8ugj@ﬁfiéAaWH§&ﬁkﬁdlnal dlrectlon of a
stick member provided with a coil which conducts an alternating
current whose frequency temporally changes inabandof 20Hz-1MH2
is oriented in the direction of the soldering object.

8. The soldering method according to Claim 1, wherein
simultaneously with the modulated electromagnetic wave
treatment, another electromagnetic wave treatment including
an infrared and/or far-infrared treatment is used in a step
before or after soldering.

9. A soldering device comprising:

a solder material applying portion for applying a solder
material to a soldering object;

a soldering object and/or a solder material for soldering
of the soldering object, and/or a coil-wound coil portion
provided in the vicinity of the solder material, and

an electromagnetic wave generator which applies an
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10 the solder material applying portion is conposed of
a nolten solder storing nolten sol der bath attached
with a preheating device and/or a flux treatnent
device and a nolten solder supply pipe with an
exhaust nozzle to spout the nolten sol dertowardthe
sol dering object, disposed in the nolten solder 15
bath, the coil portion is provided in the vicinity of
the nmolten solder bath and/or in the nolten sol der
supply pipe. 12. A soldering device according to C aim
11, wherein the coil portion provided in the vicinity
of the nolten 20 solder bath is provided, in the
al et 2 s | drrdisd Wwhowed ddieq@ehlcy pesbeatilhyg dRsnges in a
and/or flux treatnment device, in the vicinity of the
basd| aderl tig-obfictt@mit el eatsiide vanoY arf dutesicdd 1 glortthen.
nol ten sol der bath before being soldered and/or after
61 Bi-ng sollderédg €8vipesstderdhpggdbei €baitwchr dvigredn
Caim1l, wherein the nolten sol der supply pipe
di spasahiitiarneo whleteai kppabion p R viisleg by p gdd ok nemker
nol t en _sol der_ i ntrusi on-preventing pipe. 5 connecte
ot Wi CHUREFO pe it SPRBBFERGRN PSR 1219 CERESE b Hhose

RGP e SRt RSP SO APHE phSeer
o S5 USRS 10RO AL e
thdNE Al ion of the soldering object.

11. A soldering device according to Claim M, wherein

the solder material applying portion is composed of a
molten solder storing molten solder bath attached with a
preheating device and/or a flux treatment device and a molten
solder supply pipe with an exhaust nozzle to spout the molten
solder towardthe solderingobject, disposedinthemoltensolder
bath,

the coil portion is provided in the vicinity of the molten
solder bath and/or in the molten solder supply pipe.

12. A soldering device according to Claim 11, wherein

the coil portion provided in the vicinity of the molten
solder bath is provided, in the molten solder bath including
the preheating device and/or flux treatment device, in the
vicinity of the soldering object on the inside and/or outside

of the molten solder bath before being soldered and/or after
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10 the coil portion is constructed by wi nding, onto a
coil installing nenber connected to the nolten sol der
i ntrusion-preventing pipe through the inside of the
nolten sol der intrusion-preventing pipe, a coi
i ntroduced onto this «coil installing nenber through
the inside of the nolten solder 15
i ntrusion-preventing pipe. 15. A soldering device
according to Caim14, wherein a |ongitudina
direction of the coil installing nmenber is connected,
i nside the nolten sol der intrusion-preventing pipe,
to in the direction orthogonal to a |ongitudina

beihd esdiddre®0 of the nolten sol der supply pipe. 16. A

sol dering device according to Caim 14, wherein the
coi 13pr avedédersnhg Haeicei bccostlahyi g Gkatrerl hasvherein
been wound around the coil installing menber by single
wi ndhegnbx cr solbddt eupp lypripel disndsall hythemolien solder
sol dering device according to Caim 14, wherein the
batgoiib Huestislad wgthemekt e splaer déd rGiisine pReVieng 1ng pipe
paral |l el arrangenent in a |ongitudinal direction of
CORNRCHRA tieh 3P BHERF RRIRANBPTH D @O HP b G TEvdge 306 |
installing nmenbers,. a coil is nd.in a figure of .
sor 606rSF AL PG 6 ORI HiLC LAY Bas BHE Erpd GoFPLL 1nto
installin nbers. 18. The | der.i. i ce cor di
tng BOLPSIAAISHEr b Y PERE Vet BT AR ot Pe TS e
iné%&é&éﬁELQ&Jéhé&JJfﬂEﬁéﬂénd winding the same.
14. A soldering device according to Claim 13, wherein
the coil portion is constructed by winding, onto a coil
installing member connected to the molten solder
intrusion-preventing pipe through the inside of the molten
solder intrusion-preventing pipe, a coil introduced onto this
coil installing member through the inside of the molten solder
intrusion-preventing pipe.
15. A soldering device according to Claim 14, wherein
a longitudinal direction of the coil installing member
is connected, inside the molten solder intrusion-preventing
pipe, to in thedirectionorthogonal to a longitudinal direction
of the molten solder supply pipe.
16. A soldering device according to Claim 14, wherein

the coil provided onto the coil installing member has

been wound around the coil installing member by single winding
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10 neans for transferring a sol der object provided by

applying a cream solder to a sol der object from an

upstream side to a downstream side, aheatingneans

forheati ngt he sol deri ngobj ect being transferred by

the transfer neans, and a cooling nmeans, and 15 the

coil portion is provided with a coil wound around the

transfer nmeans for transferring the sol der object. 19.

The sol dering device according to claim18, wherein

the coil portion is constructed by arranging a coil in

a direction orthogonal to a trans ferring direction of

a soldering 20 object transferred by the transferring
or NRAMSLANS stoBvs I4p witidiound the sol dering object. 20.

The sol dering device according to Caim18, wherein

t he 1Teali sgldeansgi devdaoposedonfiingpteh@haimgl porvhernein

63 provided on an upstreamside in the transferring

di r ébel owidf insteltldiags membery ifeaowinted dayinle with a

heating portion provided on a downstream side
paxablebRrrangemeatctvl Honachrdinal gigecgden oh the molten

downst ream si de of the real heating_portio 5 21. The

soLdRHFYPRI WRIRSY #¢hrAtRy thESE GPALOLNGHRT iR RHEPEES,
so] der applyjng portion is _provided with a,solderLng.
& G3h YOMEHI ithG GOS8 Qér PRGOS TheRng hERTTOF Sight
contact with or. bei e proximate to a sol dering
actRPREIG 10 0ot dat® SRR bRt &
18. The soldering device according to Claim A, wherein

the solder applying portion is provided with a transfer

means for transferring a solder object provided by applying

.a cream solder to a solder object from an upstream side to a

downstreamside, aheatingmeans for heatingthe solderingobject
being transferred by the transfer means, and a cooling means,
and

the coil portion is provided with a coil wound around
the transfer means for transferring the solder object.

19. The soldering device according to Claim 18, wherein

the coil portion is constructed by arranging a coil in
adirectionorthogonal toatransferringdirectionof asoldering

object transferred by the transferring means and so as to

- surround the soldering obiject.

20. The soldering device according to Claim 18, wherein

the heating means is composed of a preheating portion
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10 the coil portion is constructed by w nding a coi
around a part of the soldering iron. 22. A nethod for
manuf acturing sol dered articles, wherein the
sol dering nethod according to Caim1 is incorporated
i n manufacturing steps. 15 23. The nethod for
manufacturing a soldered article according to Caim
22, wherein the soldered article is electronic
/el ectrical equipnent which requires sol dering
i ncluding a sem conductor device. 24. A soldered
article obtained by the soldering nethod 20 according
to daim1l. 25. The soldered article according to

pré&y bded 2 anhepetreanh w6 &olidet ke tardrisflerrisigeiéceconon of
/el ectrical equipnent which requires sol dering

the notardifieg rd rsemeensdad Gr mdéwi beat tg @ rtAomephodified on
manufacturing a soldered article including the

a dwineriean ddvdiecthareof di agdtthedlciahifg pRanshes nerdobded
for manufacturing a soldered article according to

‘on (& oWt regereide D Hhe grerk dParEIROLtEOMa pri nt ed

circuit board for) electronic /elﬁctricaaaiﬁugpnent
r

i nclPddi AGeaSebAPELRY e BICe RRAYE g to € wherein

the solder applying portion is provided with a soldering
iron for carrying out soldering by being made to contact with
or being made proximate to a soldering object with a solder
applied, and

the coil portion is constructed by winding a coil around
a part of the soldering iron.

22. Amethod for manufacturing soldered articles, wherein

the soldering method according to Claim 1 is incorporated
in manufacturing steps.

23. The method for manufacturing a soldered article
according to Claim 22, wherein

the soldered article is electronic/electrical equipment
which requires soldering including a semiconductor device.

24. A soldered article obtained by the soldering method
according to Claim 1.

25. The soldered article according to Claim 24, wherein

the soldered article is electronic/electrical equipment

which requires soldering including a semiconductor device.
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26. A method for manufacturing a soldered article
including the soldering device according to Claim A.

27. The method for manufacturing a soldered article
according to Claim 26, wherein

the soldered article is (a printed circuit board for)
electronic/electrical equipment including a semiconductor

device,
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