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6 Decenber 2006 DESCRI PTI ON SCLDERI NG METHOD AND

DEVICE 5 Technical Field The present invention

relates to a sol dering nethod and device usi fgPegember 2006

| ead-free solder or a | ead-containing solder, and in

particular, a nethod and device for soldering while

treating a solder with nodul ated el ectromagnetic

waves. 10 Background Art Wth regard to

| ead- cont ai ni ng sol ders such as an Sn-Pb eutectic

sol der, etc., having excellent, various types of

performance, since funes and gases generated during

sol dering 15 work cause contam nation of the sol dering

wor kspace environnent __and_an_adverse health effect to

the operator and it iSPREEEELAPY to make toxic:

substances nontoxic when printed circuit boards,

etc., using | ead-containing solders are di sposed of,
sorPrEdnd g%@y£kp§m&p&%§ﬁkﬁg devi ces have tended to be

enpl oyed in place of these | ead-containing

sol ders. For soldering using a | ead-free sol der,

eutectic solders of Sin-Ag bases (Sn-3-5%Ag-0.5-3%Cu
Tedh@ases), FPBi1QuU bases (Sn-0. 7% u-1. 2%Ag bases), etc.,

are regarded as promising in 6 Decenber 2006 a flow

pr. ories preartht ihventebhovepsoeesse aSRoAGASREmeSAodNand

bases,” Sn-Ag-1n base, Sn-Bi bases, etc., and in a
deviimeuabing a lead-free solder or a lead-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, e.tc.-; 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,

- etec., using lead-containing solders are disposed of, more
-lead-free soldering devices have tended to be employed in place

- of these lead-containing solders.

For soldering using a lead-free Solder', eutectic solders

of -'Sn-Ag bases (Sn-3~5%Ag~-0.5~3%Cu bases), Sn-Cu bases

-{5n-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 Techrfdiesggpber 2006
pp. 2-14, Kogyo Chosakai Publishing Co., Ltd.
publ i shed March 1, 2003). Disclosure 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%6n- 3. 0%Ag-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 Tkt ghidddss, 15 130 oAGe@ RApeGRAdesCAY Beses, Sn-zn

considered in which Ag has been added to iI'ncrease an
bagrs CuSebgtisobdee,i rsnvalil athddd y. ecHoyewes W th hBRual
_ increase in the Ag adding ratio to the Sn-Cu : based
sokdgriag or ebsitzeo biie AjBSPrpaesiss | s-anbakbe , Szacwhases,
Ag3Sn/ (3-Sn eutectic network rings beconme mnute. As a
an gpa%% ess{Kgbnaks Sugatuatce WA 3- iduppd esldryal Issue,
ersed is desirable, therefore, it

' c onents .are dis
Elg %&ﬁ%@%mg PRe 2 @Yo Chespiagdiub Liortiaiqiéd. ,
' 0 xtent . (2) cline in solder strength 2 6
IRI%E&%%%gFgfgo ar‘g&ﬂdﬁ%ﬁggﬁ'Sn-Ag-Cu based sol der rises

in alloy strength with an increase in the Ag anmount in
the alloy and shows the highest strength with an

Dis@b8akkCofOPRASHhAR t9hn

Among the above-mentioned conventional lead-free solder
élloys, 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 in wettability.

“:However, with the increase in the Ag adding ratio to the Sn—-Cu
‘based solder, the size of Ag3Sn particles and the size of

Ag3Sn/B-Sn eutectic network rings become minute. As a solder

sts:uctu_:e, 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




3.5%7g, this corresponds to mniaturization of the

alloy structure. However, the strength sonmewhat
deteriorates when the conposition becones an 6December 2006
excessi ve eutectic conposition of 4%Ag. (3) In

addition, a (Al bridge, (B) fillet, (C lift- off, or

(D) shrinkage cavity may occur during sol dering.

Exanpl e enbodi nents may provide a sol dering nethod and

devi ce whi ch suppresses unfavorabl e phenonena t hat
occBr tPRUIBo| ABr | FRTAKIGHy k@@t r 6eldBFderssamd in alloy

I - f.aini | d h i nferi
cerbgR OIS NG PRLEST Sy BHEMS2S BB, SE1 R nacy e
snokd el 0,800 U ML CRUG, SXSORLE SUEOLLIBALE, B o

3.54A¢, SidMer €8PEENboRSs SHR | i RS2 PSS! &randral S0 US8S oy
a sol der which displays performance equivalent to

stridiaireof Bokeagr cothal BitRgngohdebmehUbthelctere oraxasphien
enbodi nents may provide a soldered article and a
the neen @t urdm goeednerd aam ceeradiact witegrt idedoogotshéienf of
_ for manufacturing a circuit board of a sem conductor
4%Agevice or the like, a solder-plated plastic, netal,
etc use  of .the above-nentioned sol derin

and.(aé\t/)i%@‘e.a léllﬁélcer?o.eﬂ“A]Zob%id%'coﬁ%] nélﬂ’;eg' .frrﬁth?%ift'
ore A3ecln Ol BLesenl L IVRRL 0., L NELA LS Rrahdeg @

Example embodiments may provide a soldering method and
deviée which suppresses unfavorable phenoﬁena that occur i1in
soldering using lead-free solders and lead-containing
solders, such as an inferior wettability, occurrence of a
bridge, pinhcle or the like, to a minimum.

Moreover, example embodiments may 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, example embodiments may  provide a
soldered article and a manufacturing method and manufacturing
device thereof for manufacturing a c¢ircuit board of a
semiconductor' device or the like, a soclder-plated plastic,

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

and device.




sol dering steps of (a) during soldering, (b) before

sol dering, and (c) after soldering, in at |east the
steps of (a) during, soldering and (b) bef or & December 2006
sol dering, 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

sol dering object, and (f} a peripheral portion

thereof, and a nodul at ed el ectronmagneti c wave

treatnment is carried out by use of an el ectromagnetic

fi ' b h I [ A di ng.
| Shilcobaggedoby the gl LeLaLl ng Gyl et AECRrdLng:on,

t oexanp I men

thef®! ti@N $hALeqbhsekf Wit dul ated gl e¢Lr QRN i Gue  of

waves oOr treating a sol deri'ng anbi ent at nosphére’in a
sol&tdes i ngtess epow t hanoduhatiedy el estdormgnet i gpwavessore
wettability in soldering is made better, and an
solddatiaiqiedarsbl @or ed tant iselleleird ngi, Mpnowed lieasst tkagsheps of
etc., conpared to the conventional solder material.
(a) | ndexanpl e awdoivdnot s, aral t hédbyh theforeasoseldrtinche an
sol derin erformance is inproved is unclear, it can

2Lt it G HAOSS nfEHE PrDOE ST RATRol i ThpngRe in a
pand Ot SBRIIRL, 4 PG U SEL SR Ao g
nacdBUR, G TR SO\ salpen BATOSCN O 8 SghdrEh e,
portital themeit,abididy, a WishuahveyS eQBBSrbRiSnIUEST | Phve
in soldering, is inproved, and pinholes or Dridges

tredieconte i féddxnildd out by use of an electromagnetic field
induced by the alternating current.

According toexample embodiments, by treating a solder
'in a molteﬂ state itself with modulated electromagnetic‘waves
-or treating a soldering ambient atmosphere in a soldering
step. with modulated electromagnetic ‘waves, wettability in
soldering is made better, and an obtained soldered article is
improved in strength, etc., compared to the conventional
solder material.
| In example embodiments, although the reason that the
soldering performance is improved is wunclear, it can be
considefed that, in the process of cooling the molten solder,
sincé minute eutectic Erystals 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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to be fornmed. Furthernore, since mnute eutectic
crystals of the solder 5 are forned as a result of
the cooling of the soldering object in an  6December2006
el ectromagnetic f ield anbi ent atnosphere carried opt
after soldering, quick-cooling, which is carried out
in ordinary soldering, becones unnecessary. In

addi tion, the nodul ated el ectronagneti c wave treat nment
10 in the soldering steps of (a) during soldering, (b)
before soldering, and (c) after soldering includes at
| east any electronmagnetic wave treatnent of. an

el ectromagneti c wave treatnent (el ectromagnetic wave

tp.a flux,ljqui,d itself i flux
et SOt 6 Ll Sl 2 W gon o
j t 2) .t fl t {
oo 8l ISRk NE AL 60 O oo g Helild SEL RS

to (R eGimf@epgnetic wave treatnent 3) to a preheater
space in a preheater treatnent which is carried out

f or Farthemd FEABEACRA AL DNBULREEEE c138tals of the solder
el ectromagneti ¢ wave treatnment (el ectromagnetic wave

aret feamednds 20 répudar of eth®Wodsli@f SREUSS] dElridd object
el ectromagneti c wave treatnent (el ectronmagnetic wave

in g ebeeenendine ui af $eldanibigntspanespleatk @frried out after
el ectromagnetic wave treatnent (el ectromagnetic wave
soldegibgenausykreoalivgli whispade icaraiedoloutg ist eprdiorary
5 6 Decenber 2006 sol dering object after
SOlESFGBB?nB?CgﬁﬁﬁoaﬁﬁeP?Sﬁ§rHesirable.that all of the

-abof/neéddition, rthe modulated electromagneticwave treatment
in the soldering steps of (a) during soldering, (b) before
soldering, and (c) after soldering includes at least any
electromagnetic wave treatment of an electrorﬁagnetic wave
treatment (electromagnetic wave treatment 1) to a flux liquid
itself in-a flux treatment step, an electromagnetic wave
trea,tment_ (electromagneticwave treatment 2) toa 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
elect'romagnetic wave treatment {electromagneticwave treatment
4) carried out during soldering, an electromagnetic wave
treatment (electromagnetic wave treatment 5) to a soldering
spac':e,' and an electromagnetic wave treatment (electfomagnetic

wave treatment 6) to.a cooling space in a cooling step for a




menti oned el ectromagnetic wave treatnents 1-6 are

carried out, in order to achieve the objects of

exanpl e enbodi nents, by securely carrying out6 Rggember 2006

el ectromagneti ¢ wave treatnment 1in, at |least, the flux

treatnment 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
Solgarticula_rly be enhanced. In addition, it is also

REST DI PIE prdiSte SpFREARFon  {wettability) of the
fl ' the fl liquid i | t
prgéégﬁagggkgggté%? t %}ﬁﬁﬁﬂﬁﬁw ébsgerafiqd?geﬁ¥§%lFb8ﬁe"
menEb@né@l@gébegoﬁ%gﬂet%gevk*gg EESQE saqb%engr carried
a r er

at nosphere n the so I'ng anbi ent "at nosphere

out) N1 ahdeel BStIMBIRLT tice fbig] bl ey RIS R Riimentss,
of exanpl e enbodi nents. Thus, adhesi on bétween the

by sekdering cabjrgdéhg{ autcomiuel bverbeaghedl c ofvageCitr@ditient

~ board or the like) and solder nay be inproved. In

in, addi t Leasti hahadhésunn thestatwemt hetegolader engeobjssip of
and, sol der may be inproved by form ng the

soldeBidiFonElymePFrEReRERE 4MSEEAENS! FdSPherandyEhenwisR66E ing
carryin ut a, flux treatnent. such, _the soldering,
stef tRod 0r KSRRTHI e BnUBRCRIAPY SETeror 9 nfbed WG ADI Tty
- sal 0 ' nmet hod, but can be applied to
can 5%?3%?%%3§ﬂ€?h%gﬁ%h§?ﬁaing a step of, after thermal
gegﬁ:hngddf’@i&?,r '0219 800, £001 b 8Gs 411 4 he PdnRit S YHfleation

Decenber 20 .

{wettability} of the flux by making the flux liguid itself of
the pre-soldering step, the molten solder liguid itself of
the soldering step, the flux treatment ambient atmosphere
and/or the soldering ambient atmosphere into an
electromagnetig field ambient atmosphere ofexample
embodiments. Thus, adhesion between tﬁe soldering object {a
conductive terminal of a circuit board or the 1like) 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 treatment.

,As such, the soldering method of example embodiments
is not limited to a moiten—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.




The above-nentioned sol dering can be applied to every
type of soldering nethod such as a sol dering nethod of
(a) a flow type whereby a nolten sol der nat erfRgeemger 2006
sprayed on a soldering object, (b) a reflow type
whereby a soldering object with a solder materia
applied is heated, or (c) an iron-soldering type

{i ncludi ng robot sol dering) whereby soldering is

L ed by hol di | deri ' .
ol (0F1 AGOSET BET ChPrRC ot abf e mtet | OF appl1ed, £ ey
t a“85 3 a5 _
evpy (O oAl e SR oy Y FRRYe REUChRER TG LB -

flowetyBdPlhedebp RO IRLANGARY! YRE 20D 1 &ls V@¥&ved on a
di p-type soldering nethods of dip soldering (nethods

soldarimpl dBrEeBg, by(b)di pPpi AYE Bow OldRki NGhebiBEt aM §8l@ering
flux applied into a nolten solder). Furthernore, the
objzef dertinganmerhddromacranpl eappibedi nentsatan, aleo b8 an
. _applied to a (c) iron-soldering nethod, and the
1royRRIEISFESSr | B r dinseMdéREng TABPRodSPsdeEaRg ] edwirreby

manual sol der | tonatic sol dering, by
ol e hCed Pron Lol G nit AOASSRiBYcaFprodo =

7 solcgé(‘)i{ia'g%/ior}]a %@S wqft.ht Qxe s%%{cilagwﬁggeggg eglia]??:}eiacﬁapng%) Tallqelaser

irons includé or examnpl e, rni ng

typSYrefdyng ih&%ﬂr—f@_e&)ﬁénéﬁ?' OS85k DG df A8 ELhepLr i C

sol dering iron, (ii) an ultrasonic soldering iron
(Whrgd ishowsadnftabnsal defj ng1cattyed osbiddvidipUtan be

using a flux, by breaking an
applied to both plane dip-type and Jjet wave dip-type
soldering methods of dip soldering {methods for soldering by
dipping a soldering object with a flux applied into a molten
solder).

. Furthermore, the soldering method of exXample
embodiments can also be applied to .a (c) iron-soldering
method, and the above-described iron-soldering method 1is
carried out by manual soldering or automatic soldering by a
robot. And, these iron-soldering methods are carried out by
.means of the following soldering irons.

The soldering irons include, for example, (i) a
burningISOldering iron, a gas soldering iron, an electric
soldering iron, ({ii) aﬁ ultrasonic soldering iron (which is

used for soldering carried out, without using a flux, by

breaking an




6 Decenber 2006 oxide nenbrane of a base netal by

utilizing a cavitation phenonenon generated by

ul trasonic vibration, such as, for exanple, & Peremben2006

soldering), (iii) a resistance soldering iron (which

Is used for soldering carried out by, while

sandw chi ng nenbers to be joined between el ectrodes

made of a netal or carbon, applying hereto a, l|arge

current at a low voltage and heating with Joul e heat
oxi@8NefeRdnal dheaj Qldde ROELIOMy, SH'@D]_PZQ'IHC; OF &XAMRlRion

sol dering between a conductivetermnal o
phesenecomdgeherated cbiyt Wioarabarid anibed ecdd,i C§thIW| Be), for

and (iv) a chem cal soldering iron (which is used for
exampl eler ipAgméanni e loletr iby) ut i {3izi)ngaheats istaacecmidealing

reaction and suitable for an energency operation in a
lro\?\orq{@& Whereegenépat i I i ecaspheks Oalﬁd bhe while

causes_a dapger or. i.n the open air).

I,
Sa“%‘%?%%%% MERDSrS ak eﬂ@lﬁef’le GItess §&r°—&éﬂfodﬁat Bpfg of

j S ol ter used .i hexa
a méﬁ%%d?%e% 8o £§é$§¥ﬁ#ﬁh y anéiso dér CiE%ﬁ&FhaFna Low
vol@@@@eéhagh@%@lﬂ@d%lQﬁtQﬁﬁﬂ£PQﬂ§¥?r eﬂﬁng%H L mhat beane
| ead-free solder materials, exanp e enbodi nents
pormm,al seudie a@pllgsrmekaagi@pnt ai Biolgeg@hger between a
materials. In addition, although the |ead-free sol der
Con¢nmtav&ut¢rm1mm3c@feaanpmeoenbmdtofntSrcantbboap@laﬁd an
is not limted, a solder alloy of an Sn-Ag-Cu base,
Ele%WlS?ﬁlAgWJela%b aird Shing- Bi cheagealawoddeagninibase, (whch

gy:Pase n Sn-Zn base, an Sn-
is use or 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 inexample
embodiments, the wettability and solder strength in

soldering are made better, however, without limitation to

lead-free solder materials, example embodiments can also be

applied to lead-containing solder materials.

In addition, although the lead-free solder material to
which example embodiments 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

base, an Sn-In base, Sn-Sb base, an Sn-Bi-In base, an Sn-Zn-

8




Bi base, an Sn-In base, Sn-Sb base, an Sn-Bi-In base,
an Sn-Zn- 8 6 Decenber 2006 Bi base, or an
'Sn- Ag- Cu- Sb base can be used. For exanpl e, i n &Desgréer 2006
where a solder alloy of a 96.5%bn- 3. 0%Ag- 0. 5%Cu base
or a solder alloy of a 96.0%n- 3.5%Ag-0.5 % u base is
used as a |lead-free solder material, by applying a
nodul at ed el ectromagnetic wave treatnment of exanple
enbodi nents,. a sol der conposition can be provided,
Bi abeh ¢x areducdd-iCu-Ahp bestentn(Bebysewdi ght) to a
ratio of 0.5%to above 0% and which uses the reduced
amdRE ofXFTEPEd AR i @SS nghahdut 8Pldgr Sglloy of a
ontent. In additiqn, in exanple enbodjnments, it is
6. SRR B WG e oot & GRF o biragrat i & vilyedesn-
eifectd ve LN ol dering ste in addition to
3'%%& grb%uf%‘%{egggél (%%t P%refégr?est i% \g\%a\l/% J‘{)I}eéaatsr?gln Sr b:.@anterlal,

by GHJI%iRG OMt SeLASEEAT o1 I ARG Netd SthGke MRS Enent of

provided wth a coil portion whi'ch conducts an

exa@bler BabbAGmERE S £Nh WHISR A I e6ueHEy: 1aP8ERl b¥ provided,
changes in a band of 20Hz-1MHz, while orienting the

whif¢longst vdilnakddiine @i aorttrerteofs iy t heightlectd on afattibe of
sol dering object. The reason for that is because

0.5% ntenabpye BF £Re mbdghatedseltbet redagrdt ppowateof Ag as
pecones, strong in the [longitudinal direction of the

an LRe et & Pded™WPRhCART@BEY porti on.

In addition, in example embodiments, it is possible to
make the modulated electromagnetic waves effectively work in
a soldering step, in addition to the modulated
electromagnetic wave treatment, by carrying out soldering,
by use of a stick member provided with a coil portion which
conducts an alternating current whose frequency temporally
changes in a band of 20Hz-1MHz, while orienting the
longitudinal direction thereof in the direction of the
soldering object. The reason for that is because intensity
of the modulated electromagnetic wave becomes strong in the
longitudinal direction of the stick member provided with a
coil portion.

Furthermore, inexample embodiments, simultaneously

with the modulated electromagnetic wave treatment, by using




Furt hernore, inexanple enbodi ments, sinultaneously
with the nodul ated el ectronagneti c wave treat nent, by
using 9 6 Decenber 2006 another el ectronagnet @esraber 2006
treatnment including an infrared and/or far-infrared
treatnment in a step before and after soldering, the
wettability and sol der strength, etc., are |nproved.
According to a second aspect of the present invention,
there is provided a soldering device conprising: a
sol der material applying portion for applying a
solder material to a soldering.object; a soldering
anophp b ce Loy Sha Fn slol @ era Veral k54 Eerftori isglugépion grofinfya red
ol derin bj ect, and/or a coil-wound coi ortion
and [0 HasgIpd 2hRgty  EASAIREtr Lhe 3 sof Hr HRRCHR afidaRdter
solé?rfljl(%,m Ftﬁga%li-?&a%i"@]‘cg; 95938'“ %%%M“'&J&a?g“zﬁ{,' €2t8", are
alternating current se frequéncy tenporally
impgbesg@es in a band of 20Hz-IMHz to an electric wire of
the <coil portion. In addition, it is also possible to
enpleyoridingatdi &1 o8cdRd t ep&dt loPaHd @re@fentthénvention,
sol dering device, a construction provided with a
thesei dk mevbddednta whildhrangoideviwki clomgoriductss an solder

al ternating current whose frequency tenporally ,
- mateRkmledPR Y H DR oFoRoFer | PRl KW hrefohdehdrakgrial to

A %ﬁ(ggﬁﬂn%ngi udi pal dire t'?p has geggtor;§g1é¥jian ghfder

h 8PJIfHE! sot detq-iiF *dbiPec P ©
material for soldering of the soldering object, and/or a
coil~wound coil portion provided in ther vicinity of the
solder material, and an electromagnetic wave generator which
applies an alternating current whose frequency temporally
. changes in a band of 20Hz-1MHz to an electric wire of the
coll portion.

In addition, 1t 1is also possible to employ, in
addition to the ccil portion of the soldering device, a
construction provided with a stick member onto which a coil
which conducts an alternating current whose freguency
.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 example embodiments is a

flow-type device, the solder material applying portion is

10
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I f the soldering device of exanple enbodinents is a

flow type device, the solder material applying portion

is 10 6 Decenber 2006 conposed of a nolten sd& prspmber 2006

storing nolten sol der bath attached wth a preheating

device and/or a flux treatnment device and a nolten

sol der supply pipe with an exhaust nozzle to spout

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

CGol der bath and/or in the nolten solder supply pipe.'

In addition, the nodul ated el ectromagnetic wave
comoBalne i i | ectro etic v

e T YR B S R R Rt A B b e
witbehepféﬁgaﬁﬂﬁfgl 8e¥@¥8 Lh@ALFERL s )y t@reaag ot ldec%{cde and

itself in a flux treatnent step, an ‘electronagnetic
a modvent seBdEBNSuPPL §CHIPEBENES | n BB ISLHIBNe ) sidut

a flux treatnent space, an el ectronagnetic wave
thetnektarenbldeel eovandugresbldvay g taERIFENHI 3hok8ddin the
: reheater space in a 15 preheater treatnent which is
molgaﬂr%bﬁ%utbaﬂ*@ln, aandl ushe restle porsalaerisngrosjdeet inakde

. an el ectromagneti c wave treatnent (el ectromagnetic

VichRdeY Ofebbfetelign addeadbatih ahd /oy isotdemaig,en anlder
s eiectronagnetic wave treatnent (el ectromagnetic wave
UPRTE Rt 5) to a sol dering space and/or an

el ectr netigc, 20 e treatnent (electronmagnetic

w8 AR i 85 TG LBaIa Ry ropanat e veEFRgtrent
ineﬁic?@s A A9l dglr& ”8188£§8x%a§£é§{c Sv?zl-:nggr‘lczr:]gétment of an
electromagneticwave treatment (electromagneticwave treatment

1) to a flux liquid itself in a flux treatment step, an

electromagneticwave treatment (electromagneticwave treatment

2} toa 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) carried out during soldering,
an electromagnetic wave treatment (electromagnetic wave

treatment 5) to a s_'ol_dering 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




Al'though it is desirable that all of the

above-nenti oned el ectromagnetic wave treatnents 1-6

are carried out, in order 11 6 Decenber 2006 6 Pecember 2006
achi eve the objects of exanple enbodi nents, by

securely carrying out an el ectromagneti c wave

treatnent in, at least, the flux 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. ddition, the nolten sol der supp

I Ri
to GrERGEEd TR THETSI Pl SHERYS LHERPT G oY FPEHFELY
car e A o s o G GoPE CARAC LAY ol [ Teat.

er periphera

the p‘frltuixonti* a GRASE ' ggaﬁd.&y ai ?{f@{]—teégé% aofoggflidt%%gnbt]e the

nol ten sol der supply pipe vi I'nsi de
prefi@t&n sokdemehBt rasdOn- phavenid ngopkre: ARd st NdiBY the
the same. As such, by constructing the coil portion by
boardiser binng impw®@iing Nt eftbet noldfen snédefvedtRPLY iRlPE can
via the inside of the nolten sol der
pariitulsi on-qer endknicrd-pi pe and wi nding the sane, since
the coil is not made to contact with the sol der _
mat efPaRdfAt&ChD| tlem Ralften aHelegoisiupipd YyhigEydisposed in

the CGedior bt BALBS ARG nbS DY LHEbi L FRO Ul For SRerBekder
‘ intﬁpﬁr@{:—tﬁ%vteglttiﬁg .%‘g&é R RRLEELS VY USHO SV ePLE heral
pi pe through t insi de _

‘portion thereof, and the c¢oll portion is constructed by
inserting 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 coi; 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 i1s not made to contact with the solder
material in a molten state, the coil is hardly deteriorated.

In addition, if 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 c¢oil installing member through the

inside of the molten solder intrusion-preventing pipe, since

fitting of the coil onto the

12
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of the nolten sol der intrusion-preventing pipe, a coi
i ntroduced onto this coil installing nenber through
the inside of the nolten sol der intrusion- pré/eeseinher 2006
pi pe, since fitting of the coil onto the 12 6
Decenber 2006 «coil installing nenber can be carried
out outside the nolten solder bath, maintenance
ability is excellent. If a longitudinal direction of
the coil installing menber is connected, inside the
nol ten sol der intrusion-preventing 5 pipe, to in the
di rection orthogonal to a longitudinal direction of
the nolten sol der supply pipe, el ectromagnetic waves
i,ven fromthe coil portion of the coi
3 ngt“eﬁqﬁ%ulﬁgmr%% X 28 f (ST Sitth&yssddet sheneolten
f jrection of nol ten ..solder insjide the nolten
Solsdo(%(glveksrjal Hsrlp}pg[}é}rhpﬁoepnea%c b lﬁéstl}’f 5 HERH Yt r onmgnet i ¢
wav : : . i.ghe t .1s given. to the
ol £ SO BB SR CLINED FRIERO 1) 3 L e
is woundcteayndnikhge €Ak! mé I L 10l -
o o cor dbahiS SR mbLEhE SRyt r i et ing
pipef, gehardiced rAGNESh 6reAvEsnad k1Rl itdi Rah eRSak-on
doubl e or nore lap wi nding than that of single
of whadinpdtehnsadderi supplf phee £oblednpbmddndidi TRARALs idan
provi ded double with a parallel arrangenment in a
be gérgnt fisematheligwct portioh bliethsl tenl shtserl Bifpmember
i pe, and onto these coil installing

in g glrection orthogonal to the flow direction of a molten
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 winlding 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 paralle-l-'arrangement in a longitudinal direction

-,ofthenmltensoldersupplypipe,andontothesecbilinstalling

members, if a coil is wound in a figure 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




20 nmenbers, if a coil is wound in a figure of zero or

in afigure of eight across the two installing

nmenbers, generated electromagnetic waves can @ieeagmberi?006
in a wde range, and the electromagnetic wave is al so
intensified conpared to that in 13 6 Decenber 2006 a
case where the coil portion is provided on a single

coil installing nmenber. If the above-nentioned

sol dering device of exanple enbodinments is a

refl owtype device, a solder applying portion thereof

' ' ith.g t f J t ferri .
* hBraEPebErSa shad AR T ry g TR SihaPE, Fous

insBa B0 klEmeegct froman upstreamside to a downstream
side, a heating neans for heating the soldering

obj ect tied ngtovanskbaciedely $dmeadriansf gevi®ansot akgadple
cool ing nmeans, and the coil portion is provided with a
embegdinentgound aroumgfihe-tyaasféevieans & orsdldansf eppilgdgng
a.solder object. In this case, the coil portion is
porelnmst rtiareef fde  exampred byidhrangitipnefesi | meang for
N q%gectjon orth gonal toa transferring direction of a
LA iy DbF8LHEr AR T e BYL 9§ helY r AREHeifin e crean
ns _so_as rrqund t he sol derin object. .The
1 % P
oLt iy Reare e 1 K amira cohpodea iy sitE to s
dowreheat | hPOr L1 ARaREAYT dRd AN Ak URSLESAM Shde sbiakPeng
object being transferred by the transfer means, and a
cooling means, and the coil portion is prbvided with a coil
wound around the transfer means for transferring a solder
object.

In this case, the c¢oil portion is constructed, for
example, by arranging a coil in a direction orthogonal to a
transferring direction cf a soldéring object transferred by
the transferring means so as to surround the soldering
object.

The heating means 1is, for example, composed of a
preheating 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 ﬁrovided 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.

14




transferring direction of the transferring neans and a
real heating portion provided on a downstream si de
thereof, and the cooling nmeans is provided orf Becember 2006
downstream si de of the real heating portion, whereby
a nodul ated el ectromagnetic wave treatnment can be
carried out at each stage of soldering of preheating,
mai n heating, and cooling. 14 6 Decenber 2006 |If the
above- tioned sol der.ing devi of exanpl.e
enbad NEREs TRO% TIUANG | FOISELHRT deRiEe (A example
: appl yi.ng ' is, provided with a solderin
emb??%ﬂgé%? E%%rfyiﬁgggékgggldﬁgéhd?ffebgkﬁécﬁﬁdeé?%_ stlder
aprg!ﬂh@Ctchﬂirbrpr isbeppgyviRde REaH Ml esB@d_@F§9gdeffcﬂg_ for
object wth a solder applied, and the coil portion is
careQDsgr usitedsbYdat Ny NPya bEOh @a@Ndte RAMtaQf tHeth or
soldering iron. In this construction, since the coi
beipgr micole exretignate the sobdédengngr objpatt ,winddukatsed der
el ectromagnetic waves can be applied toward a
aprispeder AE dBjectoht aprtiphess mumtdiungacd hyt hipding a
.aspect of. the present invention, there is provided a
COlﬁe??ﬁRPéﬁﬁ Hﬁ%ﬁUF&EF@Fiﬁ@lQGFHEQeHrO%rticles, wher ei n
t he ;sol.derin hod. according to the . first. aspect
i's ilzlcg?‘ggrg Ielg%%ﬁggrh%ﬁf a%%%?‘?gntghestceoplsl. Hor{scé)?%ﬁxéSts at
the €9B04L FEIY S; r diep 501 depssl, Altd L1 d N
eelectrpnic/éﬁec??%cal é%%fpné%f %3ﬁ€ﬁ?ﬁﬁ§ uFFgg waves can
be §ObUREd NPwd R U HNeFeRGCOPHEEE Oft deVi CesressUCh as
circuit boards
According to a third aspect of. the present invention,

there 1is provided a method for manufacturing soldered
articles, wherein the soldering method according to the
first aspect, is incorporated in manufacturing steps.

In example embodiments, the soldered article includes
all electronic/electrical equipment which requires soldering
including semiconductor devices, such as c¢ircuit 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

15




provided wi th sem conductor devices. In addition,

sol dered articles such as all electronic/electrical

equi pment whi ch requires soldering includi ng 6December2006
sem conduct or devi ces, for exanple, such as <circuit
boards provided with sem conductor devices, obtai ned

15 6 Decenber 2006 by the soldering nethod of exanple
enbodi ments are also included. According to a fourth
aspect of the present invention, there is provided a

sol dered article obtained by the soldering nethod

cordi to the first aspect. According.to a fifth
by aqﬁ%cﬁoggefﬁggpﬁg§§ﬁ¥l P%ve%%? Le ¢ FEPEYL R Byided §1s°

incﬂﬁ&g@g for manufacturing a soldered article including
the sol dering device according to the second aspect.

Fur t hergiegraSxamle embadi ey s Jnelide g metfod gadent

15a 6 Decenber 2006 device for manufacturing a
inventder edthetéclie bmovidédgaalsbldelredt manielel ebtaiaal by
equij prent whi ch requires sol dering  including
the 2ot CONRE RSV idceerding ERakhpeef 153 PIREE 1 cui t

boar d i ded with seni tor deyices, includi
the 5 R a0 co. BrTeh DBSEFTbt | O of 'or adRGERt

invention, there is provided a method for manufacturing a
soldered article including the soldering device according to
the second aspect.

Furthermore, example embodiments include a method and

15a
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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 sol dering device @&fDacpm@per 2006
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
devi ce 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
of the present invention. FIG 5 is a flowhart of a
soldering'process of an enbodi nent of the present
n n FIG .6 is a side schematic view of a
Aol N e fHS e iR o8 PgleETAR ote Condnd oL TDrall
A 0 wave. treat nent of the
AR A B i Uil shoinges soldertng

present 1 nventi on.

indQilirdg Q@m‘ﬂ’@@ﬁ@u@t@%ﬁé@s %% 6 %ﬁﬁ a&bﬁ easicﬁnf%%lt

el ectromagneti c wave treat ment

boamdid| erovf ddrd Wi i 119 §eﬁPE&ﬁ e ne
t est agzaratus of FIG 6 ?ﬁégbgDBgQQE%él gn.éugﬁgg fFhe

solderdng cieoileet.ogr aph of an ingot polished 5 surface
in a case where no nodul ated el ectromagneti c wave
treatment .has been applied by the test appar atus shown

Brllerf] 'I:)le(sacrlgtlon of Drawings

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

FIG. 2 is a side sche-mati;: 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 transferfed
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 asolderingprocessof an embodiment

of the present invention.

FIG. 6 is a side schematic view of a test apparatus to

investigate various conditions for a modulated electromagnétic

- wave treatment of the present invention.

FIG. 7 is a view showing a condition where a modulated

16
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FIG 9 is a copy of a m crophotograph of an ingot

polished surface in a case where a nodul at ed

el ectromagnetic wave 10 treatnent has been apfidPdcentbet2006

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 at ed

el ectromagneti ¢ wave treatnent has been applied at

0. 3A and 50-500kHz by only the 15 test apparatus

shown in FIG 6. FIG 11 is a copy of a

m cr ophot 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 by only the
eleciLomaghatdcusa ¥advied e ici sebe2ng @Rl 1gd iie fhegpiddle

of a.m crophot ograph of an ingot polished surface in
of BopRiBuunatel L AIAGR o PR G hBE! o REVEPPAEAEUS of
—~treatoent h been applied at 0. 3A and 50-5, 000Hz in
FIthg %PdSIQOiéf pouring in the test apparatus shown in

Fl h I 7. 00 hown, in Fl G
7 T O PEPTsh o b kAT R e oY oo
surbakkshed o stdacenid Re an6agsaisteqd eq%%r%ﬂr%%ne ic wave

el ectromagneti c wave treatnment has been appled at
t re@tA8nansh S Pe2@0kpp 11 BAthe tHedelb 8t Sfifa ROUIS RGO L RErTG.

test apparatus shown in FIG 6 and the nmold shown in
6. FIG 7. FIG 14 is a copy of a m crophotograph of an
i ngot polished

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 appagatus shown in FiG. 6.

FIG. 11 is acopyof a micrephotograph of an ingot polished
surface in a case wherex a modulated electromagnetic wave
treatment has been applied at 0.3A and 50-20, OOOHz. 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 0.3A and 50-5, 000Hz in the middle

of pouring in the test apparatus shown in FIG. 6 and the mold
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surface in a case where a nodul ated el ectromagnetic
wave treatnent has been applied at 0.3A and 50- 20,
000Hz in the middle 10 of pouring in the test 6December2006
apparatus shown in FIG 6 and the nold shown in FIG
7. FIG 15 is a copy of a mcrophotograph of an ingot
pol i shed surface of a |ead-containing solder to which
no nodul ated el ectromagnetic wave treatnent has been
applied. 15 FIG 16 is a side sectional viewin a case
where after sem conductor chip termnals were
inserted into through holes provided in a board,
conductive wires on the board and the seni conductor
chip termnals were optinally soldered via the
shey obyhEHol €5: 20 FIG 17 is a copy of a
m crophot ogr aph showi ng a soldering condition around
t he Fd&nmi DA EBPYCHi p Mismephaitodnanthef seat ngot pedighed
" holes in a case where soldering was carried out
SURkdtout® Appt3itgPAchBdal ME&tad retagheereonaic wave
t r.eat t to a 18 6 Dec er. 2006 _ _seni conduct or |
eref R Bag' Befin itk AT G0 O # QN §Oo 0 KigoPH gfheymidale
j . 0g VY sol dering. c ition around
of B dR A AERE SR SR i B8 o PSR

he se ermnals in

 shdifl 65, ipr@ case where soldering was carried out after

5 applying a nodul ated el ectromagneti c wave treat nent

S B0 6 IR G S8 b1
sumiateophot agrae shigwtadaandhudeiddd electromagnetic wave
treatment has been appliedat 0.34 and 50—20, 000Hz in themiddle
of pouring in the test abparatus 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 amicrophotograph showing a soldering
condition around the semiconductor chip terminals in the board
thr.ou'gh holes in a case where soldering was carried out without

applying a modulated electromagnetic wave treatment to a
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condition around the sem conductor chip termnals in
the board through holes in a case where sol dering was
carried out after 10 applying a nodul at ed 6 December 2006
el ectromagneti ¢ wave treatnment to a sem conduct or
device and a nolten sol der 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 mcrophotograph showi ng a
sol dering condition around the sem conductor chip
termnals in the board 15 through holes in a case
where sol dering was carried out after applying a
nodul at ed el ectromagnetic wave treatnent to a
sem conductor device and a nolten sol der of the part
semd GAUIHIRF VLU MHEqH)SFder .G 16 at 0. 3A

P o Pt S EBRS S 880

corf SRS SLG B Beh LD ok G 0B e 1S boara

thr"gl.ltg@{ hoﬁ@@l Yh'y cacls'éDQHEggegof ggg_ﬁgmg}alr%i\%%ygut after
treatnent to a sem conductor evi ce an a noliten

app%?ﬂé‘i'ﬁ_); At nBadhaand 20=2Q, et il @%@C%qu@lﬁ:mggg6 to a

2 is a copy of a m crophotograph showi ng a
semd@otelicte Ic@se ¢é aRdal RYDEeh R 1SRIF £OOJEALRIG SHLP, 000HzZ.

terminals in the board through holes in a case ere
sol HEGi 19 1as capy io€da allcdphitegrefphisheaitng ané&ldé Adng
sol der wi thout applying a nodulated 5 electromagnetic
congidd oy envnedttheFs Gni @8ndhowsrachplmnevingwa( Bl G the board
23,(a)) of a test piece of soldering by a nodul ated
threugét hehagnbt ix caegevhesat sehdening 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 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 line (a) of FIG. 16 at 0.3A and 50-500kHz.

FIG. 21 is acopy of a microphotograph showing a soldering
condition around fhe semiconductor chip terminals in the board
through holes in.a case where soldering was carried out after
app'ly'ing a modulated electromagnetic wave treatment to a

semiconductordeviceandamoltensolderat0.3Aand50~20, 000Hz.
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the present invention, an enlarged plan view (FI G

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

thereof. 10 FIG 24 is a copy of a phot ogr aph édsembgy 2006

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 treatnent of the present

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

condition 15 where an occurrence of dross on the

nol ten sol der surface of a soldering device as a

result of a nodul ated el ectromagnetic wave treat nent

of the present invention has been suppressed. FIG 26

Is a_copy of a photograph showing a condition where

an 6@@ur2¥2eh%él PPy ﬂfg@ G A atslawaPsshdeingw saddesing

a soldering device as a result of a nodul ated

Coné%l&et%ﬁﬁaﬁ%fl ATBIEPRANRERE PR KEIPHESd s in the board

h b FIG 27 shows
e b o8P g ot oA e LA De ST L Ser 4L of Gy Bse

b h
ot 3 §0)g30BL08, 8GOl POEALE BESUS5R, % SHRklacec
eld@ﬂy%mgfngtqu%g@geqre%iﬁgﬁﬁpnagnet|c wave treat nent

devi ce of the present invention. FIG 28 is a
PErspecty esneBW S AWM jaWmRirted Har(a y%nefng tésﬁobkece,
onto a coil installing nmenber of FIG FIG 29

of gopeesprgiiy e Mbewl shew &l @ FEh it £ Ok wﬂv@lt&@atﬁent of
coil onto a coil installing menber of FIG 27. FIG 30

- thel praspet spectritviory] ew showirggdapbeh hoiew F1.NABAB) ) and

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‘fhe present invention has been suppressed.

FIG. 26 is a copy of a photograph showing a condition
wheré 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

20
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a coil onto parallel-arranged coil installing nmenbers
of FIG 27. 10 FIG 31 shows a side schematic diagram
(FIG 31(a)) and a plan schematic di agram ( FI8®ecember 2006
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 reflow

sol dering of the present 15 invention. FIG 33 is a

di agram showi ng a rel ati onshi p between nodul at ed

el ectromagneti c wave intensity and spaci ng between

two adjacent coils at a coil portion during ref |ow
soldering of the present invention. 20 FIG 34 shows
expl anatory views of a solder spread test during

LUkt 190W s81 dBPIRENof Seheepr ezl nudiits ot FiRG mgdluiigted

oL G A S g O a0l steenath (ost dulng

 De LG .36.sh | anat [ ews_when
FIERG Dt = ebFaer thy 78, T ERRBr Aurt Ngthpehial #inding

carryrng ou y

2 QUESERld W Oy FLG 3 by P4 9L 0Ty Vi ew of a

sol der spreadi ng during ering by iron ‘sol dering

of the. preseny péB;!SQE}:S?Gev%feEJ quxg].s.n.gsa Re¥hBY £ winding

. explaining directionality of an ectromagnetic wave
a, ddillergitly d ecd ICasHs teharie ARGt Id mid e 2mhi ch

conducts a vari abl e frequency has been wound onto a

StiEKG. 30 is a perspective 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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body. FIG 39 shows diagrans showi ng a rel ationship
between 10 distance fromthe coil and el ectronmagnetic
wave intensity of the device shown in FI G 3& D®emper2006
Mode for Carrying out the Invention Mdes for carrying
out the present invention wll be 15 described al ong
with the drawi ngs. Enbodinment 1 In the present
enbodi ment, a nodul ated el ectronagnetic wave
treatment of a 96.5%Bn- 3. 0%Ag- 0. 5%Cu- based sol der was
carried out by use of a jet wave dip-type sol dering
devi ce shown 20 in the perspective view of FIG 1 and
side schematic view of FIG 2. The jet wave di p-type
sol dering device of the present enbodiment has a
bat FIGef 36 nohotws 9BXBLER N MYAFiewsSYCihdasedrrydng out
Decenber 2006 solder and heaters 2 di sposed

soldfdidiy dUhd rahFalferadath the qiradang dnwsintden.

sol der, 3,0 a nolten solder supply pipe 4 with an )
exhgﬁgt 33r?olz% PE kP kR tEmaviseY fd 3 AelAsriaressiggrdaring

sobfrl SR AR e Surlace L oy ded.
I [ 4b, . and L] the fan. 6 by. a.
ot 5107, S o raBRaer Bue S Ee e AEer R nal Y e
<1 SRR L S QUUR RS 150 06 SHTLNCDLIE ef v ce
which conducts a variable frequency has been wound onto a stick

body.
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%85n-3.0%Ag-0.5%Cu-based solder was
carried out by use of a jet wave dip-type soldering device shown
inrthe perspective view of FIG. 1 and sidé schematic view of
FIG. 2.

‘The jet wave dip-type soldering device of the present

embodiment has abath 1 of amolten 96.5%Sn-3.0%Ag-0. 5%Cu-based

22




10

15 .

20

sol dered (in the present enbodi nent, a sem conduct or
device 10 9) is transferred by a transfer unit 11 for
a sol dering object which passes above the exfaRepember 2006
nozzl e 4a. Respective sectional views in the vicinity
of the nolten solder exhaust-nozzle 4a of the sol der
supply pipe 4 and the sem conductor device 9 being
transferred above the nolten solder 15 exhaust-nozzle
4a are shown in FIG 3. At the sem conductor device 9,
conductive termnals 13a of a sem conductor chip 13
have been inserted beforehand in through holes 12a
provided in a board 12, and during a pass above the
Iten solder exhaust-nozzl e 4a of the sol der supply
sol heatgEscnglizpryed’ teerearpundaard ihghe bath 1
are soldered onto unillustrated

h
Stoe’ilé},gz%i %F’Pn@ fiet e @oﬁ‘P&tei?Zsokﬁ?ﬁo‘ﬂﬂ?PlaY &dipe fsyith
o yl d t
o0 S MR LS B € Bue oo e = o
indRER) A0 e SBURD! UnPIEchod &l 8 TPLR ST eBET ARlEetion
, asS S a a

fanmedyrated2 gl £6t5 asponed | £ V@\&%l@c%'?ler%tl%r 1&3&8%% and

the outer circunferential portion of the nolten so

by BogtpRhy Pheersh \$bkea GRMESF MY 8hBahs 1080 tNE A &1 in the
circunferential portion of the nolten solder supply

-solpiepebdthniretsedd supra il teiroued dee balhed, sup%ly pipe
t he

ext endi ng upward beyond the liquid surface of
4 teolider ekhquisd obztzhe del.tehnsalidetibaf ha lcommsh@as st dope
t hr ough

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 vicini£y'of'the1nolten
solder exhaust-nozzle 4a of the solder supply pipe 4 and the
semiconductordevice9beingtransferredabovethemoltensolder
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 uniliustrated electric wiring on the board
12.

Although a ceoil 15a of a modulated electromagnetic wave
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the inside of a short pipe (nolten sol der

i ntrusion-preventing 10 pipe) 16 structured to prevent

the nolten solder 3 fromintruding inside. |f RPagergber2006

case, since the coil 15a never directly makes.

contact with the nolten solder 3, deterioration of the

coil 15a is mnimal. In addition, such a nmethod may

be enpl oyed, as shown in 15 FIG 4, winding a coi

15a of a nodul ated el ectromagnetic wave generator 15

around a coil installing menber 18 while covering a

part of the outer circunferential portion of the

nolten sol der supply pipe 4 imersed in the nolten

sol der bath 1, extending upward beyond the |iquid
gergFdtare b maie bsolddaedtlguiveusid ereur@ trbkt molsehdeplder

bath 1, and connecting the coil inserting nenber 18

?URR}XtR?HQuﬁrdétoﬁsamgﬁ@r?r%f%éaﬁ%?sﬁ?¢uﬁ%uﬁh9%ﬂ3%@r@ﬁ@nt2r
windaoofPl £a BF Efodul P80 ke Hrthar Shiray preSTator
' il 15 4 Decenb 06 [ t
15 40980318 S0 5RCRUSEn 24 Dncemher 200, dreet .,
ol D3 0l TR 0 S B s

1SUCH 88 +& GRS BYBE sBREBL :
poconsfr-uctieon shown iEgﬁégnggé&.%Pﬁgﬁgzéﬂ%%gpggmamolten

solelid pbra CONPRFEAdi Agt iSwEAN Wd Hild UheSheWR1idNsEkBacé. of
and has a feature, 1n a case where the coil wound

thepawldésligoddparietol t 8naolulerédh 30l fehddeid £thg EBFough
readi ness of post processing. ]

the inside of a short pipe (molten solder intrusion-preventing

pipe) 16 structured toprevent themolten solder 3 from inti:udingl

inside. 1In 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

~apart 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
mol-te'n 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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Furthernore, in the exanple shown in Fig. 4, since the

coil 10 installing nenber 18 is connected in a

direction alnost orthogonal to the |ongitudi rfalPecember 2006

direction of the nolten sol der supply pipe 4,

el ectromagneti ¢ waves can be given by the coil 15a

wound around the coil installing nenber 18, in a

direction orthogonal to the flow direction of the

nol ten sol der inside 15 thenolten sol der suppl ypi pe4.

Asa result, an electromagnetic wave energy anount of

a higher output is given to the nolten solder. A flow

of el ectromagnetic wave treatnents carried out by use

,of the device shown in FIG 2 or FIG 4 is as shown in
dippc Gmagke sFrpatach Witk thederiesn siod dgar 8i etk teuti ofrert ion

‘ board .12 to be soldered, and in this flux treatnent
Ofgi

of Sttp CodrtePact bidbiEE nate e Featnent b7 bl appinesban 18
<P 8 B8 PUETREE 2092 S bb s amcmaterian

an&l SGlLoMagnetic wave treatnent is applied to the flux

treat nent space (electromagnetic wave treatnent 2).

Nextrhea-BhgRSALE, ont bfg caf rd or Lhe s

flux tergat ed boar gnlgségﬂg %%tﬁllfsfa?%%u%sgemsel“{l?%éﬁlq a
co¥l aGlr eomgaetict MaYR EHRALPRBLIbA siPORh 1808 tHe 4nd has

preheat er space (el ectronmagnetic wave treat ment §3.

- a featsakdef hng caiteowhbBeebtds ¢olid {ouhl sarf 1:8digubrpe¥hted

as well, an electromagnetic wave treatnment is carried
in @umolten solder device, for readiness of post processing.

Furthermore, in the example shown iﬁ-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
themolten solder supplypiped. Asaresult, anelectromagnetic
wave enerqy amount_of a higher output is given to the molten
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
fo be soldered, and in this flux treatment step, an

electromagnetic wave treatment is applied to the flux liquid
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(el ectromagnetic wave treatnment 4). At this tinme as
well, an 10 el ectromagneti c wave treatnent is applied
to the soldering space (electromagnetic wave 6December 2006
treatnment 5). After soldering onto the board 12 ends,
the sol dered board 12 is cooled. In this cooling step
as well, an el ectronagnetic wave treatnent is
desirably carried out for the cooling space
(el ectromagnetic wave 15 treatnment 6). Although it is
. desirable that all of the above-nentioned
el ectromagneti c wave treatnents 1-6 are carried out,
it is necessary, in order to achieve the objects of
. the present invention, to securely carry out an
itsqldc (e bnaghenpgnehie vaoet teea treent 1aton easfiecitmotnhgnetic
preheater treatnment and in the soldering onto the
waYshatdepsnenhs i s ARMdied of® f the thbuspduieatant space

el ectromagneti c wave  treatnents_of the present
I T o YaXEni REBOLECTH| s,  Berts DeceRBEheater

cretHing dy féi%éf'&%géqn%&%é Boe TR0 St Franes ME%%&’#? Ko and
o SR 2 L oL st QLR .
appﬁ‘l'e‘éxtef o Rrh‘évﬂlz H8BeaPek Wp Myl aLe grS{ngghée %3{5?{61 £ r@?}éfrﬁent

treat ment. n order tO exam ne varl ods con ons

3) .théen abvyeriRGtHONSEHDWdaled 2et8Che ABGNELd Gl R xt as
treatnment, a nodul ated el ectromagneti c wave treat nent

weldgs earrekbsctotdmdlynetic wave treatment is carried out

(e

(electromagnetic wave treatment 4). ‘At this time as well, an
electromagneticwave treatment is appliedtothe soldering space

(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 electromagneticwave

. treatments of the present embodiment were examined as follows.
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a test apparatus shown in FIG 6. In FIG 6, a nolten
material 10 3 of the follow ng various types of sol der
materials was placed in a solder bath 17 on vh@egmber 2006
side walls heaters 2 had been provided, and a coi

15a for oscillating a variable frequency froma
nodul at ed el ectromagneti ¢ wave generator 15 was wound
around the outside of the heaters 2. 15 (a) Various
types of solder materials and flux material (A
Lead- cont ai ni ng sol der Sol der made from 63wt % Sn and
37wt % Pb  (B) Lead-free solder A solder flux materi al
made from 96. 5wt % Sn, 3wt % Ag, 20 and 0.5wt% Cu A

m xture of 20-30% rosin, a 1%or |ess am ne-based

act FU&t R LIuHO %R esBPFéRENtaY 2D Igred RBE) ilke)p pbjlulated

rrent val.ue and frequen of nodulated
ele% aﬂ?&%ﬁ&.“@ V& 7L B %%r’ber toosoridale tGAWaRad to a

%qugégr?Lif d EBbnve: (& “madepres 5°a§F?£PC§;§pV9FEaballty
at;qd, %]q% dp%%%%e%g%f%%¥$%Cﬁ§%{nEnt to a nolten

soI er 3 insi t hé "sol IMmMFIG 6 from the

(1) sworc@ﬂratilelag%lgfct&%ﬁla%te*& b Wi LG ngnge of the

above-described (b) coil current value and frequency,
theIﬂD|éﬁﬂbr . to examine various 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. 1In FIG. 6, a molten material

3 of the following various types of solder materials was placed
inasolderbath17onwhosesidewallsheatersZhadbeenprovided,
and a coil 15a for oscillating a variable frequency from a
modulated elect;omagnetic 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% Snp, 3wt% Ag,
and 0.5wt% Cu

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

(b) Current value and frequency of modulated electromagnetic

27




10

15

20

solder 3 in the solder bath 17 was poured in a nold 18
as shown 10 in FIG 7 to forman ingot. At this tine,
also in the mddle .of pouring the nolten sol@fgcemben?006
the nmold 18 as shown in FIG 7, in sone cases,. a
nodul at ed el ectromagnetic wave treatnent was carried
out at the coil current value and frequency of the
above-described (b), and in sone cases, the nodul ated
15 el ectromagneti c wave treatnent was not carried out.
(d) Qoservation of a cut surface Next, after cooling
the ingot, the cut surface was polished aftercutting,
t he polished surface was checked with a m croscope,
andnetal grain boundaries and crystal conditions were
waenEreaEmen20 Here, the ingot was cool ed and
solldlfled fromits surface toward its center portion
dﬁdep01én§u§H@P6nW@ﬁ@§r9pﬂs5§deﬁrﬂﬁbﬂﬁé fol | owi ng
are % phot os of 3 ggrt near the ingot surface shown
wi t HPA FEGAPPREN: POR~0PXEE0 times. 28 6 Decenber 2006
(C§:§0ﬂ§g§ result 1 This test result 1 is a test result
case where, after a nodul ated electronagnetlc

h
R s 1 L B e e OO
to %Ohl@ﬁﬁ:eﬁaggﬂjék% (s A ) so&BSr“BQ%ai?dln PG, £ from

el ectronagneti ¢ ~wave treatment was not carri e 5u
thd heuntggh@i 0fs peyr vy bhensane h‘l"l:ﬂlh? HHJadr%%g%hW the

in FIG 7. At this tinme, the <coil current val de was
abdvecatk satr ibhad?\(b padinedid et BEghH E requency, themolten
solder 3 in the solder bath 17 was poufed in a mold 18 as shown -

in FIG. 7 to form an ingot. At this time, also in the middle

oI pouring the molten solder 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

‘.abovewdescribed'(b); and 1in some cases, the modulated

electromagnetic wave treatment was not carried out.

:{d) Observation of a cut surface

' -Next, after coolingthe ingot, the cut surface waspolished
aftercutting, thepolished surfacewas checkedwithamicroscope,
andmetal grainboundariesandcrystal conditions were confirmed.
Here, the ingot was cooledand solidified fromits surface toward
its center portion in order, and photomicrographs shown in the
folio'wing are all photos of a part near the ingot surface shown

with a magnification of 100 times.
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waves included (a) no treatnment, (b) 50-5,000Hz, (c)
50--500kHz, 10 and (d) 50-20,000Hz. Results of the
above-nentioned (a)-'(d) are shown in FIG 8,6 P4ognbe, 2006
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 ectromagnetic wave treat nent
was carried out by the test apparatus shown in Fig 6
for the above-described nolten solder materials (A
and (B), the nodul ated el ectromagnetic wave treatnent
was perfornmed in the mddle of pouring the sane in
the nmold 18 shown in FIG 7. 20 At this tine, the coi
current value was fixed at 0.3A, and nodul at ed
(2)e|TedtY difghlet ik waves included (a) 50-5,000Hz, (b)
50- 500kHz, and % 50- 20, 000Hz for the treatnent.
Res'B’P{Lé teo?rt Fﬁéu& ol &SR fESEnEaSPAF -} @ree Whewe | after
Am % c 29 6 Decenber 2006 and FI G, 14,
Pedhaber el %C P g o R bREEGAFBE R e R griegd out by

endLL R8I0 LIRSS D PSR LB IRt
sollde® mb W8N 1Re Ve Qﬁérkﬁﬂ OHﬁe'ﬁo&ﬁ%é?gﬁmelgc{ro$9é§eéac

as nmentioned above urthérnore, a photom ¢crogra

- waviROlh ehethenIQh sSHbLAEE rrk BdaoGASEn WPRE Sl B le of pouring

above-nentioned nolten | ead-contadining solder
thengtae dh Ak waldusedsandnt e podul gt ednr thls time, the

el ectromagneti c

coil current value was fixed at 0.3A, and modulated magnetic
waves included (a) notreatment,(b)SO;S,OOOHz,(c)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 wave treatment was carried out by
the test apparatus shown in Fig. 6 for the above-describedmolten
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 coil current value was fixed at 0.3A,
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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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 | eadPgcgmber 2006
solder (B) of the (lI) (b) was used, and FIG 15 is a
result of a case where the |ead-containing solder (A
of the (1)(a) was used. 15 (4) Consideration of test
results 1 and 2 Based on the above test results 1 and
2, it can be understood that, conpared to the
phot om crograph (FIG 8) of the polished ingot
surface in a case where the nodul ated el ectromagnetic
wave treatnents shown in FIG 6 and FIG 7 were never
carried 20 out for the above-nentioned nolten

anq dakfi f reb ssRechigtelryal  (B), relatively uniform
eutectics were obtained in the photom crographs

( FI BNFHPE 1D, Phekampsrrgrerh olgapoddshegenggthsurface
. case ere € no ate | ect ronagnetj c wave
i S RT3 TROBh s AU b 1 e St fagtment s

N t .f t - ti d | t | ead- f
she e H a6 e S NS P bRE o FRAAS Bt iderst SBgwn
in P, d nud nt&tb‘?ate%f“é%ro aphs (FIG 12-FIG 14) of

t he polished I ngot surfaces in cases where the

nodgth 2t RrRbeEL b i , i
FIG 6 and FIG 'werelﬁ%ﬁ%%é%%%%%?%eg“f@e

in abavesdrenid enethdrdb@re heaek { 6080 SRb Pesn MRESALEbn¢Blning
further uniform eutectics were obtained conpared to
soltdwe material (A) was used and the 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

(1) {a) was used.

" (4) Consideration of test results 1 and 2

Basedon the above test resultsland?2, it canbe understood
that, 'co'mpared to the photomicrograph (FIG. 8.) of the polished
ingot surface in a case where the modulated electromégnetic
wave treatments shown in FIG. 6 and FIG. 7 were never carried
out for the aboveémentioned.molten lead-free solder material
{(B), relatively uniform eutectics were obtained in the
photomicrographs(FIG.9~FIG.]JJ of thepolished ingot surfaces

in cases where the modulated electromagnetic wave treatment
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phot om crographs (FIG 9-FIG 11) of the polished

i ngot surfaces 10 in cases where only the nodul ated

el ectromagneti c wave treatnent shown in FI G @Daggamber 2006
carried out. Since, in the photom crographs of FIG
12-FIG 14, uniform eutectics equivalent to or above
t hose of the photom crograph (FIG 15) of a polished
i ngot surface obtained fromthe 15 above-nenti oned

| ead- contai ning solder material (A), which has been
conventionally wi dely used, were obtained, it becane
clear that, by carrying out the nodul ated

el ectromagneti ¢ wave treatnents of the present

enbodi nent, even a | ead-free solder material can be a

- showgpiaddhfent ¥of GRUiRf oot &Phi Hie sbodermes thaned mplten

1 Flnf %a est abl i shed reputation for its perfornmance.
ea0n LX§E SPdAeL Paksd idilscder ed that not only appl yi ng

B e L 2 o
pho%ﬁ&c‘i%r 'i:%hﬂgl OPE‘IG?‘”D reagéd 1%]) ﬁe‘é ”gg{ e12 &4 ingot

el ectro C wave ment

surPaekisng nt i&%se@mwﬁ%'}esqrf@rmd&fipefoéafeéﬁ% at&r%é’&lc? wave

(5) Result of application to an actu

.tre@tmanket swawd dhpriypesnehl §@bde?'@8rgqy%§ﬁ &ar]’.sle out,

shown in FIG 1, conductive wires on the board 12 o
fortiiee akeviccaraitdiotiedRYleenl aad- £oa8 weligs- ﬁlsf;@kaahS(B

13a of the sem conductor chip 13 were soldered. FIG
furtBers wisiaen seatieondksviwaré nobtaasedwhesafd®€r to the
photomicrographs (FIG. 9~FIG. 11) of the polishedingot surfaces
incaseswhereonlythemodulatedelectromagneticwave treatment
shown in FIG. 6 was carried out.
3ince, inthe 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~mentiocned lead-containing soldermaterial (A}, which has

- been conventionally widelyused, were obtained, it became clear

that, 'by carrying out the modulated electromagnetic wave
treatments of the present embodimént, even a lead-free solder
material can be a replacement for a lead-containing solder
material having an estab,lish-ed reputation for its performance.

In addition, it was discovered that not only applying

amodulated electromagnetic wave treatment to the molten solder

inthesolderbathshowninFIG. 6butalso carryingoutamodulated
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termnals 13a of a sem conductor chip 13 were inserted
into 10 through holes 12a provided in a board 12,
conductive wires on the board 12 and the t er mthRgosemb@£006
of the sem conductor chip 13 were optinmally sol dered
via the through holes 12a. Simlar to the conditions
of the above-nentioned test result 2, the coil current
value is fixed at 0.3A, and with 15 regard to the
nodul ati on frequency whose frequency tenporally
changes, on (a) No treatnment, (b) 50~5,000Hz, (c)
50~500kHz, and 20 (d) 50~20, 000Hz, a nodul at ed
el ectronmagneti ¢ wave treatnment was applied to the
sem conductor device 9 before sol dering, a nodul ated
eleqtg@nasigdnist e Yme aatagntedn whe aipidled ofoppheing the
nol ten solder 32 6 Decenber 2006 3 in the nolten
mo &0 Id®dp Iy gilse W14 faffiardrintt e, a nodul at ed

§L%?§Lﬁ§§%?$g | 852’%¥§ét155§%g§2%9i. SucbRrbAL tg%a&ﬁggh
| . 5 ; .
Cer B nirs “9Ban | hEFneBhe Rip thiee nERh) 5618851, dekbes 1
shodherié nerdodyl ated leqtLonpanet i ¢, \rl:gﬁg Earo%z}%ig')al_r% d;')afl\laéhe

appl'i ed with fhe above-nmentioned co i ons

serdR@ndul &3S &% Wiker & spldesd M &f i dde SEM LONIUER 9T oF the

devi ce 9 was

‘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 0.3A, and with
regard to the modulation frequency whose frequency'temporally
changes, on
(a) No ﬁreatment,

(b} 50~5,000Hz,

(c) 50~500kHz, and

(d) 56~20,000Hz,

a modulated electromagnetic wave treatment was applied to the

semiconductor device 9 ‘before soldering, a modulated

‘.electromagneticwavetreatmentwasappliedtx;themoltensolder
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carried out while applying a nodul ated el ectromagnetic
wave 10 treatnent are shown in FIG 17-.Fig 22 as
phot om crographs with a nmagnification of 25 t&Besember 2006
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 sol dering
treatnent was 15 treated with the above-nenti oned
conditions (a)-(d), respectively, in order. Here,
FIG 17-FIG 21 are results of cases where the
| ead-free solder material (B) of the (1) (b) was used,
and FIG 22 is a result of a case where the

3ipdde TE%‘E%IP APhEes su@pplya iare 4) areofy)hefmete, & pdudpted

1das In addition, the hoton1crograph of FIG 19
5 ‘b’&%‘"%g%%?ec WRNEr eE 3 e He 152RP 519 Sonthrl seprigonductor
otted line {p) of Fig.1l6, soldering was carried out

def%é%e%pectlvéfcondltlons after a 33 6 Decenber 2006

I r t.or eat
280%% Egg€%|23%1 ﬁ%?%?gh dedst . ?%n%ﬁg+??%n,aﬁPEPd22the
I red 0
st SR SOUIR o B0 B

122208 ¥4 s @h@‘i@%@h@@u@a@‘éﬁrQI@SE?BfﬂS WeVe: whve treatment
treatment. In FIG 17, a result of s% I defing on e

wa salppa-inehtiianed heC abdivel-RRBntabneid kewd e 1epdul @b &Qd and
el ectromagneti c wave treatnent is shown, and it can

in maswlerstoodsehidrime Ol hed semiconductor device 9 was

carried out while applying a modulated electromagnetic wave

treatment are shown in FIG. 17~Fig 22 as photomicrographs with

amagnification of 25 times. The photomicrographs of FIG. 17,
FIG. 18, FIG. 20, and FIG. 21 show. .cases where, in the part
surroundedbyakatedline(a)ofETG.16,solderingwascarried
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.(l)(b) was used, and FIG.

'22isatesultofacasewherethelead—containingsoldermaterial

(A) of the (1) (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.16,

soldering was carried out in respective conditions after a
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has not sufficiently intruded in the 'gap between the

through 10 hole 12a of the board 12 and term nal 13a

of the semiconductor <chip 13. In FIG 18, a r&keemnbef2006

sol dering carried out while applying a nodul ated

el ectromagneti c wave treatnment with the

above-nentioned condition (b) is shown, wherein the

sol der has 15 , sufficiently intruded in the gap,

bet ween the through hole 12a of the board 12 and

termnal 13a of the sem conductor chip 13, indicating

that sol dering has been satisfactorily carried out

even in the narrow space. In FIG 19, a result of

sol dering of a part of the termnals 20 13a of the
SO%Q#E%Q%d%E?%Fm@ﬁFpWE§c%ﬁ?@%@ﬂouﬂthtE¥QK@b©V©nd?€b¥ibed

in FIG  16) with relatively few obstacles in an end
COIbCEJrH%(be tlﬁ"ea%%aﬂ%dE&t%o@?o%wé%aga«miwf@%ﬁpwﬂamg
ﬁaéiég%¥f ted .electro net.i c ve treatnent for the

AB6VETenTHbrdd US84°6 Tt ~ SN e SPPLERT(Bj teEial

sh er el sol.de f.ficlientl I ntyuded
(2 T BB R o TATHY) cS180 b st bbSr guave
tred i termnal 13a of the sem conductor chip 13
indicating that soldering has been carried out in the
nosins@td SHagt e s CoRdss1 Q81 Mg IR tREESSN e —ment i oned
enbodi-ment. In FIG 20, a result of soldering of a
comparticof t(he teftheat a3acefulbedsedicendusighethbp Wadve
carried out at a position with relatively many

- tregligteand] és shoungembd alt pant kenuaberB@ood 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 meodulated electromagnetic wave - treatment with the

. above-mentioned condition (b) 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 slemiconductor chip 13,
indicéting that soldering has been satisfactorily carried out
even in the narrow space.

In FIG. 19, a result 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 fe_w 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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sem conductor device 9 with the above-nentioned

condition (c¢) 10 is shown, wherein the sol der has

sufficiently intruded in the gap between the &becesomyer 2006

hol e 12a of the board 12 and term nal 13a of the

sem conductor chip 13 to an extent approximately the

sane as in FIG 19, indicating that sol dering has been

carried out in a satisfactory condition. 15. In FIG

21, a result of soldering carried out while applying

a nodul ated el ectromagnetic wave treatnent with the

above-nentioned condition (d) is shown, wherein the

sol der has not sufficiently intruded in the gap

bet ween the through hole 12a of the board 12 and
copgttri ¢ral (Q3d pfshdven s sdiezsidudtiher sofider P@s18uffackrGtly

a result of solderiga%carried out by use of the

. 22, .

INHRET It &Pfi RGP S'of et ithrouap WPiRolida aphitjengoard
12 FH B Ben 306 85 BRCDEe e et St iah 1) Lpgicating
, 0.t [.der.h X fficiently,

e bR B eRoat eaihl et (4 duih s TasaFbataptory

cortdig Qa1 %@%édseérm '@ﬁbcﬁd%ﬁnéﬁ%t he sem conduct or

chip 13. 5 In-addition, although this is _
uni fhusta.aped.a aesqieals ggldéwhg%ft% ;rtt‘r’g%g%?e tErhbBa1

el ect romagneti c wave intensity 18§

13aAocarih By contiukeeanth ch & chhal ed W RRR ORIsBL.IN with

relatively many obstacles in a central ﬁaortion of the

semiconductor device 9 with the above-mentioned condition {c)

is shpwn, 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
the same as inFIG. 19, indicating that solderinghasbeencarried

out in a satisfactory condition.

" InFIG. 21, aresultof soldering carriedoutwhile applying

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 inaterial (A) without applying a

modulated electromagnetic wave treatment with  the
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sel ecting the conditions for a nodul ated

el ectromagnetic wave 10 treatnent of the present

enbodi ment, soldering excellent in wettabilit)s Reamber 2006

carried out by use of the lead-free solder nateria

(B) . Moreover, it was discovered that, according to

the nmet hod of the present enbodi nent, satisfactory

soldering is possible even in conparison with a case

where the 15 | ead-containing solder material (A) was

used. Enbodi nent 2 The present enbodinent is, simlar

to Enbodinent 1, a flowtype soldering nethod,.. and

this is an enbodi nent wherein 20 soldering while

carrying, out a nodul ated el ectromagnetic wave
abqyegigRintoned eandiddosut dbyi susbown, ahenait the sldry has

Mbdul at ed el ectronagneti c wav

mat erj.al.. (%), . ‘ e
nok Pélgflrjr&ﬁtenltr]r or-BEF LGB filYRe deRePFEFES TSt RO Adinaushs hole
o f 36 200 b -nmenti oned dul at ed .
12 D R R A R B

3 el ectromagnetic wave treatnment was carried out by the
test apparatus shown in FIG 6. (a) Various types of

I tier 4l :ef | d
o TG B BB RSO i

“sdTRES oM 9écOMs%d Bnihe S % AGma D WD QtebSlity is
Sol der made from 97. 5wt % Sn, 2. % Ag, . and 0. 5w % Cu

tod Bt rBalgder made from 98. Omt % Sn, 1.5w % Ag, and 0. 5wt %
‘Cu Flux materi al

Accordingly, it became 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 sqldering'method,,and this is an embodiment wherein
soldering‘while carryihg'out a modulated electromagnetic wave
treatment is carried out by use of a lead-free solder material.
(lf Modulated electromagnetic wave treatment

In order to examine the various conditions for the
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10 A m xture of 20-30%rosin, a 1% or |ess am ne-based
activator, and a solvent (al cohol or the like) (b)
Current value and frequency of nodul ated 6 December 2006
el ectromagnetic wave treatnent (A) Coil current val ue
0.1-'5A (variable) 15 (B) Mdul ated Frequency
20Hz-1 MHz (c) Sol dering A 30x30mm si zed test piece 23
by providing vertically 6 x horizontally 6, a total
of 36 circular copper foils 21 with a dianmeter of 3nmm
on a plastic sheet 20 as shown in the plan 20 view of
FIG 23(a) was prepared, and at each center portion
of the copper foil 21, a 0.8mmthrough hole 25
(enl ar plan view of FIG 23(b), side view of FIG
ab OZGE( @)Gangtimqﬁ @vduéateﬂfqleaciamtaﬂrr@tm wedeltatestment, the
ectromagnetic wave treatnment 37 6 Decenber 2006
1o Urlcﬁﬁet & ST ORI Ofaife tesId@efatis] FarrirdGogt by
theQ:e m)Ite;Ef sol. der 3|nthe bath 17 within the
ge SPRHE 16T &Gy 1Y 851 %0i®- current val ue and

f t d fest .
o SR B P TS A diop S el
f o 2 h h I
“’E}ﬁlsﬁ%@é‘%ﬁ{a?%{ EQO** 9@3‘3&?%%6%’?5%%" i 8e8vs3 Co

tmpmcienenzala@omem @@I §u2B ¥@s bﬁﬂ{ r oY%t s
wettability of the Sn- AgCubase no %s\é{ﬁ er vv‘gg cu
canf igdmRibr (nddeT€Sbmr 83UbNtE Sn, 2.0wt% Ag,. and 0.5wt3 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 0.1~534 (variable5

(B) Modulated Frequency 20Hz~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
viéw 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.

After applyingamodulatedelectromagneticwave treatment
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10 Simlar to actual soldering steps, a conparison was

carried out between the cases where a nodul at ed

el ectromagnetic wavetreat nent of the sol der |6 @geeniber 2006

and flux liquid and a nodul ated el ectromagneti c wave

treatnment in a flux treatnment step, a preheater step

and a solder treatnent step were carried 15 out and

cases where no nodul ated el ectromagneti c wave

treatment was carried out. In addition, for an

i nfluence of an Ag content ratio of the

Sn- Ag- Cu- based sol der, the through hole effect of the

solder 26 via the through hole 25 of the test pi ece

23 was observed 20 as shown in FIG. 23 (b) "and FIG
fropg(the. syreoufBegsoP fheughldesl bathhilgh iha¥&CGhéetio the

wet t ed gnd have risen was cal cul ated anong the 36

mo tl%“oﬁaiw %Bl %nztéle Ra&hi } § watbignbhm riemorapf etf@ fogggging
(b)Qgglybl{ re ﬁTabI %# Modul at e Sn: A _pu
t Fear metlt 8? EIUREGY 1 TS (& g@@l@@dOtSSt

pich) 8 J5raeod %;di 2 50 58 58 a8 018 cdn pBCSaeRCate

of h@@%ﬁﬁ@bhﬁdlrising of a solder 26 (through hole ability)
onto the gppe;'surfacerof the test piece 23 through the through
hole 25 was observed, whereby wettability of the Sn-Ag~Cu~based
molten scolder was confirmed.
{2} Test result 1

Similar to actual soldering steps, a comparison was
carried out between the cases where a modulated electromagnetic
wave. treatment of.the solder liquid and Fflux iiquid 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 nomodulated 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) and FIG. 23(c). The number of through

‘holeswhidhhavebeenwettedandhaverisenwascmlculatedamong'

the 36 through holes 25.

Results are shown in Table 1.
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(A) It was confirmed that an effect was provided in an
i nprovenent in through hole wetting and rising by a
nmodul at ed el ectromagnetic 5 wave treatnent. (68)ecember 2006
was di scovered that even with a 97.5%5n- 2. 0%\g- 0. 5%Cu
alloy, a through hole effect was obtained to an extent
the sane as a 3. 0%\g-containing alloy when a
nodul at ed el ectromagnetic wave treatnent was not
applied. 10 (3) Test result 2 (nmounting test) By use
of the sanme test piece 23 as in the above-nentioned
test 1, soldering of a 96.5%5n-3. 0%A\g-0.5%Cu al |l oy by
use of the soldering device showmn in FIG 4 was
carried out by the above-nentioned

[Tahlepdlel ectronmgnetic waves. At this tine, 15 a

conpari son was carried out between the casémduierteda
nodihakgdCuel ect riomagiiet t ceavavent r eat{mertl eaft ridt@gnetic
solder liquid and flux liquid and a {noduhaé ebreatment

electr gretic vave tre t 1na fllux 39
Dggé%bg?BZQO% treatnentaéygg, a preheater s§§ﬁ§6and a

ﬁ@#g§!2t5€§§§ﬁnt step mesfg%rried oyt and c§®2§6where

0 modul at ed” el edt r omagné wave treat nent

Sﬁzyigg @us . s n qrder tolﬁzgggnize t he diffe;gpé% In |

ect 0o 5.li_npr ovene in the tthrough

weg thng. ang €i sing betmeqﬂthe " nmodul|{at ed 20/36 .
i ve treatnment. and n treatnen(, t he
sizes of the solder dianeter and flux dianeter were

nmeaStr 68" B sppRefEdRi Febke Results are shown in

Tabl e 2. .
(A) £ was Confirmed that aneffect was 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%3n-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 liguid and flux

liquid and a modulated electromagnetic wave treatment in a flux
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[ Tabl e 2] Sol der dianeter (mm Flux dianmeter Test

(mm No. Mean CV (a) Mean. CV (0) No. 1 0.64 4.5

1.20 19.5 No treatnent No. 2 0.58 8.1 1.33 6.68ecember 2006

Modul ated No. 3 0.88 5.4 3.00 3.3 electromagnetic

wave treatnment No. 4 0.90 2.0 3.07 10.6 10 The

followwng is recognized fromthe results of Table 2.

(A) The sol der dianeter and flux dianeter were both

i'ncreased in expansion by the el ectromagnetic wave

treatment. This is considered to be a result of an

i nprovenent in 15 the through hole wettability, and

the influence of a synergetic effect on an

i mprovenent. in the flux adhesion and wettability 40
treg RedEnBELP200 6 raheadiaso st eivsi deferl scd deer greatmeiB)step

From CV (0/%1 = standard devi ation/nean x 100, as well,
wag carzdednalf pd Ga56F MsreanouRedehnted ekprrmrgratic
"‘\T‘:_;lvteheC eegiltect o netic .,process is small, an stable

PSR MR F8 TS 18R GUdh hole wettability is -

recognj t :hole effe as a result of _the

wot oo FERy SRRl S Eh on @i LE0he S1edf o
improvement in the through hole wetting and rising between the

Amodulatedelectromagneticwavetréatmentandruitreatment,the

sizes of the solder diameter and flux‘diameter were measured
by slide calipers. Results are shown in Table 2.

[Table 2]

Test ‘Solderdiameter (mm) Flux S;Smeter
No.
: Mean - Cv (%) Mean. CV (%)
No. 1 0.64 4.5 1.20 19.5
No treatment -
No. 2 0.58 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

). _
(A) The solder diameter and flux diameter were both increased
in_expénsion by the electromagnetic wave treatment. |
| This is consideréd to be a result of an improvement in
thethroughholewettability,andtheinfluenceofeasynergetic

effect on an improvement. in the flux adhesion and wettability
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in an inprovenent in the soldering stability. In
addition, in a process where soldering is being
carried out by circulating a soldering |iqui & Rdcember2006
96. Onmt %6n, 3.5wt %\g, 10 and 0. 5wt % Cu by use of the
sol dering device shown in FIG 4, dross (an inpurity
(oxidize), etc.,. floating on the nolten solder) is
produced on the surface of the nolten solder 3 in the
sol dering device as shown in FIG 24. This dross can
cause an obstruction such as a bridge during
sol dering. 15 However, when a nodul ated
el ectromagneti ¢ wave treatnment of the present

. invention was carried out for the solder liquid in

is e adEidprafeicesmgrin FIG 4, the dross
di_sappeared -as shown in FIG 25 (current val ue 0. 3A)

(Blafhgom & (95 cdandand d@é('liééigﬁéﬂ)eg‘npérltoioouﬁﬁr"F%/l,l:i At can
_the,case o i gher current 20 val ue a hown in
be WS R e P o B W e

BB P S S Tty e
| thrRRigh nbDE wéd;'t%%tlgec Qé%&%&d .S“ﬁpé%f&\‘ll@if gl‘é 120¥Fect

inFIG 1, a conducti

as W 100bk)th S werYRE 1A Enb PEvELLL E J%Q\é’l.sgafﬁcaagénizad

the li ke, and coil w nding method t'herefor inc

~in the itpldovweg tmehheds b1 iRl ed 40fi 1WiRdi ng a coi |

around a fluid path 5 B. A nethod of separately
confreatidig ians hior & pptqueedOwhekk Wl depdinky 88k aMnRAESEried
in the short pipe, a coil directly onto the
out by circulating a soldering liquid 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 0.32) 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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fluid path (supply pipe 4 of FIG 2) C. A nethod of
winding a coil onto a coil installing nenber (coi
installing nenber 18 of FIG 4) connected to & BP¢oginder 2006
flow 10 path provided in a short pipe For a sol dering
‘device to carry out an el ectromagnetic wave treatnent
by the above-nentioned nmethod A, B, or C, in the
‘nmodul at ed el ectromagnetic wave treatnents 1-6 shown in
the flowof FIG 5, the method B or Cis effective.
This is because 15 these nethods are sinple as
treatnment methods, and for an incorporation into a
sol dering device, a subsequent fitting is possible.
j L Qor. the shar.t .pipe in the above-nenti.o
cond A o Be R T a5y Seihd AR Eofrdetithglow
flui d .pat b a rL rovided on
Pt SR ES: g BorPro2 o ranp B ap P BRSPS e taes
theS AdaowsHP e e 4) of the short pipe 16 by spot
wel ding (FIG 27 (a)) or a nmethod of tightening and
A. T xiethoat pEU WaGIdirN Dfcdine ashafda Ri pe Uil txdihe fluid
flow 42 6 Decenber 2006 path (supply pipe 4) by a
B. Bamdthdd(&f GepdtH)¢lexi@inedsingtdh et rftophipendiong £heid
electric wire (coil) 15a onto the coil installing
patieabdrwiigdongt hin [tiHee sharsi pgbe, W neti irlg dimetcddd onto the
wherein a coil 15a is sinply wound onto a coil ‘
fluigspalthi dguppdenipdpeld iof dider 24s in FIG 28 and a
|l ap Wi ndi ng nmet hod wherein, after a coil is wound
C- iAnE‘F?E‘Q,Odf BFt HePdERer @ofichl contoia g@bhdinstalling 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
flowof FIG. 5, the method B or 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 C, 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

pipée 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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as in FIG 29 can be nmentioned. As such, by providing
a coil portion having a coil 15a wound by single

wi ndi ng or a double or nore |ap w nding on t HeDeagmber 2006
installing nmenber 18, an effect 10 is provided in that
the intensity of generated el ectromagnetic waves is
increased. In addition, in a case where the coi
installing nmenber 18 is connected double to the fluid
flow path in an adjacent manner, as in FIG 30 (a) ,
a w ndi ng nethod wherein, after single 15 wi nding onto
one coil installing nmenber 18, the coil 15a is
successively wound onto the other coil installing

P BT AR Sy {/%é?gﬁ{ll\/\%%g&ifé; :éé’%'g@f fﬁ%“h%%%Q?s
I
v i (RN B rﬁ')rezéc%i”ﬂ"a Bhto

thé:lc%J.lBQL(n“s)t'alVﬂJ, %m‘b‘%ra 1g o %h%f &Zﬁ{ %ﬂgsl,nga wg{liﬁigng

figure o can be nentione

metgﬁﬂﬁﬁﬁéﬁ_@ln% @Siiqr%ﬂ@éﬁnﬂ@@%uﬁarbrp@o %'é’cﬁﬂ hﬂs@alllng

wi de range, and an effect to increase the Iintensit
menars18 irddr &e Paeeitber ¢ 2Q30an&XbDAH W&&Hl%g'xﬁbﬁmﬁj whereln
present enbodi nent, a ref |[ow soldering nmethod wll
aftle desolilhed.wdurd 1lﬁls(£de31fu&tﬁledetﬁéh§6ﬁta Gdlilagkafbund
FIG 31(a)) and a plan schematic diagram (Fl G
n( BY§-. 029 acarefdeomesntlideeidng Adevicle, ane pgltomnling a coil

- portion having a.coil 15a wound by single winding or a double

or more lap winding on the coil installing member 18, an effect
is provided in that the intensity of generated electromagnetic
waves is increased.

In addition, in a case where the coi.l 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 15a winding methods in the case
where two coil .install'ing 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 arid winding in a
figure of eight can be mentioned. 1In this case, the generated
electromagnetic waves canbe given in a wide range, and aneffect

to increase the intensity exists.
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In a soldering device case (unillustrated) provided
wWth an entrance and an exit through which a
sol dering object 30 10 with a cream sol der apdPeceuiber 2006
and its transfer 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 soldering
object 30 and its transfer 15 unit. The sol dering
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 fromits outside
by heaters 32. Moreover, in the case, air is
circulating and outside air hardly intrudes. 20
Em%%é&w?é}célthe sol dering object 30 is carried out at
o two [ t.er_zo i_a a. sol der, .
el Frre o e s 8 MG = SR s Bl fLiFini hod wint
be lReraldy e is unified and the flux is activated in
the preheater zone Si, and soldering is 44 6 Decenber
2006n saclied, odtsidet BEnERAHEE ARAGEAE 7P1€. S31(a)) and
Subsequently, the soldered soldering object is cooled
a dlard sehehiand <z anagbdm, l(r1al| 30fiby heoabgves FESL | 9888ering
three -zones S1-S3, the soldering object 30 shifts in
deva geegimen sdwwwmaunded by the coil 5, portion 31 to
generate el ectronmagneti c waves, and the sol dering
obj éeta 80ldadingldterigmtreskalunikhbisterared) provided with
el ectromagneti c wave treatnent fromthe coil portion

- an gptrance and an exit through which a soldering object 30

withacreamsolderappliedanditstransferunit (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 6ut at two
stages, and a preheater zone Sl and a solder melting zone $2
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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In addition, while confirmng by an el ectromagnetic
wave nonitoring apparatus (unillustrated)' that the
effective 10 el ectronagneti c wave intensity rc&id¢rember 2006
range on the order of approximately 500mm fromthe
coil end portion,. a coil wnding position of the
coil portion3l is disposed at a position close to a
sol dering part of the soldering object 30 as nuch as
possible. 1In addition, it is necessary to adjust the
coil spacing so that 15 the coil portion 31 for
el ectromagneti c wave generation does not prevent heat
to the: soldering object 30 fromthe heaters 32
QVi er -and | ower._positio of, the cail '
calsj{)lr%(% g’ﬁﬂ gr}t < =% (ﬁra{ﬂﬁgﬁgﬁll, p”BRT vitren sequently, the
50 %&gcf QBRGGL V}ﬁ%’fectz.oi[é rgo%hf%]c{ yirﬁnad &%i ' r?cgazccln{]eq S3.
etween two adjace coils 1n'the “coll por%l nis

showp kD1 FLE tBa, abbv¥asefeRbhEAEdL LAt zéﬁ%%f ;ggss? the

spaci ng between the two adj acent colls at nm " no

soliddfdliugnedjew@s3gi Menrt o ithe +egpshatwFrLorh@ld e, the Eoil
Decenber 2006 In addition, by attaching a tenperature

. pordeinsoll to ddreereispedbicteonagheans wivddeasalder sobiigeing

and actually carrying out a reflow treatment as set,
objesdt BAgrodHod deer mateirédlokceite aurt efpetabmagnetic wave
condition (solid line) alnbst simlar to a 5

- trepdmeatattyos ddediadidn Ragdticed 3li.-ne) set as shown in

FIG 32. (1) Mdul ated el ectronmagneti c wave treat nment

Thel? AP ovhél e GEagHdd BY vl 3. egerenagag ticom ve

monitoring apparatus (unillustrated) that the effective
electromagnetic wave intensity reaches a range on the order
of approximately 500mm from the coil end portion, a coil winding

position of the coil portion 31 is disposed at a position close

- toasolderingpartof the solderingobject 30 asmuchaspossible.

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

coil portion is shown in FIG. 33, it was confirmed that securing
a spacingbetween the two adjacent coils at 30~70mm, no influence

was given to the temperature profile.
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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 tHPeember2006
wettability by an electronagnetic wave treatnment, it
IS necessary to nmake the electromagnetic wave
intensity appropriate. Based on the data shown in FIG
33, if the electronagnetic wave intensity was too

hi gh, the spreading of the solder onto 15 the board

i ncreases, and the sol der overflows froma copper
part, which is a conductive portion of the board, and
spreads to the plastic sheet. In such a case, the

el ectronmagneti c wave output is |lowered to an
appFBp?@%%El@%r ukY %QSa@M’éI‘éranﬁF@Pﬁéﬁtaﬁ@ $EUROr to the

I Ag:Cu = 96.5:3.0:0.5
resPﬁq%l' saggaonsva# Eheis ngé'%@%@%él&an%?rrymg

outSAM BN FRIRLG, HROLLES! HEELa Ry BhRTY B¢ %ﬁam%@leaut
at %|$QREQQQQQ%%'%oné@t?oEEZ§HE§d %98%& WavEsLr gl ar to a

Coi | current value: current va

temp@rrla%bﬂr_% behweenoR:- 1adfkedim {he) ;\HEE*&G 32.

the value was fixed to an optlna ue o for a
(1) pHobiugBteeX eassittend ghrtgadingk 't'?:e%t‘ﬁfé?& where the

el ectromagneti c waves were too strong. . (B)
Modrhat iwretis soyient ye 1 @tZohdditetic waves generated from
the coil portion 31 is almost proportional to the coil current

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'plasticsheet, In 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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(4) Test result By use of the follow ng three copper
test pieces (A -C, 10 a solder spread test (test 1)
and a strength test (test 2) were carried outé Rdcember 2006
the followi ng solder tenperatures and el ectromagnetic
- waves. Plate A: 150mm x 150mm x thi ckness 1nm Pl ate
B: 50mm x 50mm x thickness 0.3mm 15. Plate C. 10mm x
10mm x thickness 1mm Sol der tenperature: 235C, 240C
(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 20 in the
pl ate B, and this plate B was placed on the plate A
WaVA tto}_;alt nine plates B were placed on the plate A
(B) A& ™Hppl ying a cream sol der to the plates B from

Fr oty B81 Sey B R I B L RS BT GuR oHECHohag 15
vaﬁlrg}:fl%d%@th@:ehhf hotgs inesul t}gggégn@ S cllt I<=~9nntn, ttheer Gatue

| 'ar ge’ nunber of spot's 33a an Vet e

wadlat@d fo é@oﬁtilﬁéll@éﬂiﬁée@f r@{‘tfd’ia% ﬁ@(}f}'l@% QUL CBYsive

the device showmm 5 in FIG 31, sol der spreadi
spreantding)oas @rcatst@w@leabetﬁewﬁec@@@m&gﬁétp@%ﬁ% thR&e too

nmodul at ed el ectromagnetic wave treatment and no
strargat nent by use of slide calipers.
(Bf 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 Ilmm

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 opéned
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 (¢},
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Dat a about dianmeters of spots placed on, the plate A
through the $4nm and 43mm hol es of the plates B at
235C is shown 10 in Table 3 and Table 4. |n dtdeaember,2006
data about di aneters of spots placed on the plate A

t hrough the +4mm and 43mm holes of the plates B at
240C is shown in Table 5 and Table 6. [Table 3] +4mm
235C Modul ated Test piece No treatnment

el ectromagnetic wave treatnent 1 4.25 mm 5.10 nm 2
4.90 4.90 3 4.90 4.95 4 4.15 5.10 5 4.90 4.98 Mean
4.62 5.01 15. [Table 4] 48 6 Decenber 2006 43mm 235C
Modul ated Test piece No treatment el ectromagnetic

. . 2 3.40 3.34
thdBY Pal L SR MR ot S 205 0 342 M9 2,349, 3,34 | condition

where a large number of spots 33a and 33b were left on the plate
A.

(C) A reflow treatment was cai:ried 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 tfeatment by use of slide calipers.

'DataaboutdiametersofspotsplacaﬁontheplateAthrough
the ¢4mm- and ¢3mm— holes of the plates B at 235°C is shown
in Table 3 and Table 4. In 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]
¢dmm 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
5 4.90 ‘ 4.98
Mean 4.62 5.01

[Table 4]
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3 3.40 3.40 4 3.15 3.42 5 3.35 3.40 Mean 3.28 3.40
[ Tabl e 5] 4)4mm 240C Modul ated Test piece No

‘treatnent el ectromagnetic

wave treatnment 1 5.@00sosmber 2006

5,40 mm 2 5.05 5.40 3 4.90 5.42 4 5.02 5.41 5 4.95
[ Tabl e 6] 5 4) 3mm 240C Mbdul at ed

5.43 Mean 4.98 5.41
Test piece No treatnent el ectromagnetic
treatnment 49 6 Decenber

3.80 4.12 3 3.79 4.10

2006 1

wave

3.81 Mm 4.12 mm 2

¢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
3 3.35 3.40
Mean 3.28 3.40
[Takle 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
5 4.95 5.43
Mean 4.98 5.41
[Table 6]
~¢3mm  240°C
Modulated
" Test piece No treatment electromagnetic

wave treatment
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-4 3.80 4.12 5 3.78 4.10 Mean 3.80 4.11 As shown in
t he above-nentioned Table 3-Table 6, by carrying out
a nodul ated el ectromagneti c wave treatnent at &Pesember 2006
above-descri bed conditions, an inprovenent in "sol der
spreadabi lity" was recogni zed conpared to cases with
no 5 el ectronmagnetic wave treatnent. (b) Test 2
(sol der strength test) (A A hole of 4ilnmwas opened
in the plate B, and this plate B was placed on the
plate A. (B) After applying a creamsolder to the

plate B from 10 its. upside, the plate B was renoved,

then the solder was left on the plate A. (C) A ref

| ow trgat ment wag carrked by the |devicg s oga‘

FIG_31 at a temerature of 40C for {the plafe an

at thigs time, ajref |gwgpreatment whiere a4r:r@§ul at ed
ve-l5ltreatnent was not. cgrried out. (no

treatmgnt) and a|refl ow, 76reat ment where asgnpgul at ed

el-ectromagheti-c—W Seu30 6 Decenber 2006

carried out was carried,got. (D) The |pl at e4Ciwas

overtapped—in—a—solder—molt-en—condi-tHon—{(E)-As shown

in FIG5 35, the plate &.Was fixed to|a basg,10the

—by—a—toat—reast--nRg-rachi-ne—36;
wher éfgan ) 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 imprdvement 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 thé plate A.

(C) Areflow 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

treatmentWhereaimodulatedelectromagneticwavetreatmentwas
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5 atensile strength of the solder joint portion 35
was neasured. Wth regard to the solder area in .a
sol der joint portion 35 between the plat A ariPgskmbe 2006
C, an unevenness was given hereto by an adjustnent of
a pressing nmethod when the plate C was pl aced.

Results are shown in FIG 7. 10 [Table 7] No treatnent
Modul at ed el ectronagneti cwave treatment Sol der
Tensile Sol der Tensile Load strength area Load area
strength mm2 kg kg/ M m® kg kg/mm2 5.0 11.5 2.30
3.2 7.7 2.40 22.5 17.4 0.77 15.5 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 1.25
Mean 1.74 As can be understood from Table 7, an

_Caﬁ%ﬁ?%é§§:ﬂ?%tﬁ§IQ%ﬁQHQ%¥strength of the sol der j oi nt

roasPStea ehald 5 %ﬁvﬁal{aﬁfgﬁﬁ% S 1m¥onsmon
ot 8 ek Fr S on o TR8I bt o Bap Bingad a base,

theepliéﬁ%e@l s fhéh BS/CS”PSéd %’l%)éﬁsultl% R idLSs, whereby

ectromagneti c wave treat nent
a tensile strength of the solder joint portion 35 was measured.

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 pressingmethodwhen the plate Cwas placed.

Results are shown in FIG. 7.

[Table 7]} o
No treatment Modulatedelectromagneticwave
. ‘ . Lreatment

Solder Load Tensile Solder Load Ten311e
area K strength area X strength
- g kqg./mm? mm? g kg /mm?

5.0 11.5 2.30 3.2 7.7 2.40

22.5 17.4 0.77 15.5 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 _ 1.25 Mean 1.74

As can be understood from Table 7, an increase in the

tensile strength of the solder joint portion 35 between the

- plate 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
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- Enbodi nent 4 An experinent to confirman effect of a
nmodul ated 5 el ectromagnetic wave treatnent in iron
sol dering (robot soldering) was carried out d&December2006
follows. As shown in the plan view of FIG 36 (a) and
partial side viewof FIG 36(b), a synthetic resin
pl ate 37 has conductive termnal parts (copper
patterns) 38 at its top and bottom On 10 the copper
patterns 38, lead wire termnals 39a and 39b of
Y-term nal strips and a $lmmthread-1ike sol der 26
were placed, and soldering was carried out by a
soldering iron 42 between the lead wire term nals 39a
and 39b and copper patterns 38. (1) Modul at ed

- theemedinl 5iggh slice trepe Ieddciify e & rsiat@enthe sol deri ng

iron 42 was provided with a coil portion 43 to which
an electric wire had been wound, the extent of sol der
: L ing and wettability were observed in a case
Emb%ﬁé%%gg grmdulated el ectromagneti c wave treatnent was
cargl ed ot ;3de 14, 25334 phe M, £ WaS N0k,
car#?egxgutl no treatﬁ%ﬁt)rg% %ﬁt%qggb |c%¥¥%% %ﬁﬁg}ated

elebRoUhabadralt el | R G YR |6 0,50LE8HERY WaS (robot
carried out between the lead wire termnals 39a” and

sold8kiagy eappenrRatbiepns 38 Wolihokeati ng of the
soldering iron 42. 52 6 Decenber 2006 (a) Sol der
matzy ishlowandnf tiux pldrenviizly Afspiderz®fa)Sandop&utial=side
092, 50 3. 0: 0. 5:4.O0m % including

~view of FIG. 36(b)}, a synthetic resin plate 37 has conductive

terminal parts (copper patterns) 38 at its top and bottom. ©n
the copper patterns 38, lead wire terminals 39a and 39b of
Y-terminal étrips and a ¢lmm thread-like solder 26 were placed,
and soldering was carried out by a sqldering iron 42 between
the lead wire terminals 3%a and 39%b and éopper patterns 38.
(1) Modulated electromagnetic wave treatment
SinCéthesolderingiron42wasﬁrovidedwiﬁhacoilportion
43towhichenlelectricwirehadbeenwound,theeXtentofsolder
spreading and weftability 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 3%a
and 39b and copper patterns 38 with heating of the soldering

iron 42.
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an RVA (isopropyl alcohol and rosin of approxi mately
49 flux (b) Current value and frequency of nodul ated
el ectromagnetic 5 wave treatnent (A) Althougb Recember 2006
current value 0.1-5A (variable) is available, since
excessi ve spreadi ng occurs when el ectromagnetic waves
are too high, the value was set to an optinal val ue
of 1A. 10 (B) Mdul ation frequency 20Hz-I MHz (c)
Sol dering (A) Board: One gl ass epoxy resin board 37
with a size . of 132mm x 70. 1mm x thi ckness 1.5mm
Ten conductive term nal parts (copper patterns) 38 of
4nm x 15 7. 6mm are di sposed on the board 37, and are
oldered with a _4lmnthread-1ike solder 26. (B) Lead
(af e?ﬂfﬂ%?&atf@ghﬁjpe%“@e?h‘ilfﬁam%t%%aénd 39b plated with

o PR Ly Y b QP 00 LIPS uing
on KSR A FAOPE P A1 SopENtlnad o) 1
R i At e A o S
wave treatment

(A) Although a coil current value 0.1~5A (variable) is
availablé, since 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 witﬁ.a size
of 132mm x 70.1lmm 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 39b 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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term nals 39a and 39b was carried out by a sol dering
iron 42 in a case where a nodul ated el ectromagnetic
wave treatnent was carried out and in a case S@rsember 2006
nodul at ed el ectromagnetic 5 treatnent was not carried
out (no treatnent), and the extent of sol der
spreadi ng was confirned. As a judging nethod, a ratio
(%9 of the solder areal/copper pattern 38 area shown
in FIG 37 was determined by a visual confirmtion
and a result of the nmean of ten positions i's shown 10
in Table 8. [Table 8] (10 positions each, mean)

Modul ated Test piece (board) No treatnment

eleét;% netlc wave treatnment 1 65 % 100 %2 70 98
D9 REEWREN S-Ia CRRPaVRE &3 TEE TG0 S8 ARRSr H?ﬁa yhre

terf o%aﬁ%{iw%&' ids R U B8 RaLiRRang: Sien 2
in Qlcgg:sﬁwhgge agela%%bdoglggg%gﬁaggg%& Al erns hecane. o

carried out and in a case where a modulated electromagnetic

5 treatment was not carried out (no treatment), and the extent
of solder spreading was confirmed. .

As é 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 (boarxrd) No treatment electromagnetic
wave treatment
1 : 65 % 100 %
2 70 o8
3 ’ 73 100
4 | 70 100
5 75 100
Mean ' ) 71 - 100

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

15 almost the entire region of the copper patterns became possible.
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Enbodi nent 5 For the nodul ated el ectromagneti c wave
treatnment in the respective enbodinents, in addition
to the irradiation of 5 electromagnetic wave$ Dacember 2006
the standing coil portion, it is possible to provide
an effect upon soldering by use of electromgnetic
waves irradiated froma portabl e nodul at ed

el ectromagneti ¢ wave generating device as shown in
FIG 38. FIG 38 is a nethod for carrying out
soldering while 10 orienting, in a soldering object
direction, a longitudinal direction (X-axis
direction) of a stick nenber 46, fromthe

el ectromagneti ¢ wave generator 15, around which an
electric wre (coil) 45 to conduct an alternating

I ose frequency tenporally changes in a band
Emb%?l@%ﬁ; MHz has been wound. 15 This .is because, an

el egtf %gﬁ%i'u“ia%ﬁeeiQEEPéfmtﬁ%néglc vtﬂa?vg( t%astment in the

di rection an el ectromagnetic wave 1 ntensity
resbetYvaxignshd 8ddt) ofd hegenal ohotbhe % @ﬁf%dlat on of
directionin FIG 38 are shown in, FIG 39(a) an
eleEkGom%%bbklhE&@Q@%lYQbM,thBesthﬁa§ﬁ§l&Mllnpébﬁlghaxiﬁ is
direction is stronger than the intensity 20 in t he
pos¥ibles tth r ecbivddleasan S edfipatenipd o@ollbies ibbG bBOuse of
Therefore, for the nodul ated el ectronagneti c wave
eleckgammgnetiicomaves stradiing ecbifirapord imnriabidienodulated
respective enbodinents, in addition to the

elerira@RanESA CoNagEe SERBRAMREI devhEe6a Desknier 100K . 38.

waves fromthe standing coil portion, electromgnetic
waves. 38 1is a method™ for carrying out soldering while

orienting, in a soldering object direction, a longitudinal
directibn-(x—axis direction) of a stick member 46, from the
electromagnetic wave generator 15, around which an electric
wire(coil)45133conductanalternatingcurrentwhosefrequency
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
theY-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-axisdirection is stronger thanthe 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

25 -




10

15-

20 .

can be made effective while orienting the | ongitudina
direction (X-axis direction) of the stick nenber 46

around which the coil 45 has been wound to s&lkseinbe 2006
parts of "flow soldering,” "ref low 5 soldering," and
"iron soldering." In this case, simlar to the

el ectromagnetic wave intensity proportional to the

coil current value, the effective range of an effect

of el ectromagnetic waves fromthe stick nenber 46

around which the coil 45 has been 'wound al so

increases in 10 its range. Industrial Applicability

According to the present invention, by carrying out a

nmodul at ed el ectromagnetic wave treatnent of, the.
wavygSdain they shenchingereid, partden, opleGtrAYagBREAEI HgVes

f not, o the 15 ]| ead-contai ning solder paterial but
canlpg Qafiﬁgr’%%ﬁ-#vﬁe bt gEfenaPe it Topa b uf i i repFion

ol A 0 IR A s

i nprove

45 12%% g%ﬁ%‘%ﬂicﬁ% ISIO d'teg.g&?}\ﬁgaqctcsggf QG| wt$olt ?rgi%f” Ao flow

material w no ated el ec netrc

solWRME dd eatyiRNtv 2l sHef8fi9f£.~ the present-invention
is environmentally friendly,” and can exhibit
sol der itrg pechoemnggnietis Vabenthd 0 1Rt r@fhadhll®ic wave
conventional highly-eval uated | ead-contai ni ng sol der
intrmisdrtivabropat i Snappbi tabbe it asotsles €6108) atleSe Ppfective
every field 56 6 Decenber 2006 such as circuit
ranjgear deneff foeh chrlact pomdguietés,waatess from the stick member

- 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 electromégnetic 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-

fmaterialqntoasolderobject;wettabilityofthesoldermaterial

is remarkably improved, and intensity, etc., of the obtained
soldered object is improved compared to - -those of a solder
material.withbut a-modulated electromagnetic wave treatment.
Therefore, the:present'invention.is environmentally friendly,
and can exhibit soldering performance equivalent to that of
the conventional highly-evaluated lead-containing solder

material, and is applicable to soldered objects of every field
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57 6 Decenber 2006 WHAT IS CLAIMED |IS; 1. A soldering
met hod in which, out of soldering steps 5 of (a)
during sol dering, (b) before soldering, and (®Deetnger 2006
soldering, in at |east the steps-of (a) during
sol dering and - (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
sol der material, (e) a soldering object, and (f) 10 a
peri pheral portion thereof, and a nodul at ed
el ectromagnetic wave treatnent is carried out by use
of an electronagnetic field induced by the
ternatln rrent. 2. The sol dering nethod accordlng
SUC?]O tw:% o5 %é%&ﬂ%%‘&% SiGRIgn &t T
wave treatnent in the soldering 15 steps of (a)
during sol dering, (b) before soldering, and (c) after
sol dering includes at |east any el ectromagneti c wave
treatnent of an el ectromagnetic wave treatnent
(el ectromagnetic wave treatnent 1) to a flux liquid
itself in a flux treatnent step; an el ectronagnetic
wave treatnment 20 (el ectromagnetic wave tr.eatnent 2)
“to a flux treatnment space, an electromagnetic wave
treatment (el ectromagnetic wave treatnment 3) to a
preheater space in a preheater treatment which™ is
carried out for a flux-treated sol dering object, an
58 6 Decenber 2006
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el ectromagneti c wave treatnent (el ectromagnetic wave

treatnent 4) carried out during soldering, an

el ectromagneti c wave treatment (el ectromagnett Beogpber 2006

treatnent 5) to a soldering space, and an

el ectromagneti c wave treatnent (el ectromagnetic 5 wave

treatnent 6) to a cooling space in a cooling step for

a soldering object after soldering.. . 3. The

sol dering nethod according to Claim1l, wherein

soldering is a soldering nethod of (a) a flow type

whereby a nolten solder material is sprayed on a

sol dering object, (b) 10 a reflow type whereby-a

sol dering object with a cream solder material applied

is heated, or (c) a soldering iron type whereby

soldering is carried out by holding a soldering iron

to a soldering object with a solder nmaterial applied,
' I { or (e) an induction heating type. 15
WH%&) ‘Fﬁe@% erDi ?%e;rret hod according to Caim1, wherein

t he gol rial.J l;eads f.r ee d rial or
o B o indch A5PUpTE SRLYEE TSkl eeps
ofa¢a9r §indndg &&I & re ihhees58!

mgt gri al i% a%%fa&ergg'am}@y%g‘% Ogir?h %ﬁl}ﬁggéa'ﬁﬁgag{ aafnter
sobdeAdnbgasen &0 Bad\d-the RATDs 3% SE:) Aot ndasSrdéPing and

Sn- Cu ‘base, an Sn-Zn base, an Sn-Bi base, an Sn-In
(bhasefofe-l ddwivey, an S0tBirnkh iBgsSeur2BnbrwHesSiflafifoncy

or an Sn-Ag-Cu-Sb base. 59 6 Decenber 2006
temporally changes in a band of 20Hz~1MHz is applied to at least

any of (d) a solder material, (e) a soldering objéct, and (f)
a peripheral portion thereof, and a modulated electromagnetic
wave treatment is carried out by use of an electromagnetic field
induced by the alternating current.

2. The soldering method according to Claim 1, wherein
the modulated electromagnetic wave treatment in the solderihg

steps of (a) during soldering, (b) before soldering, .and (c)

after soldering includes at least any electromagnetic wave
-treatment = of an electromagnetic wave treatment
B (electromagnetic wave treatment 1) to a flux liquid itself in
-lra 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,c_arried out for a flux-treated soldering object, an

58




6. The soldering nethod according to Claim1l, wherein
the | ead-free solder material has a sol der conposition
which is reduced in Ag content (% by wei ght) 6d¥ecamber 2006
sol der alloy of a 96.5%%n-3. 0%g-0.5%u base or a

sol der alloy of a 5 96.0%%n-3. 5%Ag-0. 5%Cu base to a
ratio of 0.5%to above 0% and which uses the

reduced. anount of Ag as an increasing amount of an Sn
content. 7. The soldering nmethod according to Claima1,
wherein in addition to the nodul ated el ectromagnetic
wave treatnment, 10 soldering is carried out while a

I ongi tudinal direction of a stick menber provided wt h

S T ML T R
h - di f th bj
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' t h d I
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p%k%ﬁtgﬁaﬁuiB@EHgkaﬂagﬁ@ti@&&ﬁh??r@%@ﬁ%htfﬁélééﬁféﬁéﬁhetlc

treatnment 1Is usedlnastep ore or

5 wavel deeatden?. 64 66! AIdANG L YR £ AW E ebBYing0sfep for a
sol der material applying portion for applying a sol der

- soldeering objeetsalfderi sglabieay. .2 sol dering object |
and/or a solder nmaterial for soldering of the
sol d&r i Rye obp bier irandiethal Gaidomdimg ©®id14im tl Ofwheifin
6 Decenber 2006
soldering is a solderlng method of (a) a flow type whereby a
molten solder material is sprayed on a soldering object, (b)

10 a reflow type whereby a soldering object with a cream solder
material applied is heated, or (¢) a soldering iron type Wﬁereby :
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.

15 4. The soidering method according to Claiin 1, wherein
the solder material is a lead-free solder material 6r 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

20 base, an Sn-Ag base, an Sn-Ag-Bi base, an Sh—Ag-In base, ah
8n-Cu base, an Sn-zn base, an Sn-Bi base, an Sn-In baée, Sn-Sb

base, an Sn-Bi-In base, an Sn-Zn-Bi base, or an Sn-Ag-Cu-Sb

base.
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provided in the vicinity of the solder material, and
an el ectromagneti c wave generator which applies an
alternating current whose frequency tenporall 6 Rdramgers2006
in a band of 20Hz-1MHz to an electric wire of the
coil portion. 5 10. A soldering device according to
Caim9, wherein in addition to the coil portion,
provided is a stick nenber onto which a coil which
conducts an alternating current whose frequency
tenporally changes in a band of 20Hz-| MHz has been
wound and whose | ongitudinal direction has been
oriented in 10 the direction of the soldering object.

‘ - i d d wh
g LR g%ﬁ%?ﬁgaﬁ‘ﬁ e € i elwe&?ﬂ%em
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eatl ng eVI ce an
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the coil portion is provided in the vicinity o
9w %sma 3 . $ehae . sath BagLOko Iaﬂrhhﬁo@ft(ﬁ@szs%dsbo%w% Yand

pi pe. 20 12. A sol dering-device according to Caiml
whiledr @ises the redlicpdr thotnproFiKethd marl g oHedidiingy/ a@fount

the nolten solder bath is provided, in the nolten
ofs@ndén panhentel uding the preheating device and/ or

flux treatnment device, in the 61 6 Decenber 2006

7. The soldering method according to Claim 1, wherein

in addition to the modulated electromagnetic wave treatment p

- soldering is carried out while a longitudinal direction of a

stick member provided with a coil which conducts an alternating
current whose frequency temporallychanges inaband of 20Hz-1MHz
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

20

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 portibn for applying a soldér
material to a soldering object;

~asoldering object and/or a solder material for soldering

- of the soldering object, and/or a coil-wound coil portioh
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vicinity of the soldering object on the inside and/or
outside of the nolten sol der bath before being

sol dered and/or after being soldered. 13. A goPatemberg006
devi ce according to Claim1l, wherein 5 the nolten
sol der supply pipe disposed in the nolten solder bath
is provided with a nolten sol der intrusion-preventing
pi pe connected to an outer peripheral portion
thereof, and the coil portion is constructed by
inserting a coil into the nolten sol der supply pipe
via the inside of the nolten solder 10

i ntrusion-preventing pi pe and wi nding the sane. 14. A

I ARG R S

i nst I| ggnected to the nolten sal der

i ntrusi on- preverﬁqne b1 p&3Yfir AT TAHETI ¥ ’o‘éhoiaPPI]rées an

Rl i, S e PR UE, BPBRENED) RAPRERDLY “hfnee in

bdme IMIIE AMHAE SR A 3 AY t“fslt%cﬁgi‘ie%%gon.

pi pe. 15. A soldering device accor ing to

wher 20D AasbDa@kingli dadicereetdoi g tdhc sy %ereln

installing nmenber 20 is connected,” inside t

- SOl.din addt tubhad Phe veall pier-ti die, pinh.ﬂe&'l% é’b&%@k'ﬂfé‘?ﬂber -

orthogonal to a longitudinal direction of the nolten
onggl Whichupmiof Ipwhich kfondustd der hlgedfut EAgaceRF&hitghose
to Caim14, wherein 02 6 Decenber 2006 :
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.
11. A soldering device according to Claim 10, 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
soldertowardthesol&eringobject,diSposedinthenmltensolder
bath, |
the éoil 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 thé_




the coil provided onto the coil installing nenber has
been wound around the coil installing nmenber by single
wi nding or double or nore lap winding. 17. A6 December2006
sol dering device according to Caim 14, wherein 5 the
coil installing nmenber is provided double with a
paral l el ,arrangenent in a |longitudinal direction of
the nolten solder supply pipe, and onto these coi
installing nenbers, a coil is wound in a figure of
zero or in a figure of eight across the two coil
installing nenbers. 10 18. The sol dering device
according to Caim9, wherein the solder applying
_portion-i ided with.a transfer peans-for.

rovli ‘ R
VIGHHRL O ﬁEeaS P DOPIEC tpPBVE R d-NRL g BNGY A Owtside

ream solder to.a sol der, object from an upstreamside
off ¥iS malteR, pRIdEF deat hekse, &idich SOLGPTRERRA(OY REter
beSY %&hﬂﬁaﬂgieCt 15 being. transferred by the transfer
nmeans, and a cooling neans, and the coil portion is

provi gedaw L | ._fhe t S nmeans,__ .
o 92rarae s SRy ab0g AQundiod IEo CAISLEE TEfresr

5 deviggeapaeedidider & 'ﬂ%ﬁgPewwggaéédf@Fh?%mﬁgEBsolder

portion-is constructe y arrangi ng a col

- batthr £ pirokr idetheganaimdleed $é By i n@hiisA@ndpkeetheingfpipe
asol dering object transferred by the transferring

conpantedndos anasutter peitiphadalhposelidar tharebifechnd63
6 Decenber 2006 _
the coil portion is constructed by inserting a coil into
the molten solder supply pipe via the inside of the molten solder
10 intrusion-preventing pipe and 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

- 15 . 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

20 is connected, inside the molten solder intrusion-preventing

pipe, toin thedirectionorthogonal to a longitudinal direction
of the molten solder supply pipe.

le. A solderj.ng device according to. Claim 14, wherein.
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20. The sol dering device according to Claim 18,
wherein the heating neans is conposed of a preheating
portion provided on an upstreamside in the 6 December2006
transferring direction of the transferring nmeans and
a main heating portion provided on 5 a downstream
side thereof, and the cooling neans is provided on-a
downstream si de of the real heating portion. 21. The
sol dering device according to Caim9, wherein the
sol der applying, portion is provided with a sol dering
iron for carrying out soldering by being made to
contact with 10 or being nade proxinmate to a sol dering

obj e ﬁrmht-~a~sold r. a Elied, and -the coil.portion is -
cons? ficte tR/rW’rfg‘?%go‘g eorre Fdthdinstphlingmemger has
I ' ' . 22. A net.hod far, facturi | der ed
ool e gl € ST S andurSiEneen Y Ateels v ing
.or;%dgayen#%théagnigbp%&%?§%§ I n manufacturing steps.

3. The for-manuractidri ng a soldered article

accof i i rei dere rtjcl i.S .
o oot T Odeatil Moy I dedb I R SHf 4 e afhdrin

requil res

sol dgié Neoi NCH ekt 01 £n § SR ugko hed- 1ePwi
sol der ed article_obtai%e%bﬁggghggsgfgggpﬁg_gg%%%g with a
pazedded] ngrdryycplatitnid. a dongihtdsahded Bt 1d£ 0¥ the molten

according to Caim24, wherein 64 6 Decenber 2006
solder supply pipe, and onto these coil installing members,
a coil is wound in a figure of zero or in a figure of eight
across the two coil installing membeérs.

18. The soldering device according to Claim 9, wherein

the solder applying portion is provided with a transfer

means. for transferring a solder object pfovided 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 portiom is constructed by arranging a coil in

adirectionorthogonaltoatransferringdirectionofasoldering

‘object transferred by the transferring means and so as to'

 surround the soldering object.
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the soldered article is electronic /electrical

equi pnment which requires soldering, including a

sem conductor device. 26. A nethod for nmanuf &d@eseinher 2006
a soldered article including the soldering device
according to aim9. 5 27. The nethod for

manuf acturing a soldered article according to Caim

26, wherein the soldered article is (a printed

circuit board for) electronic /electrical equipnent

i ncluding a sem conductor device. 10 . 65

~ 20. The sdlderihg &é&idé_éC¢ording td Claim 18, wheféiﬁ'

the heating means is composed of a preheating portion

 provided on an upstream side in the transferring direction of

the transferring means and a main heating portion provided on
a downstream side thereof, and the cooling means is provided
on -a downstream side of the real heating portion.
'21; The soldering device according to Claim 9, wherein
the solder applying portion is provided with a soldering

iron for carrying out soldering by beéing 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

- 64
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the soldered article is electronic/electrical equipment
which requires soldering including a semiconductor device.

26. A method for manufacturing a soldered article
includihg the soldering device according to Claim 9.

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

thé soldered article ié (a printed circuit board for)
electronic/electrical equipment including a semiconductor

device.
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