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AND DEVI CE PRODUCED present invention relates to a nethod for
joining nmetals seIeHmHWWHMMHWWWEng al um num an al um num al | oy, copper and
a copper alloy. Mre particularty, the invention rel ates t o @ciHpehodobor
joining the metals by us€'¥f sol der paste which contains zn and Sn, as wel |

Foi ned. produtE BECArRE By IHE REHon AND SF LRk oRnePGEELAEREAEN 0 whi th-

t he joined product is incorporated. There has heretofore been unavailable a
desirabl e technique for directly joining a copper heat sink and an

al um num based copper-clad substrate. For this reason, the sink and
substrate have been joi ned together by use of screws while interposing a
heat di ssi pati ofihshpetsenta imesn Wicsipata oes gteagsemétbsidn fadhdsiivieng

t herebetween so as to |ower thermal resistance arising therebetween.

Needl ess medasmy, ssdkedéedngfopmt hambnge abunimumpstarpr eflemeilyivm netliod  f or
joining metals together, in consideration of |ow thernmal resistance at the
j 0i ned pEEPPETs 3Nt sigver tylbdya jMore neaptdbcessrlrowsher 1nvieaitd otas not
been established a soldering t echni que capabl e of appropriately joining

t oget her nededles dontaimeHgodnfarudicandngl Ithe ineirks ikyl use Afmsole@rs or
joining such netals through brazing using alloys of Sn-Zn as a brazing

mat eri al Pestayarh b econtaingct Hbepngo@En - 2abowidr | asi fee Brazised dedvol ves
a large thermal strain in an article subjected to brazing or thernal

det eri or ®&is&e iYethylpethph&edhos) ectrohi esednpondie dielder uBasse, adhi gh
brazing tenperature of 400C to 600C, brazing has been hardly _applicable to
el ect r oniJ@1m&Cer PAICSUGd AQRdcainrd ¢ Ryjui Paentmetedher ABfe, CIRREEOBAEZI ng
encounters difficulty in_joining portions of |arge area, brazing has been
limited CEMIPHETEXARN% WG hi e of o Bl fREeduel het APFPEPPrates- Al so,
since an activator used in _brazing contains a fluoride or a chlgoride in a

predoni nant anoURETej drRAed MerBE? SOhaV PR f HPET a0 AS 0. ARSEBRELE of

brovi di ng SSPRREG FOF FHRCIg Wred8FSL88) et CPPREmIAing At Hfin

ol U UM AL S eSSBSl A0 copper Al oy ol | ouLemer el e ip gl e

o | owahgr Tl celelance 9 SoLguan o, hent slgkopever Ml eor

e, Lo, b enlinced eat ol ot poCLan PLORRLELSS 1 Sl ErAed, Hguan uoe

:Egorggﬁ %ﬁgg!ﬁpa‘?ﬂ%r SPQ%S S("i%sstirnat gdhg/EJL.JVeFPLéhe%rebte%ééﬁ(esios as té
lower thermal resistance arising therebetween.

Needless to say, soldering or the like is the most
preferable method for joining metals together, in
consideration of low thermal resistance at the Jjoined
portions and simplicity of a Jjoining process. However,
there has not been established a soldering technique capable
of appropriately Jjoining together metals containing an
aluminum alloy in particular.

A method for joining such metals through brazing

using alloys of Sn-Zn as a brazing material is available.
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The present inventors carried out extensive studies in an attenpt to sol ve
t he above problens. As a result, they found that when sol der paste
contai ning Sn and Zn was 7 Qctober 2002 -3 used, netals selected from

anong al um num an alum num al l oy, copper, and a copper al LQy.8H} 8o
joined together at a | ow tenperature o}-about 250C, with the ?opgeg %%rtion

exhibiting | ow thernmal resistance. They al so found that sol der, paste
cont ai ni AGYBYSFn é&&Qﬁ<9¥%%}Q§I%ﬂﬁPQ%g%n%b %ﬂg?ogh?ﬁﬁaéstﬁélﬁeﬂgl§nat a
a

I t . . . Th iti | Jy f t hat I . t ai_ni ng,

flx conBORerts, SHPIGREAN & hat B B apotPEE Y GRCBFABARE L85 d cBAYonent
| ected_f ic acid est d est d iti tal yst

enhances PFELPHE o Sar O £ TBTIRT et dr , CRanSFuPEher D GheP FAGT Fal

resistance at the joined portion, and prevents corrosion of the joined

por ti on. “PRRPIRGHERer Ofoud Ot hat t2 hr RYIT /i n&FEFdRst | 83 Sof PERE t RGLH-Sr med

j oi ned duct__int heat _.si nk, I bstrate, . MPU  CPU, th

| Pker hf GRELPFAEIEnGe B oNie R BRRL of “AnRaRCBHORSAL SHPSETSREron

ti ided i i npl . Thus, P ti
Pas been  BECARSICEad.* ARCoraT REE 0T CRECHReeta G hioHTy e prber 462 A5t hod

for LOUnERg.IRLal S,k odetiar . o thal sonmiiisesytbe aisps;ofa0n Mo sglder

past e containin 0 a portion-tobé-Toined o mor e net al s

sel ectedg %@?&%@ﬁ?ﬁ%&%”%@ @Hdaljfe'grgégj”b§l 02 J?i'é)&\il’v_e&zf;e%%% a Carpg’

al l oy; an pl'1ed sol pasté to re he sol der paste can

COr o1 S8R e ddle B8 50l -UE L B WY AU PLagnoR 4 num
chloride in a predominant amount, Jjoined members have
suffered corrosion.

An object of the present invention is to solve the
above-mentioned problems, thereby providing a method for
joining metals selected from among aluminum, an aluminum
alloy, copper, and a copper alloy at low temperature in a
simple process; a joined product featuring no susceptibility
of the 3joined portion with low thermal resistance to
corrosion; a heat sink, power module substrate,
microprocessor unit (MPU), central processing unit (CPU), or
the like to which enhanced heat-dissipation properties are
imparted through use of the Jjoined product; and high-
performance electronic equipment into which the heat sink,
power module substrate, MPU, CPU, or the like is
incorporated.

The present inventors carried out extensive studies
in an attempt to solve the above problems. As a result,

they found that when solder paste containing Sn and Zn was



4 7 Cctober 2002 alloy. The sol der paste can contain, as a flux, at |east
one conponent selected fromanong organic acid esters and ester

deconposi tion catal ysts, and an organi ¢ hal ogen conpound. The ester
deconposi tion catal yst can be an organic base hydrohalogenqgggpgg*g%%g
The organi ¢ hal ogen conpound i ncl udes-%- brom nat ed benzyl conpound
contains a substituent having an alkyl chain with 10 or nore carbYE at ons,
a poIyerﬁFﬁat@HtPéFt?%%ﬁ9$ﬁﬁnﬁﬁﬁﬁmPW94% IR NWBr e2R P bERIBEBNE L LAYt
contains four or nmore brom ne atons in qgﬁﬁnnleculg %hereg

pol ybr onFﬁQP@c’ﬁ'alaPE’yél cOPESTp iG-S F MOFRECaFBORT ?Bn’étt ﬁaiLOW
cont ai ns_ four nore brom ne atons_in one nol ecule thereof. The flux can
cont ai n Fﬁ@péﬁ‘ﬁb‘ﬁ@nts‘af sePBOUEd f4MCanoritl B gatPe aciRfiRd er BOBRUCBSst er

or gant ¢ REPGDAT Eamrs twssd'n”r}?a toJanﬁ&%trlr% tn(s%ézoz%eyy%ﬁ%g”f%@cﬁ Eanc

h d d f h
Leps. of SAPAFSI RG S %?Yf'@m Jensa B 40 ke TPt TR w70k B RBRH aci ng
th f dwth th | d te; d th
ol i o0 Tt AEPSpS BB s rife BASertCTROEREFER. T urt hor provi doe o
| - I . Th
motal to-metal TBEY %géﬁgg‘é%ﬁ?&n' SR TR et RE BT o o0

fromampg arNgat SifkonPOPE! an organic halogen compound and an

organic acid component selected from among organic acid
esters and ester decomposition catalysts enhances reflow
properties of a solder metal, can further lower thermal
resistance at the joined portion, and prevents corrosion of
the Jjoined portion. They further found that through
incorporation of the thus formed joined product into a heat
sink, power module substrate, MPU, CPU, or the like, high-
performance electronic equipment of enhanced heat
dissipation properties can be provided in a simple process.
Thus, the present invention has been accomplished.

Accordingly, the present invention provides a method
for joining metals together, that comprises the steps of
applying solder paste containing Sn and Zn to a portion-to-
be-joined of two or more metals selected from among aluminum,
an aluminum alloy, copper, and a copper alloy; and causing
the applied solder paste to reflow.

The solder paste can contain Bi.

When one of the metals to be joined is aluminum or an

aluminum alloy, another metal can be copper or a copper



7 Cctober 2002 -s nodul e substrate, MPU, and CPU. The present invention
further provides a solder paste for use in the nethods descri bed above. The
present invention further provides flux for use in the sol der paste
descri bed above. The present invention further provides elgq?ER%E 2002
equi pment i ncorporating the joined profiuct described above. e above and
ot her objects, characteristic features, advantages of the present invention
will bec “dpparent fromthe description of the invention nmade with
reference to the _acconpanying drawings. FIG 1 is a_side view showi ng a
copper plate anﬁhﬁnsﬁﬂaﬁl1 tc%ﬁrﬁP?Baﬁ%’j%?n@dfgyxthétjg@ﬁﬁ goﬁ%thod
of Exanple_10. FI.G is a,si.de view show ng .an al um num substrate_ on which
of ect r oni O BE o S 87 o hhOBd 28 o STt & A GRE 81 AN i R dat
sink to 2§¥joined by the_%gL?in% met hod_of _Exar Ig }1. The net hod, f or
j oi ni ng ARG TR RN ST Ry eRt fon™i STERAFGcPBHPIER FRUPREE ol der
paste contains and Zn. neral |y, .sal der ggstg i S_.us

FasvEtt

d i h .
el ectronics ind ljF?Eﬁrs 289 CFhQCS r%ﬁﬁcgéo#%bh8§95n&ﬁd

pr epar ed m. x| sol der er with sin or a synthetic resin conponent,
an orgaMé?%%a%%§§$q§§ %ﬂéﬁ%@rﬁ?%ﬁ %%igh activator, a solvent, a

thi xolropic agedhy Al W] OXhAN e ANd kBB e nbESELY W bRRIRated

characteristic feature
benzyl compound which contains a substituent having an alkyl

chain with 10 or more carbon atoms, a polybrominated fatty
acid compound with 10 or more carbon atoms that contains
four or more bromine atoms in one molecule thereof, or a
polybrominated alicyclic compound with 10 or more carbon
atoms that contains four or more bromine atoms in one
molecule thereof.

The flux can contain the component(s) selected from
among organic acid esters and ester decomposition catalysts
in a total amount of 0.01-20% by mass, and the organic
halogen compound in an amount of 0.02-20% by mass.

The present invention further provides a method for
joining metals, that conprises the steps of applying solder
praste to a surface of a metal to be joined; placing another
metal on the surface coated with the solder paste; and
causing the applied solder paste to reflow;

The present invention further provides a metal-to-
metal joined product obtained by the methods described above.

The metal-to-metal 3joined product can contain at

least one component selected from among a heat sink, power



7 QOctober 2002 -6 present invention, solder paste is applied to a
portion-tobe-joined of a netal and the applied sol der paste is caused to
refl ow t hrough application of heat so as to effect netalto-netal joining.
Particularly, nmetals can be joined in a sinple process by

applying a solder paste to the rel evarfi- surface of one of ?E%“ﬁ%?@?@gﬁ

pl aci ng another netal on the surface coated with the sol der paste, and
causi ng BodBLaepuBFlEdter ME 08y Fhting the sol der paste to its melting
point or higher. If the metals to be joined are bonded maki ng use of

adhesi veness ofT@%epéﬁﬁ?PEd1§8P&§#°Ba§ﬁ§tHQQaRRﬂYkﬁe%a%t%OigeEaﬁééﬁeto
refl ow, %herebg tacikitatin the joining wark. Since sol der powder used to
prepare S8FdBFSpaBt EN&f MEhd SERCTIREh 1T ontains Sn and Zn, it is
possible to provide a nmethod for joinin tals, featuring | ow refl ow
Denperat ure, | gobRE | BFAPRS tpet T ERHbER, T4nd s Ts P EL OF e dakX BOpPEs of
conpositlon§hof silder %o er conti%ﬁjn Sn and Zn include Sn-Zn, Sn-Ag-Zn,
Sn- Bi - SbiZnth8nSRTARE. PRSTEn IRFHILAT SRRy Cu-zn, and Sn-Zn-Bi. The
conpositions inglude 910 bg nass of , Sn agd 9% by nass.gf Zn %shg&n as

9l Sn/ 9zn, and het®i MFTITEhotVSRC AR sHREHBhnePy OV 88S8snf 8S8RGPIZH,

51 Sn/ 45Bi [ 3sh/ 1 Zn, .843Sn/1 OBI. /.5Sb/ 1. Zn,. 88. 2 nllggg/0w§Cu/I%§

885n/ 4Agr FShPTORT SPSRFPRIAESEA A€ 9P AT Cof et 1RSnF B F 3B |

86Sn/ 8Zn/ 6Bi , qﬂgaagb& Qﬁ%ﬁg/%.%%@é% 5€F§pld%?ﬁggﬂgg%%ﬁgggﬁhe?é@gf@ggsent

invention may be a nixtu ft e °df S

di 11 erent acompesEL op- oo/ ORLODEL 2002.ATPNG L R0RKE 50l detopoxder s

those which ¢onfain Bi are erapl €, " since "t hey can"be caus o refl ow

at 'OmerfiéﬂpﬁﬁgtHEEEr%gaﬁgﬁug% %E&%ﬁgﬂﬁgﬁﬁg%aé§§ﬁém%i 84 Pe A0M L hep mal

deterioratiron of a Joi oduct present Tnvention I's

applied ] Ol f - cies selected fromanong al um num an
aIuninun%g |§$?O§§%%g??8aﬁ le% pper alloy. These netals exhibit high

t her mal conduct%yé.tyl and g&{ﬁgﬂgg%&éh{éﬁq@a% b@ggf,g?t gg%tfeor deatsi nks,

power nodul e substrates, M erefore,"Join products

manuf act Yy i Bt B 4Tt BOKOfed Nbs 15B4edd OBy OB § o 8n BhG IR o1
conductivity.
Example 10.

FIG. 2 is a side view showing an aluminum substrate
on which electronic components are mounted, a copper plate,
and an aluminum heat sink to be joined by the joining method
of Example 11.

The method for joining metals of the present
invention is characterized in that solder paste contains Sn
and Zn. Generally, solder paste is used in the electronics
industry for surface mounting of electronic components and
prepared by mixing solder powder with rosin or a synthetic
resin component, an organic halogen compound serving as an
activator, a solvent, a thixotropic agent, an antioxidant,

and the like.

According to one characteristic feature of the



The al um num al | oy includes Al-Si, Al-My, Al-My-Si and Al -M), including

those exhibiting ductility. The copper includes pure copper, oxygen-free

copper and tough pitch copper. The copper alloy includes brass, bronze and

phosphor bronze. Conventionally, joining different kinds (ﬁ7¢ﬂﬁbﬁbf259§ been
I

difficult to performwhen one netal is6éalum numor an alum numalloy, while
the other nmetal is copper or a_copper alloy. However, even inﬂ,oining
metal s ofPTHeFeRte it iy, EREIFEI RESGCmeEthRPREI et pr 8s Rt e on can

provi de a jained product which involves | ower thernmal resistance than a
j oi ned prETIALNHDW et Bytal canfettico®RP ) 6ithi Tyl ARt hBASTRr éFeFAMSFS t he

sol der paste of the present invention coptains as flux comnponents at | east
one orgaEQ:Qﬁﬁ%?Wxﬁﬁiﬂﬂé% RP LT 7 of aRBAY ﬁPgQﬁiEOa@E%e &edasid
ester deconposition catalysts, and an_qrganic | ogen compound. . . 8 7
Cct ober %6%%‘ (ﬂ?ﬁﬁﬂ%ghalgagﬁlEBﬁﬁ5§ di@??éﬁﬁ €8nr§ﬁm49%ﬁﬁ%x?8eafrom

the surface of a sol der Ept I dur{ng ref oW Sp as to attain good go ni ng.
Yo &8s ¥ &

When t he Sor&ar PHaFo42n Funt“ S| fel -6 BY offi it 5eRg§F cgﬁpound
Btom, o WAl Vit BRHAR eOFACES 261 PR oURE WL or DROT b BB oy
t hat Contmaeitréslfggr glrlemsruer a[&m %%aqge%mwii%honghe solder paste, and
causing a solder alloy to reflow by heating the solder paste
to its melting point or higher. If the metals to be joined
are bonded making use of adhesiveness of the applied solder
paste, the solder paste 1is caused to reflow, thereby
facilitating the Zoining work.

Since solder powder used to prepare solder paste of
the present invention contains Sn and Zn, it is possible to
provide a method for joining metals, featuring low reflow
temperature, good joining performance, and a simple process.

Examples of compositions of solder powder containing
Sn and Zn include Sn-Zn, Sn-Ag-Zn, Sn-Bi-Sb-Zn, Sn-Bi-Cu-Zn,
Sn-Ag-Sb-Zn, Sn-Ag-Cu-Zn, and Sn-Zn-Bi.

The compositions include 91% by mass of Sn and 9% by
mass of Zn (shown as 91Sn/9Zn, and hereinafter shown in the
same manner), 85.58n/3.5Ag/12Zn, 518n/45Ri/3Sb/1Zn,
84Sn/10Bi/58b/1Zn, 88.2Sn/10Bi/0.8Cu/lZn, 88Sn/4Ag/75b/1lin,
97sn/1Ag/1Sb/1Zn, 91.2Sn/2Ag/0.8Cu/62Zn, 89Sn/82Zn/3Bi,
86Sn/87Zn/6Bi, and 89.1Sn/2Ag/0.9Cu/8Zn. Solder powder used

in the present invention may be a mixture of two or more of

the solder powders of different compositions.



nol ecul e thereof, or a bromnated alicyclic conpound with 10 or nore carbon
atons that contains four or nore bromne atons in one nol ecule thereof, the
effect of renoving an oxide fromthe surface of a solder nmetal is enhanced.
Any brom nated benzyl conpound having an al kyl chain with #QOEEﬂﬁPQG gar bon
atons can be used, so long as it is a-Brom ne conpound in which the 8ond
bet ween the al kyl chain and benzyl hal ogenide is chemcally stable. .

Speci fic exanpl BBOBE tIhe bahoyr Hofsde RoffdtAd ithaifevhich contain
4-stearo%LoxybenzyI brom_de, 4-stearyl oxybenzyl brom de, 4-stea-%$benzyl
bromi de, 24- RHoProRECHPIFBETA/I SiRGRat ,eY4-§@%a¥>@y|%ﬁlﬁ%Beﬁ£y|r%% dét and
2, 4- bi sbrono net hyl benzyl stearate. Mreogver, 4-pal mtoyl ox benz¥l br om de,
4-yri st FPEXyY b 3®¢r%$%ﬁ?ﬁeﬁxh-¥%ﬁF69l5&Vbeﬁ%?¥e%r8ﬁ(ﬁ%e gl strain

4- undecanoyl oxybenzyl  bronmi de can be_cited, The pol ybrom ne conmpound may
have a cﬁ@ﬁigﬁ%gﬁ%;aﬂﬁ@??ﬁﬁﬁﬂﬁ%ﬁ%lOﬁr%uboéﬁﬁa Bgogﬁegrboxyl group, an

coter group. anplodidl goup A sther group.and . ketone g oup- s Tog
metals of two species selected from among aluminum, an
aluminum alloy, copper, and a copper alloy. These metals
exhibit high thermal conductivity and are frequently used as
base metals for heat sinks, power module substrates, MPUs,
and CPUs. Therefore, Jjoined products manufactured by the
method of this invention exhibit a high thermal conductivity.

The aluminum alloy includes Al-Si, Al-Mg, Al-Mg-Si
and Al-Mn, including those exhibiting ductility. The copper
includes pure copper, oxygen-free copper and tough pitch
copper. The copper alloy includes brass, bronze and
phosphor bronze.

Conventionally, joining different kinds of metals has
been difficult to perform when one metal is aluminum or an
aluminum alloy, while the other metal is copper or a copper
alloy. However, even in joining metals of this combination,
the Jjoining method of the present invention can provide a
joined product which involves lower thermal resistance than
a joined product provided by a conventional joining method.

Preferably, the solder paste of the present invention
contains as flux components at least one organic acid
component selected from among organic acid esters and ester

decomposition catalysts, and an organic halogen compound.



are bonded. 7 October 2002 -9 Specific exanples of these conpounds

i nclude 9,10, 12,13, 15, 16- hexabronostearic acid, nmethyl 9, 10, 12, 13, 15,
16- hexabr onost earate, ethyl 9, 10, 12, 13, 15, 16hexabronostearate,

9,10, 12, 13-tetrabronostearic acid, nethyl 9,10,12, 13-tetralropRperanase,
ethyl 9,10, 12, 13-tetrabronostearate, 9810, 12, 13, 15, 16- hexabr onost ear yl

al cohol, 9, 10, 12, 13-tetrabronostearyl alcohol, and 1, 2, 5, 6, 9,

10- hexabr onmocycTB&odeeddiel C AP IHe s €CBBRPSGNISS HSesthr 6RDSEYERTR &% d and
hexabr onocyc| odecane are preferable. O her exanples include brom des such
as 1- br oXiglsutigies the bR e ppbpansPlder prersl 19pFdpadnseilow so as
3-bronol, 2- propanedi oi, 1, 4-di brono-2-but anol , 1,3-dibronn-2progﬁnol,

2, 3- di br &fo-at iR Hpaderd I oANdiF-omd'3ei- bhitakedidgiic halogen compound

2, 3-di brgno- 2- but ene-1, 4-di ol , 1-brono-3-nethyl-1-butene, ,

- di br GGBERe. 21 BRSTTESopBRaEYa. 3 CrBEsRSpT OpaE. GoRyRins

br onbacet at e, .ethyl a-bronocapryl ate, ethyl a-bronopropi onate, ethyl
( 3- br onoFFES TRt :]Fﬁ‘ﬁma- t?rrbnﬁi%é’;atce}}glf} SWaitg‘r oﬁﬁ)s G&ciMfic® aEFd%gon
2- bronosuccini c acid, 2, 2-bropvadi_pic acid,, 2,4-dibronoacetophenone,
1,1 i br GEOTSr IO} ot RS T a0 2 EAEEVoRELE. FIRBIRARIh e ang0 OF more

1,2-dib t . Ho , the, t i ti iS.b 1s lLimted
Lo t hese CORKIT G501 S o I LSBT HE br QA C RaP byBIHFed CBRPOENAZ®
taini hl qri i odi i nst ead of ' b bl.e. . [
el o conPONERE A ORI 1 (-1 b B GEERT LT AVBNt TSR T e RPBPLARI Yibf bPoan ¢
Cemper at oe. IEKAmAE ] SR BrBPC | M e Var POUE OF 1001 BEPRNEP 2002

al i phati ¢ eqrhoryl g ackg gshels carom | coparhopl e gel 4 Saler s,

. an . ..
al i phatic f oni ¢ aci STErs and arondti ¢ sulfTonic acid esters.” Specific

exanpl es re I d - yl - par onat I opy!
parat ol utac ras anY SR rE s R EE IR L 18" npatRe"
par at ol uenesul f onate, n-propyl benzenesul fonate, isopropy

I
benzenesul f onat 81Y| SEBTEE T5ch ReR2YH f 6ABPEUNA- Sedid At i @ik%t eChrdBpr opy !
l'icylate, .isqgbutyl licylate, n-butyl licylate, i I, .
4ni 1 obEHEatd, AeMCUIGATERT AT Therrvathe Karebubgl LRBEhatr JFals, 2
tert-butyl | at t - but .l t -butyl. b . Th
amount of “Re 5t GRS B o HoHBATEN LD Be-AHEHEE T 1O o DATT ot B0N Dy
nass, pr%B%L§Q&%ﬁ§y%@f% fé%f%@t%hé%féa%Pfs %?%Fthe total amount of
e a est et exhi bi

flux. Th ove-mention organi ¢ aci ts | ow deconposability

even at its refkgw.tggper akyngiwhenyit icﬁeprﬁéﬁﬂgzlSiBQbMidé‘ddEEfnPBqui a
smal | amount of an ester deconposition catalyst effectively accelerates

deconposiihicamdef t heseed@Biva oR&idnesiler . bABMiast er ¢€§@€E9§lbk9ﬁeﬁ§§@| yst
can be used so long as it accelerates deconposition of a deconposable

organi ¢ agiothiest,er ai-stsargibenmzienpenatonrieiay th 4espbhenetBotBEAERLI ON Of
acid generation. Anong such catal ysts, a hydrohal ogenated acid salt of an
or gani ¢ basariatesf f ¢estwero$henihvbeaxgiplimsonida, hytidohza) égehabedmaei d
salt of an organic base include hydrohal ogenated acid am ne salts, such as
i sopr opy harihyd beydndbr ostderabetyl am Mereover,  4-palmitoyloxybenzyl
bromide, 4-myristoyloxybenzyl bromide, 4-lauroyloxybenzyl
bromide, and 4-undecanoyloxybenzyl bromide can be cited.
The polybromine compound may have a chemically stable
functional group such as a carboxyl group, an ester group,
an alcohol group, an ether group and a ketone group. The

polybromine is a compound where four or more bromine atoms

are bonded.



-11_ 7 QOctober 2002 hydrochl oride and cycl ohexyl am ne hydrobrom de, and

1, 3di phenyl guani di ne hydr obrom de. The ester deconposition catalyst is
added in an anmount of 0.01-200 by nass to the total anmount of fl ux,
preferably 0.05-5% by mass to the total anmount of flux. A kneywfpdesPopat hat
has conventionally been blended in flu®-my be blended in the sol der paste
of the present invention. Exanples of such a resin include a natural rosin,

a di sproporti onatRGiIrfAH N, exAIPVIEr i 288 1 aidse @ Mshifd@edE OSi ncBhude
hydrogenated rosin, a rosin ester and a synthetic resin, such as polyester,

pol yur et heyeo a0, B3, B8 Y6+BekebirBmotheapriesent i nverdidyn may usemeéttyydf the

sol vents used in conventional fluxes and sol der pastes, specifically,

al cohol s,9 gtthers, Bhdl 3y béeherabebwestearktanpl eshpl ycld,12,13,15,16-
hexabromostearate, 9,10,12,13-tetrabromostearic acid, methyl
9,10,12,13-tetrabromostearate, ethyl 9,10,12,13-tetrabromo-
stearate, 9,10,12,13,15, 16~hexabromostearyl alcohol,
9,10,12,13-tetrabromostearyl alcohol, and 1,2,5,6,9,10-hexa-
bromocyclododecane. Among these compounds, hexabromostearic
acid and hexabromocyclodecane are preferable.

Qther examples include bromides such as 1-bromo-2-
butanol, 1l-bromo-2-propancl, 3-bromo-l-propancl, 3-bromo-
1, 2-propanedioi, 1,4-dibromo~2-butanol, 1, 3-dibromo-2-
propanol, 2,3-dibromo-l-propancl, 1,4-dibromo-2, 3-butanediol,
2,3-dibromo-2-butene-1, 4-diol, l-bromo-3-methyl-l1-butene,
1,4-dibromobutene, l-bromo-l-propene, 2,3-dibromopropene,
ethyl bromcacetate, ethyl o-bromocaprylate, ethyl oa-bromo-
propionate, ethyl pB-bromopropionate, ethyl oa-bromoacetate,
2,3-dibromosuccinic acid, 2-bromosuccinic acid, 2,2-bromo-
adipic acid, 2,4-dibromoacetophenone, 1,1-dibromotetra-
chlorocethane, 1,2-dibromo-l-phenylethane and 1,2-dibromo-
styrene. However, the present invention is by no means
limited to these examples. Also, corresponding organic
halogenated compounds containing chlorine or iodine instead
of bromine may be usable.
The organic acid component according to the present

invention 1is preferably an organic acid ester, which
generates organic acid when the ester reaches its reflow

temperature. Examples of such ester include wvarious



sol vents include benzyl alcohol, butanol, ethyl cellosolve, butyl

cel'l osolve, butyl carbitol, diethylene glycol hexylether, propylene glycol
nonophenyl et her, dioctyl phthal ate and xyl ene. These sol vents may be used
singly or in conbination. A thixotropic agent to be added spagpkpP20HPr ove
spreadability in application to met al - ubj ect ed to j oi ni ng may ge an

i norgani ¢ substance, such as fine silica particles and kaolin particles, or
an or ganiad iphagtiancearisoxhl as laypdrdogestaeesd, castoatdid eadbaxybhtdecid
conmpound. Flux for use in the solder paste of the present invention

conpr i se®s2@ré00 adyi predsi ofswl fasian zohposeners020d- 20%by igassldbnac

t hi xotropi c agent, 0.01-20% by mass of 7 Cctober 2002 -12 an organic acid
conponengcig OQSQeéSby népscodfign exganieshdilrysct oﬁﬁﬁﬂﬂﬁkfamrpﬁ@Pﬁﬂe
total anmount of flux, and a bal ance of sol vent redUC|n? agent. The thus
preparedpﬁF@%°@B$qﬁ§q#%QRﬁ?&ms t 0 1ERETOHYH anpBAE2EP §6PB§P158§F§?'|S

m xed wth sold owder. (86 to, 92% nmass her eb ie d|n t he sol der
Thato of IRBUIs SR A AR P R Ty 1o Bkt Y b ReRabe HeBCs R £oRRsRn

h h f the d
et edbspirtiay, A A A ?}?Xf%edﬂiﬁ oLy e Bghdgn-Ratese, | ¢
to 8, f | A
bref er rod RN PERZ s R PR oﬁ-gtr‘éﬁgﬁio%%%a%&“ e ionisbBEobi*

a'kano'agkgﬁ%%rﬁﬂéﬂ“ﬂ'fﬁ {?ﬁy't§5f&E$EéE%t'arﬂ -BoL! ES abhpRobLge,
unsat urated am nes allcy am nes aromatic a
isopropyl 4-nitrobenzoate, tert-butyl 4—n1trobenzoate, tert-
butyl methacrylate, tert-butyl acrylate, tert-butyl malonate
and tert-butyl bromoacetate. The amount of the organic acid
component to be added is from 0.01 to 20% by mass,
preferably from 0.05 to 5% by mass, based on the total

amount of flux.

The above-mentioned organic acid ester exhibits low
decomposability even at its reflow temperature when it is
present singly. .Additibn of a small amount of an ester
decomposition catalyst effectively accelerates decomposition
of the organic acid ester. Any ester decomposition catalyst
can be used so long as it accelerates decomposition of a
decomposable organic acid ester at its reflow temperature
with resultant acceleration of acid generation. Among such
catalysts, a hydrohalogenated acid salt of an organic base
is effective.

Specific examples of a hydrohalogenated acid salt of
an organic base include hydrohalogenated acid amine salts,

such as isopropylamine hydrobromide, butylamine



Specific exanples. of the am ne conpound include ethanol am ne, butylam ne,
ant nopr opanol , pol yoxyet hyl ene ol eyl am ne, pol yoxyet hyl ene | auryl am ne,
pol yoxyet hyl ene stearyl am ne, diethylam ne, triethylan ne,

nmet hoxypropyl am ne, di net hyl am nopropyl am ne, di butyl am nopy gyl dyopee

et hyl hexyl am ne, et hoxypropyl am ne, ethyd hexyl oxypropyl am ne,

bi spropyl am ne, isopropylam ne and diisopropyl am ne. An am ne conpound is

added pr t¥IEMARA ORI GR ARAINCYF I NV DI By ST elor @REDE ot AARANDUNt™ of

flux contained in the solder paste. Wen the anount is |less than 0.05% by
mass, thelEhefey kDiyoLttne apVdrebreBifeci ently serve as a pH adj usting
agent. Wien the anount is in excess of 200 by 7 COctober 2002 -13 nmss,
the pH of the sdP§er &5&Stfe FRFOAMRP T s B L31wst 1t IR tiP t & he
al kali side. As a_result, the solder paste tends to_becone hygroscopic. In
order to @YWt PostOptEvelti &Y 1BRSS ji6i nédSpriediv@t, BAPTHF " 2ol = may be
added to the, fluyx. ampl es of such azol es inclyde _benzotriazol e,
benzi ni d%%e]a}gw E(?(yﬁ)'rgéz%Ye{“a?ﬁetPuggepFé’\Fé:jrt Preun: & Yreferably in
an anount of 0.05-20s by mass to the total ampunt flux. Accordi to the
ot hod 1 or ] of nnd ART R B (HeR b B28nEORROBRLPORL 1WoPdsh Suereed o
exanple, is applied to.the surface one of the tals supjected to
j oi ni ng. #\Jé% , RIﬁlléfot Br %rﬁecﬁs B aggﬁ o%o%‘%w‘aers@raf eéat&ewiptrl?steﬂ’et
sol der palste such thg:t th surc{fce t.her eof subj ecieg to 'o'iini ng i s brought
into contAEIERIN 1 nEXCIRIEE SUr F3XF kS AP 120 Y3 dr PpAEFETi £°8Alsed to
reflow thro a pcatjio f heat froma.refl ow heat source, _thereb
[oining ChelherEPBoERbhaPed’ i 8 PRVBR R ER SRFEY | R a3 o
bl ast furJ%g i [ rnace,..a vapor osi deri 3RRharat us
and a lig t-%e’a?ngslapgyérgﬁﬁgag%ﬁiar acfsulsz?’ A% %8%;[g)r eedﬁtﬂvﬁq‘{]hglg&cgnvs ntl onalca
met hod t hats yse razi pal L0{.0l.ng t had _aof i tion
features assﬁ%ﬁpfselfckgr%%e@%lgﬁ%ﬁ%#bhg?igrsgggig?h%i Fg@ %ﬁea(r&g Ilg\%/ [%Jré\déggls's of
the present inv i L es qﬂ)&{@ h C Site f l.der
alloy. In the cgg% %rés’(%%fagr a oysS (%? g‘%-ythga?ld gﬁ Z%-%B?E,nhés)ug%lzlgn(%%
91 Sn/ 9Zn,,, KPPV B2 AR @ 86 S 6Bj i r.f or prefgrably in
t wo stepsu, namarfy, prerheau%g anlg;?éf F}égv E%EQW baskes, Sgpe%l i Ey?
alcohols, ethers and aromatic solvents. Examples of such
solvents include benzyl alcohol, butanol, ethyl cellosolve,
butyl cellosolve, butyl carbitol, diethylene glycol
hexylether, prorylene glycol monophenylether, dioctyl
phthalate and xylene. These solvents may be used singly or
in combination.
A thixotropic agent to be added so as to improve
spreadability in application to metal subjected to Jjoining
may be an inorganic substance, such as fine silica particles
and kaolin particles, or an organic substance, such as
hydrogenated castor oil and an amide compound.
Flux for use 1in the solder paste of the present

invention comprises 20-60% by mass of a resin component,

0.04-20% by mass of a thixotropic agent, 0.01-20% by mass of



-14 7 Cctober 2002 preheating tenperature is 130-180C, preferably 130-150C.
The preheating tine is 60-120 sec, preferably 60-90 sec. The refl ow
tenperature is 210-230C, preferably 210-220C. The reflow tine is 1-60 sec,
preferably 1-40 sec. In the case of solder alloys other tham¢iBgepdgrye. the
reflow tenperature is the nelting poi-d-of a solder alloy to be used plus

20-50C, preferably the . neltin oi,nt pl -30C, whereas the preheating
{enpor at BPe.C T i cROAR G HHGHETNA Dhb2r EPPoWit i MBS faplt A RFERTRCt he
o1 ni ng. TELRBBSICTRP PiLs oAt ] rvontPén S o upPeU Forot of iy ARSI and
na 1| i BLBBCRn o CORVERRT RGPS P TRt hod . PENGrutsy TE T S hg LA | er

o1 ned combonentes BRdmRSAor-SUERBpEREAN (3R BT STRGE parT oh 1 5°

Che. pr ooBAFSPhVBRET oret B4 tr deOTahEr (9r i o0 sPancBe 8¢ nat[r ed
Pher ol St EaRnB SR I dth Ba £ oR ThiY cha T Hor Har BBt 77 or R 78RP0r -
Lonvent | S8l PLor ST RS mePRodC fneatt ne | BTG AEFRSACHF  eoSFosaRt °

i nventiop,li i conmponents whi ch require enhanced heat -is - 7
Qct ober géégeggg i%gf%gﬁ properties, such as heat sinks, power nodul e

substrates, M n +H 0 r esi.s t%rgﬂ Pg[gaf e I
strain can be %E% iggg%g$t¥k%w§%k%£§ %%%F%o;%tﬁgﬁQgh t caé%f%ﬁifofﬁ?ng by
a convenii gpakoRLhqd Sir‘é‘ifqé reftowol epperallgSamIRe 4 avergd gl ow a
conyentiongl IgveF,_aet erndl adverse e?fept on%ﬁgiﬁg%:cgﬁponents,
periphergk elecingptessormnentscandnt her | tke e mbhgatednangnthe
range of selection of electronic conponents for application of the present
i nventiopifieret @ i prireagened pHlhdsusidie Olsleng Meshodngf Hhe pregent
invention can provide el ectronic equi pment” that exhibits performance higher
than t hatoboGRA%ENhQMla £l £CkE 001 smeAEEPMaNE phkaR tdie it nechpsegrct of
the present invention is applied to nobile equipnment, such as nobile
comuni cakirenaequi BAks, NOLEPPRK L CeNPLH 84 Bur §8BBOT &Rl Sedpal a Bi &1 camer as,
rel ease of heat froma heat-generating portion can be practiced in a nore

conpact gmbhAeE, asn6OARamad iW thieeventi onal practice, thereby enabling
reduction in product size. The present invention will now be described with

reference to E§§$@Ef§icb“éé5§558g.'E?it%ﬂetoéhﬂggﬁogﬁﬁEQhﬁﬁi (f%?f@égs 1-9)

Sol der pastes e prepare use of three kin atom zed sol der
powder S, ¢ nenol B BAEIZN o BASUBA 31 M BESRLALY 6BIno G By Dl | Cl e

size of 2 ~ ~m The basic conposition 0O hese sol der” pastes consi sted

of 89~ by188ssmohe$0l ¢Ry1 ROVHETh PIehd 190 By rfasaiek, f | wol yheydtm¥lene

stearylamine, diethylamine, triethylamine, methoxypropyl-

amine, dimethylaminopropylamine, dibutylaminopropylamine,
ethylhexylamine, ethoxypropylamine, ethylhexyloxypropylamine,

bispropylamine, isopropylamine and diisopropylamine.

An amine compound is added preferably in an amount of
0.05-20% by mass to the total amount of flux contained in
the solder paste. When the amount is less than 0.05% by
mass, the amine compound fails to sufficiently serve as a

pH-adjusting agent. When the amount is in excess of 20% by



- 16 - 7 October 2002 consisted essentially of 20% by mass of

di sproportionated rosin and 30% by nmass of polynerized rosin as resin
conmponents, 4% by nmass of hydrogenated castor oil as a thixotropic agent,
0.5% by mass of propyl paratoluenesul fonate as an organic ag toB%rQ?@?
preventive of 0.1% by mass of tolyltribzole and 2% by mass of triethylan ne
as rust preventives, _0.01% by nass_ of dighenyl u qLdine HBr. a§.an,ester
deconposi®aSshr cEial P& 0%, 548 KPRk BRSERA b]rsg’éﬂ Y heX6g8RS cGripourfd /
specified.in Table, 1 below, all relative to the total appunt of flux, and a
bal ance d?hepr%yﬁléﬁétﬁl ol Ehndpkehyl e adS %OF%HEE'TW@%IW%(% t he
sol der powder re.mxed by use of a planetary m xer, thereby obtaining a
sol der pdade %‘4%&0 gb?%‘?%%dh¥8m§£°8é§t‘e exhibited a viscosity of about

200 Pas. The sol der ste was applied to pure al um nu | ate nmeasuring 2
mm (t hi ckness) A725°KARK 250mmPAt SGtceRbral BBPYFBh ABastrT ne® 10 GHISE 10 mm
measuri ng O (TRY cRAoSa TS 0V KoL G chak® pFBRed 1of 1 he prim e
condi 1o iR Pad GSEE ¢ 6 Er I AT TAtbevat (8 BRSO Hha T

of 1he purt BaseReTe. TiRe iy ehelinbroenaY TR Y adBeohaY 0
el | ow st OHOTE e & N i7 Dhen Al KBS phar SP0r Bh e HeN Rondart P2t on of
ool od and t hen SO eE oy e ans® ol CETROl  oF Eonsl i dRCr he B eaed

Lher cof MBS St o7 S0 S e, PROFRE TPot S ance ThardLels ol PR Runt of
25 bl ng G003 achaianl o Ry ARG har SEEE S abrS 1 e TRA basis

of the amyin s yeirds. The HPLRERT St ' &Y hsyRgpRasHE 8N Jhen f lHow ng

manner. A rivet of pure copper having an end 10 mmin diameter was bonded

onto the uur&copastePl 8h8r,0ft10ach 19fe 1 BB FGSE SERPLESEDYsIRPESLON to
adhesive. The tensile strength of the test sanples was neasured at a

tension spaedpf 19 MBHIGEhOY 14 OboAthERSHANH esher . chbE bl wurwhe t he
test sanple had a joining strength of not |less than 100 kg/cnR, the test
sanpl e wahbendpp di sabl dmaerasys eaBNt i sACeghEdeRd &6 t he Fa@MDRhrough
under standi ng, thermal resistance at the joined portion decreases with the
joining sigEngidtidh poact heall yrdesi red tOFf Nbg reddengdurde NottHegspt han
30 kg/cnR. A corrosiveness test was conducted in the foll ow ng manner on
test sanplcEnimatther fRepaepar edkxanmEl dBNLr sschl laarrél ddbahegentsoarret above
. The test sanples were not cleaned of flux and were allowed to stand at a
t enper at ures lofded0C Aod d1kst didynote 908nf dm fE2 dealr Burrtubs eqaentappr-t he
test sanples were evaluated by use of a mcroscope as being defective (X)
when a trdepe didpiain) eblderring cappasavhserarel, aaclceyitatbear Bplwleen nay
slight trace of corrosion -18 7 Cctober 2002

apparatus. As compared with a conventional method that uses

a brazing material, the Jjoining method of the invention
features a simpler process and higher productivity.

The reflow process of the present invention wvaries
depending on the composition of a solder alloy. In the case
of solder alloys of Sn-Zn and Sn-Zn-Bi, such as 91Sn/9Zn,
89Sn/8Zn/3Bi and 86Sn/8Zn/6B1i, reflow is performed

preferably in two steps, namely, preheating and reflow. The



was observed and good (O when no corrosion was observed. Test

results are

shown in Table 1 bel ow. [ Table 1) No. Al l oy ConpositionOrganic Hal ogen

ConmpoundJoi ned Materi al sVoi dsTensile Strength

(kg/cnz)CbrrosivenesslSn-BZn-BBiisopropylanine~HBrAI/Cu~3392§%R§§%2§8bcyclo
n_

hexyl am ne~HBr A1/ Cu0OSS3Sn- 8Zn- 3Bi but y} &4 ne~HBr A1/ Cu~4804Sn-

i hexabr om

ocycl ododecaneAl/ Cu~100 or hi gher5Sn-8Zn-3Bi 2, 2- di br onpadi pi ¢ aci dAl/ Cu~100
or hi gherngSrh&Sxnin@ HexgEmEinsteardisc h30dP80T~10Fedrerably 130-150°C.

hi gher 7Sn- 8Zn- 3Bi hexabr onpbst eari ¢ aci dAl/ A1~100 or

hi gher 8SntiBZnreRhieatdmdonbitearis &8rdAD egoo ryreferably 60-30 sec.
hi gher 9Sn- 9Znhexabr onost eari ¢ aci dAl / Cu~100 or higher Oc7 OCD -, NOON
- 20 - 7 T2 obefl2o02temperature is 210-230°C, preferably 210-220°C.

The reflow time is 1-60 sec, preferably 1-40 sec.

In the

case of solder alloys other than the above, the reflow

temperature is the melting point of a solder alloy to be

used plus 20-50°C, preferably the melting point plus 20-30°C,

whereas the preheating temperature, the preheating time and

the reflow time may fall within the above-mentioned

corresponding ranges.

The solder paste and flux used in the joining method

of the present invention are suited for joining metals and

enables joining at lower temperature as compared
brazing material and flux used in a conventional
method, thereby realizing smaller thermal strain
joined ©portion, lower . thermal deterioration of
components, and lower susceptibility of the joined
to corrosion.

A joined product obtained by the method for

metals of the present invention features lower

with a
joining
in the
joined

portion

joining

thermal

resistance at the joined portion, lower susceptibility of

the joined portion to corrosion, smaller thermal strain in

the joined portion and lower thermal deterioration of joined

components as compared with a joined product obtained by a

conventional joining method.

When the joining method of the present invention is

applied to components which require enhanced heat



(Exanmpl e 10) Through use of the sol der paste of the conposition of Exanple
6 (basic conposition: 89% by mass of 89Sn/8Zn/ 3Bi sol der powder having a
grain size of 20-40 umand 11o by nass of flux consisting essentially of
20% by nmass of disproportionated rosin, 300 by nmass of pol yneyciggd 20091 N,
4~ by mass of hydrogenated castor oil;19. 050 by mass of propy

par at ol uenesul fonate, 0.1o hy. mass of .tolyltriazole, .2~ by mass of

PP ot hyl G SRR D06 B oRBsT = ot Ay Bhatieh e SHBKE 0. BaES ARc i
hexabr onost.earic_acid 1l relati to the total amount_of.flux, and
balance<ﬁu?§%ﬁ%ﬁ%%@ 3?3%%| oﬁﬁgﬁyleﬁﬂgff, gh%ﬁ%ﬁgr Eﬁ%&%Fﬁpﬂ%a§Hang 2
mm (t hi ckne X 25 mmx 60 mmand_a, heat _si.nk 2 of .al um num were .j.oi hed as
shown in %%Sggf t%%eer%%?d%gr%égt gaﬁageaﬁﬁﬁﬁé&etdo at(%hé‘:%eentjiorlel:1 es%\e oarcé Gt the
al um num he i jected to.jiaining thr printin xt ,~.the
copper pla % 1181]1\/\/2&;11%0(?1%%% 5% Sﬁé%éllr’%m Rui (& %gf Orﬁanjt H?%'ﬁ%‘%gm i%nrz}:aeti on
of adhesi o] a [ er ste. Joj ni erfa ng YA of
the refl ow u%%§2§W %%#Fg%%gﬁl|t?0ﬁ55%e&§Q§j%£t%%f?g Fhékbre%;iéﬁﬁ}

t enper at uyr f 150C p e re (refl . er 220C,
as rreasu?le(%’%ln’ tﬁ% sur a%%fof g?ﬁékgggpé?tfgfgtef’?‘Thg\g&éﬁ%{@s&?w"g%eﬂ e
reflow f 0. ] . t.he i t 80 , t
refIOM/t#%e agéMgégecél%%gkgﬁigenC@%ﬁ%ﬁ%%#%%i6%ﬂ§fm?§% ré??%M/g%%bsp_ere
was 2, 000y ppmaeol d oBSErvalion wasggondyc! e d i, t egk SARG MM
undergone joining by use of soft X-fays. However, no - 210 -7 t ober

2002 voi ¢ 45 Anses VEY, ég?@%%h%i%%)d¥;§MQWBré$eE%Gﬁn%en%Eoilwﬂéy%to

substrate 3,7 on one side I ch are nmounted electronic conponents 4 and

the other; $i gec@laeMiCh 1 St al ldyzed 5w hi napl MQ%B%:U” of CORPeHLRIAR S,

and an al um num heat sink 6 were joinéd to thereb abricate a hi gh power

nodul e SLﬂﬁ%éﬁﬁfbnﬁ“d%hrCgkbvﬁége @ieEEPBﬁEcp|@%@iﬁﬁ¥hﬁg hdd a3 tef 0.3
mm was formed on the surface of the alum na substrate 3, and the electronic
conponentge ¥f J¥eiEh FOUMeFhOn tieaC ORIt CidfCUiconvERe isRlder enasite odfic
Exanple 6 was applied to the netallized surface of the alum na substrate 3
opposi t e ddiei girtce WMt {hEn&d estsQ@AtE 6§8NPREEPES sénweiavaEdtiied. The
copper plate 5 nmeasuring 2 mm (thickness) x 25 nmx 60 mm was bonded to the
met al | i zeits sApdiaiced tihy Quugthi Lé | &&d apinent pf sadheasomobAS es kowmuni daltGon?,
this assenbly of the alum na substrate 3 and the copper plate 5 was pl aced
on the swdwigeeit ! e b huddheatess hkcbmeubHegkedntio sjtdilni ”Rgnde@ ashi ch
t he sol der paste of the conposition of Exanple 6 was applied. Joining was
perforneddiedse off t heatef Ifownf uranatea tRefdnew adanmd t ipens iwar e cat udleed to
the preheating tenperature of 150C and the peak tenperature of 220C, as
nmeasur ed poredthieceiir fate af tmbeecoppapadtat endnndihe del t coppededf whahr ef | ow
furnace was 0.6 mimn, the preheating tinme was 80 sec, and the reflow tine
was 3 sec:onventygeh monckeite at tbarebyt beabéfhgwratinospber é nneso2u@@0 ppm
- 22 - 7 Cctober 2002

Slze.

The present invention will now be described with

reference to Examples, but is not limited to these Examples.
(Examples 1-9)

Solder pastes were prepared by use of three kinds of
atomized solder powders, i.e., 91Sn/9Zn, 89Sn/8Zn/3Bi and
86Sn/82Zn/6Bi, having a particle size of 20-40 um. The basic
composition of these solder pastes consisted of 89% by mass

of solder powder and 11% by mass of flux. The flux



Voi d observation was conducted on the test sanple having undergone joining
by use of soft X-rays. However, no void was observed. A netal-to-netal

j oi ned product can be nmanufactured in a sinple process by the manufacturing
nmet hod of the present invention. This method enabl es joi ni ngpkaddtWoo2
tenperature and can prevent thermal sti@&in in the joined portion an

thermal deterioration of joined components. Particularly, inclusio oci Bi
in a sol FHaxte f GEERBL 1IRIMET sOF he YPoi Y ndaSspet a ,ro[%téﬁp%
effectively preventin hermal strain_in_the joined porti.on and thernal
deterior a‘f‘%lso‘r}“ ofa’j‘%i g%léo conponBAES. %fe PBHHFJﬁﬁl od %G1t hé Hr it

invention enables joining of alum nu an, al um num al | oy, copper and a
copper alFTPORHtH hds bBen BRFFI Ot t B LRITH ycg%@rﬁ/eﬁtlﬁonﬁf rfet hod.
Even when .one of netals to be 'o'sped%}i{s al um num or_ an .al um num-al | oy while
anot her HOT LR ppAIT L c(%)'p r Y 1 FPST he i nhdRd ndtHGF LR %I n t he
tals f bly t bl i sion, of j.oi ned duct_ of | I
o, st anc LoRARE [ BEndd PORAAE ShiGh Garibt: DR PrOVIHEd Bg §-1E BV
ti | had.. Fl.ux. which i ined i I dinth
Foining METRAoht T Bakbnt If niBt 13h SScuReSS{#E of STehORLFBRES 48 ¢
iti th b bl i duct i i i whi i se. | | d
i1 by durt SR | B R RGERRG t RS andet | RSB 6o < o Bt w0 B et BFBact® of
| h : o an. oLt of .
ow t er;%%Zés_eééigt@é]&&nﬁés&Pfo#lobgfglﬁggt,'p%r.' Al g m%@% %@%‘H'c%jaﬁtryzfcﬁ

Qct ober corrosron of a joi roduct caused by resi ux is

reduced, I b Sk hahhyweldiabl.g 4 Qi : t.
H%ﬁg@@%ﬁ@ogﬁ%g%% o 2aBh@hhy Heallablg 1 idied Rfodue

The manuf act resent 1nvention can joln netals In a

sinple pr S@otéfeéﬁgﬁnﬁngﬁngﬂﬂ%J”éH%f%iﬂ%i%ﬁ@é 59i§§gpﬁﬁ@%§3§%yéEP0|der

paste and flux used in the joining nmethod o e pres nvention enabl e
j 0 ni ng afod QML SIPEFREET & s t Rer gBY veRabl | neyRr O¥h §konaRh aioi ned quwduct

featuring low thermal strain in the joined portion and | ow thernal

deteri or gddue©f wddidefigempopgntisse Flosx af HhenPfesentmifvent iareanapl es
provision of a highly reliable joined product featuring | ow susceptibility

of the j aduredipoidian 41 & rpsken. A 7rd neHupr @B+GEi il akoedeby gdwre
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measuring 2 mm (thickness) x 25 mm x 25 mm at a central
portion measuring 10 mm x 10 mm through printing by use of a
printing machine. A pure copper plate measuring 0.5 mm
(thickness) x 10 mm x 10 mm was placed on the printed

surface. Joining was performed by use of a reflow furnace.
Reflow conditions were adjusted to the preheating
temperature of 150°C and the reflow temperature (peak
temperature) of 220°C, as measured on the surface of the
pure copper plate. The belt speed of the reflow furnace was
0.6 m/min, the preheating time was 80 sec, and the reflow
time was 3 sec. The reflow atmosphere was a nitrogen

atmosphere of an oxygen concentration of 2,000 ppm.



When the joined product of the present invention is applied to conponents
whi'ch require enhanced heat dissipation properties, such as heat sinks,
power nodul e substrates, MPUs and CPUs, |ower thermal resistance can be
realized at the joined portion than in the case of a conventOefber2opped
product. Since the refIOM/tenperaturelj‘- 24 - 7 Cctober 2002 can be
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catal ysts, and an organi c hal ogen conpound

was measured in the following manner. A rivet of pure

copper having an end 10 mm in diameter was bonded onto the
pure copper plate of each of the test samples by means of
adhesive. The tensile strength of the test samples was
measured at a tension speed of 10 mm/min by use of a tension
tester. Notably, when the test sample had &a Jjoining
strength of not less than 100 kg/cm?, the test sample was
bent, disabling measurement. According to the common
understanding, thermal resistance at the Jjoined portion
decreases with the joining strength. A practically desired
joining strength is not less than 30 kg/cm?.

A corrosiveness test was conducted in the following
manner on test samples that were prepared in a manner
similar to that mentioned above. The test samples were not
cleaned of flux and were allowed to stand at a temperature
of 40°C and a humidity of 90% for 72 hours. Subsequently,
the test samples were evaluated by use of a microscope as
being defective (X) when a trace (spot) of corrosion was

observed, acceptable (A) when a slight trace of corrosion



5. The method according to claim4, characterized in that the ester
deconposition catalyst is an organi c base hydrohal ogenated acid salt. 6.
The net hod according to claim4 or 5, characterized in that the organic

hal ogen conpound i ncl udes bromi nated benzyl conpounds cont & Okf%eR2002
substituent that has an al kyl chain wiigh 10 or nore carbon atons,

pol ybrom nat ed conpounds includiq%lpolybroninated fatty acid conmpounds with
10 or nomescardsmretdnsnthaoocont@ n wbhan oo cdr Qs obrer w2802bs26 viedt.e
brom ne atons in one nol ecul e thereof or golybroninated alicyclic conpounds
with 10 diestorescdrtisornza oifseWhain chalPhenlfBAEOGF nore bronine atoms in one
nol ecul e thereof. 7. The nethod according to any one of clains 4 through 6,
characterized in that the at | east one conponent anmounts to 0.01-20% by
mass, and the organi c hal ogen conpound anounts to 0.02-20% by nass. 8. The
met hod according to any one of clains 1 through 7, characterized in that
the solder paste is applied to a surface of one of the netals, and anot her
nmetal is placed on the surface of the one netal coated with the sol der
paste. 9. A netal-to-netal joined product obtained through the nethod of
any one of clains 1 through 8. 10. The netal -to-netal joined product
according to claim9, containing at |east one conponent selected from anong
a heat sink, power nodul e substrate, mcroprocessor unit and central
processing unit. 11. Sol der paste for use in the nethod of any one of
claims 1 through 8. 12. Flux for use in the solder paste of claim1l.



13. Electronic equi pnment provided with the joined product of claim9 or 10.
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& ()-yyzl P ILY%klo%)%ouse of the solder paste of the composition of
Example 6 (basic composition: 89% by mass of 89Sn/8Zn/3Bi
solder powder having a grain size of 20-40 pm and 11% by
mass of flux consisting essentially of 20% by mass of
disproportionated rosin, 30% by mass of polymerized rosin,
4% by mass of hydrogenated castor o0il, 0.05% by mass of
propyl paratoluenesulfonate, 0.1% by mass of tolyltriazole,
2% by mass of triethylamine, 0.01% by mass of
diphenylguanidine-HBr, 0.34% by mass of hexabromostearic
acid, all relative to the total amount of flux, and a
balance of propylene glycol monophenylether), a copper plate
1 measuring 2 mm (thickness) x 25 mm x 60 mm and a heat sink
2 of aluminum were joined as shown in FIG. 1. The solder
raste was applied to the entire surface of the aluminum heat
sink 2 subjected to joining through printing. Next, the
copper plate 1 was bonded to the aluminum heat sink 2
through utilization of adhesion of the applied solder paste.
Joining was performed by use of the reflow furnace. Reflow
conditions were adjusted to the preheating temperature of
150°C and the peak temperature (reflow temperature) of 220°C,
as measured on the surface of the copper plate. The belt
speed of the reflow furnace was 0.6 m/min, the preheating
time was 80 sec, and the reflow time was 3 sec. The oxyvgen
concentration of the reflow atmosphere was 2,000 ppm.

Void observation was conducted on the test sample

having undergone joining by use of soft X-rays. However, no
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side of which are mounted electronic components 4 and the
other side of which is metallized with molybdenum, a copper
plate 5, and an aluminum heat sink 6 were Jjoined to thereby
fabricate a high power module substrate. A circuit made of
copper plate having a thickness of 0.3 mm was formed on the
surface of the alumina substrate 3, and the electronic
components 4 were mounted on the copper circuit.

The solder paste of Example 6 was applied to the
metallized surface of the alumina substrate 3 opposite the
surface on which the electronic components 4 were mounted.
The copper plate 5 measuring 2 mm (thickness) x 25 mm x 60
mm was bonded to the metallized surface through utilization
of adhesion. As shown in FIG. 2, this assembly of the
alumina substrate 3 and the copper plate 5 was placed on the
surface of the aluminum heat sink 6 subjected to joining to
which the solder paste of the composition of Example 6 was
applied.

Joining was performed by use of the reflow furnace.
Reflow conditions were adjusted to the preheating
temperature of 150°C and the peak temperature of 220°C, as
measured on the surface of the copper plate 5. The belt
speed of the reflow furnace was 0.6 m/min, the preheating
time was 80 sec, and the reflow time was 3 sec. The oxygen

concentration of the reflow atmosphere was 2,000 ppm.
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having undergone Zoining by use of soft X-rays. However, no

void was observed.

A metal-to-metal joined product can be manufactured
in a simple process by the manufacturing method of the
present invention. This method enables Jjoining at low
temperature and can prevent thermal strain in the Jjoined
portion and thermal deterioration of Jjoined components.
Particularly, inclusion of Bi in a solder paste further
lowers the Jjoining temperature, thereby more effectively
preventing thermal strain in the joined portion and thermal
deterioration of joined components.

The joining method of the present invention enables
joining of aluminum, an aluminum alloy, copper and a copper
alloy, which has been difficult to perform by a conventional
method. Even when one of metals to be joined is aluminum or
an aluminum alloy while another metal is copper or a copper
alloy, the invented method can join the metals favorably to
enable provision of a Jjoined product of low thermal
resistance at the joined portion, which cannot be provided
by a conventional method.

Flux which is contained in a solder paste used in the
joining method of the present invention assumes the
aforementioned composition, thereby enabling reduction in
voids which arise in a solder alloy during joining, and thus
enabling provision of a Jjoined product of low thermal

resistance at the joined portion. Also, the potentiality of
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corrosion of a joined product caused by residual flux is
reduced, thereby enabling provision of a highly reliable
joined product.

The manufacturing method of the present invention can
join metals in a simple process, thereby enhancing
productivity of joined products.

A solder paste and flux used in the joining method of
the present invention enable joining at low temperature,
thereby enabling provision of a joined product featuring low
thermal strain in the 3joined portion and low thermal
deterioration of joined components. Flux of the present
invention enables provision of a highly reliable Jjoined
product featuring low susceptibility of the joined portion
to corrosion.

A joined product obtained by the joining method of
the present invention features low thermal resistance at the
Jjoilned portion, low susceptibility of the joined portion to
corrosion, low thermal strain in the joined portion, and low
thermal deterioration of joined components, thereby
exhibiting high reliability and enhanced heat dissipation
properties.

When the joined product of the present invention is
applied to components which require enhanced heat
dissipation properties, such as heat sinks, power module
substrates, MPUs and CPUs, lower thermal resistance can be

realized at the Jjoined portion than in the case of a

conventional Fjoined product. Since the reflow temperature
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can be lowered below a conventional level, the range of
selection of electronic components for application of the
present invention thereto is expanded, thereby enabling
provision of electronic equipment which exhibits performance

higher than that of conventional electronic equipment.
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acid esters and ester decomposition <catalysts, and an
organic halogen compound.

5. The method according to claim 4, characterized
in that the ester decomposition catalyst is an organic base
hydrohalogenated acid salt.

6. The method according to <c¢laim 4 or 5,
characterized in that the organic halogen compound includes
brominated benzyl compounds containing a substituent that
has an alkyl chain with 10 or more carbon atoms,

polybrominated compounds including polybrominated fatty acid

compounds with 10 or more carbon atoms that contain four or
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more bromine atoms in one molecule thereof or polybrominated
alicyclic compounds with 10 or more carbon atoms that
contain four or more bromine atoms in one molecule thereof.

7. The method according to any one of claims 4
through 6, characterized in that the at least one component
amounts to 0.01-20% by mass, and the organic halogen
compound amounts to 0.02-20% by mass.

8. The method according to any one of claims 1
through 7, characterized in that the solder paste is applied
to a surface of one of the metals, and another metal is
placed on the surface of the one metal coated with the
solder paste.

9. A metal-to-metal joined product obtained through
the method of any one of claims 1 through 8.

10. The metal-to-metal joined product according to
claim 9, containing at least one component selected from
among a heat sink, power module substrate, microprocessor
unit and central processing unit.

11. Solder paste for use in the method of any one of
claims 1 through 8.

12. Flux for use in the solder paste of claim 11.

13. Electronic equipment provided with the Jjoined

product of claim 9 or 10.



