18 MAR 2005 DESCRI PTION Pb-free Soldering Alloy Technical Field 51ﬁrﬁ@$
present invention relates to Pb-free soldering alloy that does not H@%
any anount of Pb. Background Art In the past, sone Japanese patent
publication | aid-open 10 such as Japanese patent publication | aid-open

10- 13015 and Japanese patent publication |aid-open 11-277290 di scl osed

Pb-free soldering alloy conprisi o N Sn and not including any
ST AR

anount of Pb. The above-nentione ent publication laid- 15 open
10- 13015 di scl osed Pb-free fohderenGalde@yinagpmiibying Ag, N and Sn and not
i ncl udi ng any amount of Pb but did not disclose their concrete contents. On
the ot her hand, the above-nentioned Japanese patent publication |aid-open
11 - 277290 edesicoseEibhdf ree soldering 20 alloy conprising Ni of 0.01 to
0.5 wt_% Ag.of 0.5 to 3.39 w_.%and, Sp of the bal ance. wever, of 0.5
Lo 3 b wt " NGB B8EM: ATV JOToNcAba Rt tank B ads SAREERG 2BV hi gh
anount tothhe FeBls’ Aot indUFd etA8yeawPSuAtpsPIPigM that nuch amount of Cu
conprised in a printed-circuit board 25 to be jointed by sol dering was

reduced to be diffused in the soldering alloy whereby resulting in | owering
the nechapgLe#greumen@im of the jointed part of the printed-circuit board.
Furthernore, in case the anpbunt of Ag to be added was . less than 3.5%
relative to!Phth &nP@&it: 0P O8N ¢RP X %@sP@éef@o%ﬁl)ﬁﬁ@tb‘P“shab‘f'e%Psi”t ated as

13 -3 ag shmt ‘E@ derpsh @lé‘.ret pé@dpﬁi%@bﬁﬁﬁ%rﬁktdﬁ) L] mbagalc;gs}wdt_
;occurred on the upper ayer 0 e sol.dered par I sql.i i cation.
Thus. 1 he BRATSS Sop AtRa b PAtiE at e i b ore Bo br aad:ad0pRi3 £ el weri ng
al l oy whi pip-dpee ai|dgdhydeaidoy 2amplioing SAgRPNiWaired Brrevents natch
anount of, Cu Cé)rlr_Prlsed in the pr*rHed-m rcurt board from being reduced to be
di ffused Imcluding any amount'of Pb.

The above-mentioned Japanese patent publication laid-

15 open 10-13015 disclosed Pb-free soldering alloy comprising
Ag, Niand Sn and not including any amount of Pb but did not
disclose their concrete contents.

On the other hand, the above-mentioned Japanese patent
publication laid-open 11-277290 disclosed Pb-free soldering

20 alloy comprising Ni of 0.01 to 0.5 wt.%, Ag of 0.5 to 3.39
wt.% and Sn of the balance. However, Ag of 0.5 to 3.39 wt. %
was comparatively low amount and Sn was comparatively
high amount to the contrary. Thus, there was a problem
that much amount of Cu comprised in a printed-circuit board

25 to be jointed by soldering was reduced to be diffused in the
soldering alloy whereby resulting in lowering the mechanical
strength of the jointed part of the printed-circuit board.

Furthermore, in case the amount of Ag to be added was
less than 3.5% relative to the amount of Sn, the excessive

30 amount of Sn precipitated as B -Sn at the soldered part and
fine cracks by the shrinkage cavity occurred on the upper
layer of the soldered part during solidification.

Thus, the purpose of the present invention is to propose
Pb-free soldering alloy which does not include any amount of

35 Pb, which prevents much amount of Cu comprised in the

printed-circuit board from being reduced to be diffused in




1 18 MAR 7005 the soldering alloy and fine cracks from occurring at hﬂﬁﬂ
sol dered part by conbining Cu conprised in the printed- circuit bo @

Ni conprised in the soldering alloy and which in addition keeps high
mechani cal strength at the 5 soldered part. Disclosure of Invention Pb-free
sol dering alloy according to the invention defined inclaimlis
characterjized in that it @6 Q& 0 001 to

1.0 wt. %Hne 8RIELTIRE l?d?‘éﬁcéms‘g 'fA'%eecrs%?gér Fl%”hl ?8@" Bordfhg 6 the

i nventionggedeped pélncltayrrbambm &debmpdlsmdcimhmé wmnéed it
i ncl udes further one_ or

f 0
Accor di ngCé Uife biorascht Wbk d§1' i ‘HQH‘PHS@I% rﬂGethOe Q&° @ér'&gqrp?ﬂsoyj Efpﬁdt he

print ed- cy \v,“ht |t?|0aééd'|$ocﬂek@@t;ﬁsi hrem rbeicing wiid4 lusetd eing theasothler i ng
all oy by ad Nl to Sn-Ag soldering alloy. Thus, in case of soldering a

Cu fihe I$ﬁede§ﬁé’hpﬁs'ta | ead, | ess ampunt of Cu is precipitated fromthe Cu
fine line to the sol dering aIon As the result, the prevention 20 of the

reduction of Cu of the Cu fine line and the suppression of the reduction of
its di anePésctapukgepfilnveBéiRihical strength itself. In addition, as Ni is

di ffused 'nr’t51Qr§%| @%ﬁtj@hﬁ?' aYloy e c gpehagi althst (enghhioh dedimelder i ng
alloy itselt can

advanta e Even when an el e part
and a priift edadm cuiie ﬁb@rf@Ct@rréZ&S’I g'é @W%V‘&%Wﬁ'?@ﬁa%%n f’bi 252|t ering

alloypg Qusi§ wRI4CI Rij té‘f Qﬂddpmmoe th % @f n &8 npoif nithesd-bea raemic e . boar d and
IS dlffused In the soldering all wever, . in.case,sol deri | 1 oy
i ncl udi ng PB’Q:aflﬁeﬁoﬁoﬂgerUQSdaE Y@a%%?lrgHég %te&éggegﬁ'%ﬂvgfémﬁt al

probl em @nd; 2 rz%eissqheqr larsgd%fhmed nAl gdane $nwheneimaitt! in¢kudesd
DSt end, LS H oSF ashrhsols Bo P ZACGEY b0t £B 126! erdna alloy

According to the invention defined in ctaim 1, Cu

15 comprised in the printed-circuit board is prevented from
being diffused in the soldering alloy by adding Ni to Sn-Ag
soldering alloy. Thus, in case of soldering a Cu fine line
such as a tead, less amount of Cu is precipitated from the Cu
fine line to the soldering alloy. As the result, the prevention

20 ofthe reduction of Cu of the Cu fine line and the suppression
of the reduction of its diameter can keep its mechanical
strength itself.

In addition, as Ni is diffused in the soldering alloy, the
mechanical strength of the soldering alloy itself can be kept

25 advantageously.

Even when an electronic part and a printed-circuit board
are soldered by conventional Sn-Pb soldering ailoy, Cu is
precipitated from a Cu foil of the printed-circuit board and is
diffused in the soldering alloy.

30 However, in case soldering alloy including Pb can not be
used by reason that Pb causes an environmental problem
and Pb-free soldering alloy including Sn principally is used
instead, more amount of Cu is precipitated than in Sn-Pb
soidering alloy and diffused in the soldering alloy because

35 the more amount of Sn is included in the soldering alloy, the
more easily Cu is precipitated and diffused in the soldering




35 the nore anobunt of Sn is included in the soldering alloy, the g@gﬁ
easily Cu is precipitated and diffused in the soldering 2 18 MAR 2 l3{;1Im3y
Thus, the Pb-rich soldering alloy has been used inevitably to prevent much
anount of Cu frombeing precipitated and diffused in the soldering alloy.
From t he above-nentioned reason, Sn-Ag-Cu soldering 5 alloy and Sn-Ag- Cu- Bi
sol dering all oy reduce the rrechanl cal  strength of a Iead to be s S(r)?leéjered

because tRHOY:i nch P8l tEEhsPib-tbmh $ldeinGs ahodhdh@feybefiste Y

preci pi t atd Wit ad 1§ th@ gbfévéh@“ PludPr amEHt  of 8 u hapo e w@mvgnt i onal
type soldering allo Accor di to . the present invention, as the anount

of Ag HET%BHH“N%@%IQ)‘& H‘ﬁ@dl th3he s@ldering, %'W]Ych is nore than in
the convent Fega tuee,aﬁbeeawmudﬁeé TeRddnt h§n-F0§ JEU NYo PRI PId S | ess.

Owing to multiplic ffec t res nce of fine Ag3Sn and the
S 1951 0 ADRyENd B Ao ST Soldebtna alinborodne et ahbE b gAnea F

rai sed. |atrageiginons @ rfetwdtéh@te té‘@f@é‘fieﬂl Qj”e@éuN'e prreyerptreeﬂcmai of the
Cu foil onthe prlnted circuit om bei n i pitated gdlffused
T the shOBATHAGNT gy e 8 ngnt Snchd Nax RYSR G6E RIFGIPILALIOR o ae
any one iﬁdofh@fdﬁfgfsnﬁ’n SR nPdife GEmot i ofIGuadies the tlervehdrsnap al | oy
by 0.001 to the oxidation of the soldering alloy during soldering,

t he gener%ﬁﬁ%rﬁ% C(%F'db% 4'3%Yuppressed and good sol dering capability is
gi venQ 25 B&%&:d\mehg qro Carr Yred it ihvedteent agnthée @mbaint tdfe Agy esent

et o SN T8 PO eRPLER kol o Fo o LT 15 BED S,
of 0.05 fHaminothe obn&&ﬂbn%lamylpbhetMesan‘ﬁouwﬂ 86. 13! -8&n %rneth e 2251 .
'n Exanpl eo?detrpnaé alto@blgrlggs O(Ingelrn'gngoa{ ymﬁ?%rliéép%é\"effects of
the presence of fine Ag;Sn and the diffusion of Ni, the
15 mechanical strength of the soldered joint is raised.
In addition, We found that the addition of Ni prevented Cu
of the Cu foil on the printed-circuit board from being
precipitated and diffused in the soldering alloy.
According to the invention defined in claim 2, as any one
20 ormore of P, Ga and Ge is or are added to the soldering alloy
by 0.001 to 1 wt.%, the oxidation of the soldering alloy
during soldering, the generation of dross is suppressed and
good soldering capability is given.

25 Best Mode for Carrying Out the Invention
| We explain the present invention showing some Examples
below.
As shown in table 1, in Example 1, the melting point of
Pb-free soldering alloy comprising Ni of 0.01 wt. %, P of 0.05
30 wt.%, Ag of 3.8 wt.% and the rest Sn of 96.14 wt.% was
2257T.
In Example 2, that of Pb-free soldering ailoy comprising Ni
of 0.05 wt.%, Ga of 0.05 wt.%, Ag of 3.8 wt.% and the rest Sn
of 96.1 wt.% was 225T .
35 In Example 3, that of Pb-free soldering alloy comprising Ni
of 0.1 wt.%, Ge of 0.05 wt.%, Ag of 4.0 wt.% and the rest Sn




of 0.05 wt.% Ga of 0.05 wt.% Ag of 3.8 wt.% and the rest Sn %%

was 22500 . 35 In Exanple 3, that of Pb-free soldering alloy corrprl M@‘im
of 0.1 wt.% Ge of 0.05 mt.% Ag of 4.0 wt.% and the rest Sn 3 1 0 MAR 2005
of 95.85 wt.% was 227 . In Exanple 4, that of Pb-free soldering alloy
conprising NN of 0.3 w. % P of 0.07 wt. % Ga of 0.03 wt. % Ag of 4.0

W. % andyflag %twﬁryoqﬂ,a%z@m%vx/as 290C 5 I n Exarrple 5, that of
Pb-free soldering all oy % of 0.05 wt

conp n of
0.05 wt.% A &Xammie &ndhtarieofégtﬁ fSﬁeoﬁoéQeJ'RB %kﬁa)gcmprishnﬁx&m e

that of P e | gler pn I r 1 % f %
Ge of 0. O%ffb %ﬁi % P48f54jvw%vggdwa:?h?@];®rgsjht ® \M% 6t 2 @%vﬁ/aggﬂoc?

I'n Conpar@n&iet@a'rﬁﬁbsln afth&®6 . 6f With % MeasséBlekri-ng aI | oy corrpri sing Ni of

0.05 v % 4 0 |
Conparatlve %X%fx%rrﬁnl‘@ts tm\gl éh?’l?ﬁﬁbesﬁo‘?grelrﬁg §|I\M é’d’kﬁ?gﬁ%ﬁ IIFI\: o

0.1 wt.% oHgOob 3vt3%mt Gaanll Q{5 rwtt%, fweofol. 95wtwb rﬁwas‘\gzgdb 4.9

Conpar at i EXﬂ.[@ t q@af 4Phqf 6e I igng al | oy corrprlsmg Ag of
3.5 wt. %\dﬁﬁ}i s% gnﬁg)? 8% Qlt ({76%@9 gj%‘sg@ZO Usi ng these types, we
sol dered Cu lIri Ee@MIQGsé@@id@f ﬁb -f35@ 5A4dE00N Bea Jet CRMP rastn 8xdlhi ned

the reductdog odly: Gy apDRY Ha Wi spolctersrlonet vl o0 Ab e 4. shgy. e

result, we foun usi ng ~atded sol dering could “suppress
the pr@ci mndtﬁfm rcﬁstcﬁrbfofca4l Aned . #ndv @ $s4 ADE usi on 25 in the sol dering

alloy. 30 4 18 MR #0P2ti¥ Example 1, that of Pb-free soldering alloy
comprising Ni of 0.05 wt.%, Ag of 2.5 wt.% and the rest Sn of
97.45 wt.% was 224T.

in Comparative Example 2, that of Pb-free soldering

15 alloy comprising Ni of 0.1 wt.%, Ag of 3.3 wt.% and the rest
Sn of 96.6 wt.% was 2237TC .

In Comparative Example 3, that of Pb-free soldering alloy
comprising Ag of 3.5 wt.% and the rest Sn of 96.5 wt.% was
2217C.

20 Using these types, we soldered Cu lines for 2 seconds at
350C and 400TC respectively and examined the reduction
of Cu amount at the soldered part of Cu lines. As the result,
we found that by using Ni-added soldering alloy we could
suppress the precipitation of Cu of Cu lines and its diffusion

25 in the scoldering alloy.

30
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Furthermore, in order to examine the mechanical strength
at the soldered part, we inserted a square-sectioned pin in
1.2mm X 1.2mm made of brass coated with Sn into a hoile of
1.8mm in diameter of a Cu-pattered printed-circuit board

5 whose land circumference was 3.0mm and soldered them. In
this case, the soldering alloy was 30mg in weight and we
prepared the test piece using liquid flux and a soildering iron
for soldering. The temperatures of the iron tip for the tests
were 350TC and 400T and the soldering time was 2 seconds

10 in both the cases.

We pulled off the pin from the test piece at 10mm/min in
tension speed using a tension tester and measured the
tension load required for pulling it off. We measured it five
times for the same test piece and calculated the mean value

15 of the measured ones to show it in a table. In addition, in
order to measure the weight of the generated dross, we
jetted soldering alloy in a jet solder tank for 8 hours and took
out the generated dross to measure its weight on a balance.
Table 2 shows the total weight of the dross jetted for 8 hours

20 and its average weight per hour.




LUWLLI WNOW OV WU U Lo 5 18 MAR 2005 Furthernore, in order to exa iﬂﬂf
mechani cal strength at the soldered part, we inserted a square- ségﬂ@%
pinin 1 .2mm X 1 .2mm nmade of brass coated with Sn into a hole of 1 .8nmm
in dianmeter of a Cu-pattered printed-circuit board 5 whose | and
circunference was 3. 0mm and soldered them In this case, the sol dering

all oy was 30ng in weight and we prepared the test piece using liquid flux
and a sol derlng iron for solderinglatfthe 2enperatures of the iron tip for

the tests vonesiate sndet0somandsine, gl dpstadqbiny 465 2t aggends 10 in

bot h thﬂ I" C T LILLELY TC | e ) PHefe ERvARERY L

t ensi on speed using "a |t ensi 6B NSISMELeshd mea:ur‘@ﬁ'ghg of QRN BRaI B reqw red
for pulljng it off. W measuredXittO¥NVe tinmes for thedBRHE test piede and
cal cul atied the mean value 15 of the neasured|ones t@eshdBQHkgn a table. In

addition, in order tg nmegsyweE the wei4gj“g°(pf t hetgeaker at ¢d avessgewe| jetted
30| dering alloy in a jet S I rt nlk 28 h)grsvéi,%ttoo thoutenglm gé=neL?t e?
frovs T rmasire 12 v gl g gt THS S nagetoh A g
2005 Tabl eEXamaplptd qof ter353| on tlest 3.dnd df os% ‘b%rka@at onotathKQtprm on
t est wei ghE xafmgéneRatled (8.802N) dr 0s<8.1 .44 kg 0.31 kg

Example 3 3.7 3.2 2.41 kg 0.30 kg

Example 4 3.9 3.2 2.35 kg 0.29 kg

Example 5 4.0 3.3 2.22 kg 0.28 kg

Example 6 4.4 3.6 2.11 kg 0.27 kg

Comparative 3.0 2.8 4.35 kg 0.54 kg

Example 1

Comparative 3.2 3.0 4.25 kg 0.53 kg

Example 2 -

Comparative 3.2 2.9 4.18 kg 0.52 kg

Example 3




per 350t 400t total average X 2 X 2 wei ght wei ght secondssecondsfor 8 hrsper
1 hr Exanpl el3. 33. 12. 43kg0. 30kg Exanpl e23. 43. 12. 44kg0. 31k

Exanpl €33. 73. 22. 41kg0. 30k Exanpl e43. 93. 22. 35k0. 29kg 1BNWRINE
Exanpl e54. 03. 32. 22k0. 28kg Exanpl e64. 43. 62. 11kg0. 27kg Conpar ati ve

3. 02. 84. 35kg0. 54kg Exanple 1 Conparative 3.23.04.25kg0.53kg Exanple 2

Conpar ative 3.22.94.18kg0. 52kg ExanftleABE 18 MAR 1005 CLAIMS 1. Pb-free

sol dering alloy characterized in that it conprises Ag of 3.5 to 6.0 w.%
Ni of 0.001 to 1.0 wt.% Ga of 0.001 to 1 w.% and Sn of the bal ance. 2.
Pb-free soldering alloy as clained in claim1l wherein one or nore of P and

Ce is or af epEgerdsdi@efing alel ddarddeAtédh BatOt @8hprRed AY o103 810 6.0
wt.%, Ni of 0.001 to 1.0 wt.%, Ga of 0.001 to 1 wt.% and Sn of the balance.

2. Pb-free soldering alloy as claimed in claim 1 wherein one or more of P and
Ge is or are added to the soldering alloy by 0.001 to 1 wt.%.




