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The universal lead-free soldering material of the 

present invention thus manufactured not only h~s a melting 

temperature suitable for wiring general electronic 

components, but also has a narrow solidification range so 

as to be advantageous for stepwise automatic soldering. 

Further, it has improved mechanical strengths compared 

with the conventional Sn-Pb soldering material. 

Now the present invention will be described based 

on actual examples, but the scope of the present invention 

Y1ill not be limited by the specific examples. 

· 'SJEaHffl 10 1 

El1n·enti ... e eJEample 1> 

Pae fftetallie iBgredieH:ts SH:, Ag aH:Ei Bi ·.mre 

weigfl:ed 'te tfie OOHl:pOSitiOH ShOWfl in: 'Faalc 1 eeleu. 'F'fte 

cast:ing was carried out ay ffteltifl§ tfie eompesit:ioft ift a 

vael:lutft o"f over io-3 t:err by ttsiag a vaettttm indnction 

furnace. For the alloy taus fftanufaetured, tfic solidus 

·line t:efft~erature and tfie liEfl:lidus line temperatttre of the 

•Solidification proeedure were ffieasured, aRd t:A:e ft\easurcd 

results are shown in 'Fable 1 below. 
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E':Ffli>lc 1> 

Ag 

Sn~=-=-=-----== 
Bi Solidas li:ae temp. Liqaidas 

----
line 'EOfftp. 

3.9% 6.1% 22eoc 

~,b.J..A--±.,-~~~ee-:t·~n.-v-"cntive for tfie l: " 

kle 1 'lil..2.~---en~nMdr--~t~h~e 
_..:

n..s...-&lie111~-:1:· :r.in,....,.,.T..,.,at:11 ' o,... == ~ .... -- aa9-e, As BnEh 4'"Fe '"as 
Hae Mmpera- -.<loile ---t*':fhtt:e~-:l:l4i~E!ftttt'ii~attttttsr----; 2 g g o c , . 

• •n was ~ ~ha~ ,., ~»ure "*""• - -..c..4"~i,,Ql~~~1~3:~·sene~~t~eam~perut . app~~ 
:t:-n:- mftUS it l:S 

seli<i>ls ag•c T a-:t:.-re~-s~oHl~dke~r~i~n~g9"" ft§C was . -d free 'A'ELea~ieB r<r · sal lea 
Seli~h~ a uuver 

"table as is Sl:ll:t= ~~-fttia-:e.~e~r~i~a~ll:-:1:e-~~ the Htat • 

lftaterial 

the 

~aterial. 

~. tac east 

lff03.6"1:FO 
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·<'l'abl8 2> 

SH A§ Bi Sel:i:el:!s J:iee t.emp. Liqu.ieU:s l" :l:Be 6 amp. 

90% 3.3:% 6.9% 195°C 

:A::o~·::k~~~~~~all>±E>--;!-~al>"""'1r-~-'l'ft.e~~·-· 
ttown . ie 

., t; Table 
.a erial 2 h--' 2 abe··e ••-~ w I %e araet:er· XftVefte·--

• t:.,.,.. xeHee S"eh -th ...::l: ve 

r~ret!ttF ~ n ~nat: e """ 218•c Uie i · · 
c1 El>e xqttxdtts l" 

195"C selidtte i-~ne 
' aft& t:he aeli.i·~- xae Ee"'!'eraEtt 

Th hieaHeft b re """ 
~•ref ere e""'!'eret:ttre . ' t;l>e mat;erial ' r<>nge WM l3"e. 

""""enal l A """ Very ., eaw f~ee l A>el> attit:aBle 
se derina as a 

" :material. 

< IFPJ'Cilt. TT J: • e eJrample 3i> 

~·~~~~~~~~~~:":~l:n:~T~~h~:~~~~~~~~~~~~:a:'':i:n:a:~a ·inert -r t:J-- ~ '- ~ -gas n,

2
, a"'" :1:1elew . ·a '~ , ~ " • melt; d . 

f 4llesphere b . ec >R "" 

ttFRaee, t;h 'i ttein.j a ne p.-en ........ - . ~•ttre ef ... xndtteEien 

~ffi~ai::n:t:a~i·:n~ed:~~~~~~~~~~t~fi::c~i·:n~cr::t~R:a~s~~~~~~~~~ n 

at: 259 399 ., bar. • at:~sphere b . 

:~f:e~r~t:k~~~..___,.l-,l-e;>,-~~..,.~~:h~en:~c:a::t~·~ eing 
tte cas..,. ..::inn ·. ~ allov, " was ca . 

t

• , t;• rneEl eut 
nC liquid»S ttO solidH.S ;!, • at, ~ linc1ne tom t:e111f>erat:~ pero~~rs oAd 

• Jll.QaS\U"QQ re 'o'CFC 
r&s~lts :::--~ffi~e~aa-s-suu~r~e~di-;-~-irA-4:i-.....t:..:h~ 

are si.e"A - ' ••Ei Gh 
.. in Table 3 belm.• 'e 
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<'i'ablc 3> 

•8L7% 3.3% 15% 

AB in 

J..i.a.8 temp 

':Fable 3 above, the · 8 .. cati'V·e l: '" 

liquidus line SUCft t:fiat: t:he ' ....... ~~i:-&±-~..fti:t&-eit.:t:r-c:i-e:t:.Et:e~r~i~s~t:ies , a has eharae . 
-ateFiao • n ''Qys l1ae 
nr'C t.he SO:t:l: 
tomperat.u.r 8 'u'a.S t\:lre r,,·as tempera 

r as 26°C. range •t 
selidifieatiea aterial 

t that the fft apparen . i 

it ~as . ma~oria •• 
soldf!ffl:Bg 

eaR be used 

LJ:.-~ffi"t~"i:¥e-~c~x~aHm~p~~C~r- material -ETR"v"CHtive ·-· -~~~~l~:4:~~e-~...,~lel0"±11tlf~_,....,~~~~:h:a::·v:l·:R:g~:::a -x noldcriu~ d ·= l~ad fre maattr • 
l\ Belew "ae e ~ +aceurc l:n 

· Tal>l• 4 aad 
She

·•a ia A' e 3 , as -- ' · ""amp cem~e sit ion h iftvcHt ivc 
that of t c '

-=-~e--Ht<~~,fl:~o~di-aa-ssr--'IE-tti fflcasured 
s affte ffte-.:: 

the se ~Re lidifieatiea 

:~~~~fft:~at:e:r:i:a:~±-~~'-<..,,..-...i..,.,...-i,...~T~aHb~l~ee-~4---'lb~c~lroe-~:. maa1ifae£1H;ed are she"" i• 
t:.emperature 

results 

for tfie 

of ffiC69\:lFCd 

-1-1-
. -------

M}t. 
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<':Fable s~ 

SR Ag Bi Solidus line te~. Liquidus liRe teHtp. 

~4.5% 3.5% 2% 21s 0 c 22ooc 

As saow~a in Ta:blo 5 asouo I 

FRat.erial aa.viB§ a. composit.ion as shown in Table S had: 

cfiaractcrist.ies SYCB t;aat t.ae liqYieYS line t.ompo;r=ati..iro was 

220°c, tee soliel:ls liI'l:e t.eFRpera.ture was 21s 0 c, aRe t.J.:ie 

solieifieat.ion t.emperatYre ran§o was 5 °C, Therefore, 

tfiis ma'terial was a fiigfi Hl:elt:iRg teH1:perat\:U"e leas. free 

soldering FRatori•l. 

n -- a 

coFRposition as shown in Table 6 below was FRanufactured in 

t:he saFRe method as teat of tac comparative eJca1t1ple 1, and 

tJ.:ie FRcasured values are shown in Table ~ bolo••, 

<Table 6> 

. £n •"•9 Bi 

•93 99.5% :t. 5 z% 5% 

Solidus 
temp. 

2ttce 

line Li~1:1ieus line 
temp. 

zz3 236°E 

------- ~-----­
~--:·---------- ----------

-·----~:-:---.. ---~. -
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AB BftO'W'ft iH '±'able above, tac solderiBg 

, :m&teria l . shown ia '±'able 6 cgmposit.1oa as 

•efiaraeteristies sHea t~at the t re was liqYidas line tempera H 

223 236°C, the Bo lidtts liRe temperatttre was 211°C, 

tac s~lidifieatieH tempeFatttre range was 12=25°€. 

'Pherefere, this material was ~ a fiinh meltiag tcmpeFatttre 

lead £rec selclerin9 material. 

, Ex amp 1 e 2 ...!~,e...-J:;a"J~~:i:¥Q--HH3:.t..~~t..J:....~-¥ffi.;i:-e&--w-T.:HT--e!eil~ee-e€1-. -er-£ 
. "'l 2 uhiel=l was eo'ftlposcd e ·The "" ... ~nveative materia± - . 

,gn J.1%Ag 9.9%Bi, aad the eomparative 'ftlatcrial 3 whid1 \vas 

d f Sa J,5%Ag 4.5%Bi, d · tl:le air by were melte in 

~ indYction fYrnace, Ysing ... "" easting · .. 1as carried 

.and 

, 1.ra SS 

the 

measYred, t.l:le wet.ability •,iras 

measured resulte a.re shmm in FIG. 1 · 

.1\s shown in FIG• 1, the iaventivc 'ftlatcrial 2 

8 yperior in t 9 t k eemRarative h wetability overne ~ 

· solderability. tl:lereby showing a sYperior ~•~9riol ~. h 

-L~ei:~d~e~ri::--;t&eo-ss.ec!-EeHt~h~ee-im:fl<eeeef:ifi:-aatfni-:iiHc;:;.;aa-l±-pprroee1pt-t:e~r~t::E--1:i:-·~ esrlf:-ee'1r~t~f1"c:-e In or . 

. cotment ional . . l and tAe lead free soldering solder~ng ~ater1a 

material according to tac present invention, 

conventional soldering matcria 49pb aA:d tl:le . 1 co'ftlposed of Sn 

to tfieir mecfianical . 1 2 "ere mcastircd as · 'ftlateria " 
iaveat1ve "fG ~ 

re atilt::s arc shewn in I.. 'Pfie H\castired .., 

prep er 1:: i cs-~· -~te'ft'fl~tft'--F-+Ei-:-~;----t-ft€~~~fH:~re--ftla-t::-eiE'-i-· ~l:--2~H .. w-J~as tfie iRven'Eive H\a'Eeria • sl=lewn in FIG. 2, 
n5 h 

. eJctreH\e ly sl::lperior in tl:le tensile strcn§'EA ever t e 
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suggests 

mh.i+:;-- terial of the 
soldering ma l4Elad free 

final that: t:he 

. d e;icamples' ..r:L--1W+e-..al:).Q:i,.tg___c;;Q.Me~s~cG~ri*b~e~ \... aboue t 
A iA tue h pFeoen · be see . te toe As can • l aeeerd1R§ 

materia . 
8 

e•eF the -1~*1--4~~-sseo.Jl:-Edi-Eea-;ri;.ii· .fln~g,-.... . 1 prop ert :i: e •the lead free meeAaaiea 

n ·or ia tA& "th the . sup&r1 . l W> 
is . 111ater1a ' t 

a solder:i:ng of the presea Sa P mat&rial • 

•olQeriag otren~th. ;i..J1:;.:......--t,.t;..}:il:ll-€e~-l:.4Be.d.=Jf~r~e~e1&--~ f iaa 1 joining 

• ~bat in the nerkiRg --n- · r :- tfle • • 

i s s Yp er io -'"--eeift'l::-a-:k· Ftei:ldl-lnfi"oa-~1:-Ee~a:tidEl"T, .-. ··entioR O"'"ta:i:ne -:i:a, n ~s e n 

tfiere ~ ...._---the 
meltil'HJ 

is aarro•.V". 

·-~r~a~a~ge-r-:le:a-;1:--a~;e,iE=-&:l:-f!~-to the eempeaeftts 
a e eo rdi n g LJCl.Q.-~3-f!-er~:---e-:l-e~~= 

material ., geaeral -~l+,i,.ef1,...-~m~e~l~t~i~Rrz:g soldering ~n _n_g 8i \...le for . nal ctn suit~ eonventio 
·tfie 1 

with materia 
8

· 
soldering lead free temperatl:lre 

is more 

eompared 

.... _ ....... 
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UNIVERSAL LEAD~FREE SOLDERING MATERIAL 

ABSTRACT OF THE DISCLOSURE 

A ttHiwersal lead free solderia9 material fgr Yse 

:ia solderia§ §OFleral 8lect:roi:iic compo:neRts j s disclosed. 

lead free sa]deriog material bas 

3 l 7% of ng, G 30% of Bi aRd a 

•balaRce ef ~B...(is ilh~stre.te9 iR li"i~.1 ef Hie Bl"a:wiRg~h 
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