. LEAB- FREE SOLDER ALLOY BACKGR&UND OF THE | NVENTI ON 1. Field of

the lnvention+< 5 The present invention relates to the conposition
of a novel *l ead-free sol der alloy.1 2. Description of the
Rel-ated Art In the solder alloy, |ead has been conventionally
an inportant netal for diluting tin to inprove flow factor and
wettability. Cbviating the use of lead, a 10 toxic, heavy netal, is
preferred in consideration of working environnents in which sol deri ng

operation is perforned, opgRADWREESONDBER ALINOW¥hi ch sol dered

products are used, and the earth friendly to which solder is rel eased.

Avoi di ng the use of lead in solder alloy is thus noticeable practice.
When a lead-free solder alloy is formed, the alloy is required to have 15

wet t abi | i tFACKGROUNDOFTHE INVENTIONTI n havi ng such wettability is an

I ndi spensabl e netal as a base material. In the formation of a | ead-free
sol der 1. al | ajeld of the Invemdiohant to fully exploit the property of tin and
to determ ne the content of an additive netal for the purpose of

i npartisng, to tHEhd paeheht devemtioderelates to ahk csompasitionyof amovel dsadsfieety as
good as those of the conventional tin-lead eutectic 20 all oy.
SUMVARY  CFsoldiér dlISYENTI ON Accordingly, it is an object of the
present invention to provide a | ead-free sol der alloy having tin as a
base mater2.al wiDesariptien ofdbé RelatedvArteri al s that are 25 easily gettable as
good as the conventional tin-lead eutectic allqy, and qffers a stabl e
and |iabl e sol den thei solder alloy, lead has been conventionally an important metal for
diluting tin to improve flow factor and wettability. Obviating the use of lead, a
10  toxic, heavy metal, is preferred in consideration of working environments in which
soldering operation is performed, operating environments in which soldered
products are used, and the earth friendly to which solder is released. Avoiding
the use of lead in solder alloy is thus noticeable practice.
When a lead-free solder alloy is formed, the alloy is required to have
15 wettability to metals to be soldered. Tin having such wettability is an
indispensable metal as a base material. In the formation of a lead-free solder
alloy, it is important to fully exploit the property of tin and to determine the
content of an additive metal for the purpose of imparting, to the lead-free solder
alloy, strength and flexibility as good as those of the conventional tin-lead eutectic

20 . alloy.

SUMMARY OF THE INVENTION
Accordingly, it is an object of the present invention to provide a lead-free
solder alloy having tin as a base material with other additive materials that are
25 easily gettable as good as the conventional tin-lead eutectic alloy, and offers a

stable and liable solder joint.
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2 To achi eve the object of the present invention, the

"solder alloy iss preferably formed of three netals of 0.1-2 weight
- percent (héreinafter wt% Cu, 0.0®@-1 wt% N and the renmai ni ng w % Sn.
O these elements, tin has a nelting - poi nt of about 232[err]C, and is

an indi spensable netal to inpart wettability of the 5 alloy against the
netals to be soldered. A tin-based alloy, without |ead of a | arge

specific gravity, is light inits nolten state, and cannot offer enough
flowability to o achRvePgieORbjedt coff ®he proseat! iavéntivh, Stiedsoldey alfwyr dsi on.
The crystalline structure of such solder alloy is too soft and not
mechani calgryfesdl9 Tormee of threBymewts of 04-Diweight perogytefheteimafter|wifo) €mf or ces
strongly. "The addition of approximtely 0.7% copper 10 added to tin forns
an eut ect ig0@2-10yt% Vi aiel the reinhinigg pa%nSn.of Of tipese elements,ytin has a peeltingr | C,
which is lower than that of tin alone by approximately 5[err]C The

addi tion point of abewtp232°C; windaism indjspensabémntetalctoi impert wettabibity of the

typi cal base material of |ead wire, |eaches out of the surface of the
| ead wisr e dlloyt dpninstthe metdls twbelsoldered. A tinghmsed alloy without leas) aba ilarge
tenperature of 260[err]C, for exanple, the copper 15 |eaching rate of the
copper - addgpecifid gravity, isdight as ithinylteasstatie cand paot loffee lenough Howability ton t he
tin-lead eutectic solder. Restraining the copper |eaching reduces a copper
density dibd appropriaterfos @mozele-type soldering @pgradion. t H&eésystgllm styctuye Ogr owt h

of f act i ve sushsoldes ik 1 19 B0l AE get Fiechaaicall, H50RS FAOIEH  BY.RISNBE ( scl
Aot of -caRRer Rk Aic oS RIREly. o i ajiiuon of spprovimtely 0.7% 880k |
The i ghor added fi foRh eutchi PG BRvikcs SBPE, Pt SRt B HIC: (o
ol ect r oni 238 Cangb o Ipveet i fias ot ik BYbBRSLRARY, £ THE pifp o7
3007 or 1] G of FRPRER SO coppsy 1ot if Suyic bobrcha it Bike EtERSH B 168 ©

3

wire, leaches out of the surface of the lead wire in the course of soldering

operations. At a soldering temperature of 260°C, for example, the copper
15 leaching rate of the copper-added alloy is half as high as the copper leaching rate
in the tin-lead eutectic solder. Restraining the copper leaching reduces a copper
density difference present in a soldering area, thereby slowing the growth of a
brittle compound layer.
The addition of copper is effective to prevent a rapid change in
20  composition in the alloy itself when using a long period on a dipping method.
The optimum amount of additive copper is within a range of 0.3-0.7 wt%,
and if more copper is added, the melting temperature of the solder alloy rises.
The higher the melting point, the higher the soldering temperature needs to be. A
high soldering temperature is not preferable to thermally weak electronic
25 compohents. Typical soldering temperature upper limit is considered to be 300°C

or so. With the liquidus temp.erature of 300°C, the amount of additive copper is



about 2 wt% The preferable value and imts are set as the above.

"I the presents invention, not only a small anmount of copper is added to tin
as a base material, but also 0.002-1 wia% nickel is added. N ckel controls

“internetallic conpounds such as Cu[err]Sn[err] and Cu[err]Sn, which are

developed as a 5 result of reaction of tin and copper, and dissolves the

devel oped conpounds. As such internetal lic conpounds have a high
tenperature nelting point, they hinder flowability of mlting sol der
and make gl ncty ' THRT [5hRE Gre dek as the aboveése internetallic
conpounds 338%"8;‘2% p%rgésihgltgqgl%eoﬂﬁng operation, these becone to

be so-cal |l ed brifgge Rﬁ%&nﬁméﬁtﬁnﬁ%ﬂaﬁwmamﬁﬁumoﬂ ep-i$ addedif tin
en

proj ections renatns | eaving fromnelting solder. To avoid such

probl ens, o a bddeClhfaterial, Bfiotko A0V Rickel i adbéd.pr Diicked scontrols
I nt er met aIaI I C corrpouné W th

. tin, copper and nickel are al vvggl/s solid
sol ubl e at f%?x%ﬁefﬂ]‘ié Qompoandé sieh adiCkShs and CeSaparkitiearsideveloped as a
devel opmarﬁ1 of Sn-Cu internetallic @clgﬁnpf)unds. Si nce the addi ti on of

copper 5t 0 il BEtdaetibRof din ad ésppefrnd \dissolvesithe develpped campotids. 15s
conpound in the present invention, a |large amount of Sn-Cu internetallic
conpounds gyghiffermeailes abpourtdy hivei £ highatemperaturekankltingrpaint, ah¢y hideo sol i d
sol ubl e rel ationship w th copper, is thus enployed to control the
reacti on ofiowstiliey ofirhilting solder rand make solder functitme declinedduTheeefors, af ur e
rises if nickel is added %ecause a nelting point 20 _of nickel is high.

I n consi dethasé imemietallie conppamids remains o tpattemspasra seldpng operation, thesgi n ¢,

t he amount of additive nickel is limted to 1 w% It was Iearne(il_]fl]ir an
i nvent or tbevomendo aboso-calledatidige \thatnisheids ceadnetarsas Namghp anesdle 0. 002
w % held a good flowability and sol derability shomegg a,sufficient
strenglth oprojectionsgemains when leaving from peliingsoldsrs hIo FVeLLFHCh PFP ¥n, a

| linit of th t of additive 25  nigkel is thus 0.002 w0
" the aboniekprisedded. NAlthevghickel et arodnces nigrmeiplio b ompod viyfin.,

copper and nickel are always solid soluble at any ratio. Therefore, nickel

cooperates with the development of Sn-Cu intermetallic compounds. Since the
addition of copper to tin helps the alloy to improve its property as a solder
15 compound in the present invention, a large amount of Sn-Cu intermetallic
compounds is not preferable. For this reason, nickel, in an all-ratio solid soluble
relationship with copper, is thus employed to control the reaction of copper with
tin.
The liquidus temperature rises if nickel is added because a melting point
20  of nickel is high. In consideration of the typical permissible upper temperature
limit, the amount of additive nickel is limited to 1 wt%. It was learned for an
inventor that the amount of additive nickel as low as or greater than 0.002 wt%
held a good flowability and solderability showed a sufficient strength of a soldered
joint. According to the present invention, a lower limit of the amount of additive
25  nickel is thus 0.002 wt%.
In the above process, Ni is added to the Sn-Cu alloy. Altemativély, Cu



.4 may be added to an Sn-N alloy. Wen nickel alone is slowy added t
o _ . tin,saccording to the raising up of a melting point, the flow factor
. drops ‘inits nolten state by reasgn of producing intermetallic
conmpounds. By addi ng copper, the alloy has a snooth property with an
inmproved flow 5 factor but sone degree of viscosity. In either process,
the interaction of copper and nickel helps create a preferable state
ggdf{ he a!lé)y. hThde%psane solder alloy is therefore created not only by
ing N to the Sn- N I ; ' Sn- Ni
gﬁze al | oyBay be apoed?rf{@f%g} Nlnaélosrlb i g%?téu%&g‘l@aénggglg?ﬂ qoﬂggglio\?vtﬁ& ni ckel
a range Of.. . 9 : ' fitg]
the' rai RUWRRItiEHothE, the fRRWIRRErSEOPS in jitgimblten Wien
;Qiesbflzel %FF%{?“}% Séirg% ?‘ﬁe cogé(?llt o? copper reprgsent ed by the X
Jf 4 1#S chinpBunds I Byagidig Qoppér, théo | f
Eﬂe conter?t:gtéijg’nle’%ﬁ?{il qfsprodﬁaﬂg\}gﬁrélg V\n&tfeﬁ?‘r?bg range g%‘mjo. Ogoz-%pwt’%w(i)th
e COpperyROniant Jdnidbth SHobéty with aiiildpréved flonofactér Butlsémetdégree gbod
sol der al |l oy9'| S o%t al ne!éfiﬂ %ﬂheyn tHle 1%‘@ base alloy is Sn-N, the cgntent

of i ckel JERiRFCNYP ithpidesss) i itetabtion of copped hd! nickek helpsseraate wal ue

wi thin~a range -I"'w% "It the content of copper is varied
within a :@Eﬂ-ﬁaﬁlﬁ statd i thé oy IPRSis#ind eeldenhlloy is therefore crebtedimgcnly These
ranges reraln unchanged even if an unavoi dable i mpurity, which

obstruct s §yadiBoN] @9 tid SniCk ase alloyibuedlsonby lddixg Gy.to the Sn-Ni base
Germani um “has a nelting point of 936[err]C, and dissolves in only a
alloy.
Referring to Figure 1, a range of 0.002-1 wt% nickel and a range of 0.1-2
10 wt% copper result in a good solder joint. When the base alloy is Sn-Cu, the
content of copper represented by the X axis is limited to a constant value within a
range of 0.1-2 wt%. If the content of nickel is varied within a range of 0.002-1
wt% with the copper content limited to within a range of 0.1-2 wt%, a good solder
alloy is obtained. When the base alloy is Sn-Ni, the content of nickel represented
15 by the Y axis is limited to a constant value within a range of 0.002-1 wt%. If the
content of copper is varied within a range of 0.1-2 wt%, a good solder alloy is
obtained. These ranges remain unchanged even if an unavoidable impurity,
which obstructs the function of nickel, is mixed in the alloy.
Gallium has a melting point of 936°C, and dissolves in only a trace
20 amount into the Sn-Cu alloy. Germanium makes the crystal finer when the alloy
solidifies. Germanium appears on a grain boundary, preventing the crystal from
becoming coarse. The addition of germanium prevents oxide compounds from
developing during the solution process of the alloy. However, the addition of
germanium in excess of 1 wt% not only costs much, but also makes an
25 oversaturation state, hindering the molten ailoy from spreading uniformly.

Excess germanium above the limit does more harm than good. For this reason,

e
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_trace anmount into the Sn-Cu alloy. Germanium makes the crystal finer
when .the altoy solidifies. Germanium appears on a grain boundary,
~preventing- the crystal from becom g coarse. The addition of
germanium prevents oxide. conpounds from developing during the 25
solution process of the alloy. However, the addition of germanium in
excess of 1 wt%not only costs nmuch, but also makes an oversaturation
state, hindering the nolten alloy from spreading uniformy. Excess

2 mani “mtﬁgﬁégelllﬂﬁ tlofThd c@ﬂ@xﬁt PmAAiuM {stAls @eeminkd this reason,
Imt ont ent of germaniumis thus determ ned.
BRI EF DESCRI PTI ON OF THE DRAW NG Figure 1 is a graph show ng

proper ranges of additive netals. 5 DESCRI PTI ON OF THE PREFERRED

EMBCDI NEN“@RIEFDESCRIPHON@MHEDMWINGert.es of sol der alloys having
t he conposition of present invention are listed in Table. The

alloy of 0.6 wt %‘@Jse Dlsla piaph Showirgdproper ranges ofadiitiveumetads.cent  Sn, whi ch
the inventors consi der one of the proper conp03|t|ons 10 of sol der al | oy,
was prgpar ed.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The physical properties of solder alloys having the composition of the
present invention are listed in Table. The alloy of 0.6 wt% Cu, 0.1 wt% Ni, and the
remaining percent Sn, which the inventors consider one of the proper compositions

10 of solder alloy, was prepared.

Melting point:
Its liquidus temperature was approximately 227°C and its solidus
temperature was approximately 227°C. Tests were conducted using a differential

15  thermal analyzer at a temperature rise rate of 20°C/minute.

Specific gravity:

The specific gravity of the .alloy, measured using a specific gravity meter,

was approximately 7.4.
20
Tensile test under a 25°C room temperature atmosphere:

The tensile strength of the alloy was 3.3 kgf/mm’ with a stretch of
approximately 48%. The conventional Sn-Pb eutectic solder alloy, tested under
almost the same conditions, exhibited a strength of 4-5 kgf/mm?. The alloy of the

25  present invention has a tensile strength lower than that of the conventional solder

alloy. However, considering that the solder alloy of the present invention is



. Mel ting point: . Its liquidus tenperature was approxi mately

227[err]C and i ts solidus tenperature was approximately 227[err]C
Tests were-conducted using a differentigal 15 thernal analyzer at a
tenperature rise rate of 20[err]C m nute. Specific gravity:

The specific gravity of the alloy, nmeasured using a specific gravity neter,
was approximately 7.4. 20 Tensile test under a 25[err] C room

t enper at ure at nosphere: The tensile strength of the alloy was

3.3 kgf/ . .
conve%t [ g]r‘é’? fé] l%ﬁé;eféctsf)@eg g- F%fgyelgl lght-@@ght? >e% ungh(y 06ﬁlﬁbngg@rr%rg? Etlhe
same condi 00 c11$:ii ?#rﬂdﬂi’e §de%f‘91tllﬁz?(fxf fhe> Rk&%ﬁ(ﬁﬂ@hﬁbn theetsastrengtiof t he

25 present T nven a tensi| rength | ower than that of the
convent i onglyigheft as long as ﬁ{é plichieisaimitéPrsihiiefieldg that the sol der alloy
of the present |nvent|o%

6 chiefly’ |ntended to solder relatively |ight-weight electronic
conmponents onto a printed circuit board, the solder alloy of the
present IQﬁﬂg&hﬁ ptégeet s strength requirenment as long as the
applicationis ITmted to this field. 5 Spreading test: The
al oy, measured Tiglgilo _/)ri&aédmﬂanﬁbﬂl&(ia panese Inditstrial Staisdard 1871 e Test

St andard, exhibited 77.6% at 240[err]C, 81.6% at 260[err]C, and 83. 0% at
280[ er r ] C. StandardCexhibited 7168 tae2405@ eBik.6%nat 2600C) ead 08¢ tat 2B Cer |

the sol der alloy of the present invention offers a snall spreadln
factor, buCompard ivithsthefconventional direleadaitecticislder, therseldeballpy wiithe: :

=

present invention offers a small spreading factor, but is still sufficiently acceptable.
10
Wettability test:
A copper strip of 7 x 20 x 0.3 mm was subjected to acid cleaning using
2% diluted hydrochloric acid and was tested for wettability under the conditions of
a dipping rate of 15 mm/second, a dip depth of 4 mm, and a dipping time of 5
15 seconds, using a wettability test apparatus. The zero crossing time and maximum
wetting force of the alloy were 1.51 seconds and 0.27 N/m at 240°C, 0.93 second
and 0.3 N/m at 250°C, 0.58 second and 0.33 N/m at 260°C, and 0.43 second and
0.33 N/m at 270°C. From these results, the start of wetting is late at higher
melting points, compared with the eutectic solder, but the wetting speed increases
20  as the temperature rises. Since the metals to be soldered have typically low heat

capacity in practice, the delay of the start of wetting presents no problem.

Peel test:
~ QFP lead peel tests showed a peel strength of approximately 0.9 kgf/pin.
25 A visual check to the peeled portion revealed that all peelings took place between

a board and a copper land. This showed that the solder joint had a sufficient



. A copper strip.,of 7 x 20 x 0.3 nmwas subjected to acid cleaning using

2% di.l ut ed hydrochloric acid and was tested for wettability under the
condi ti ons -of a dipping rate of 1% nmm second, a dip depth of 4 nm and
a.dipping tine of 5 15 seconds, using a wettabi I.ity test apparatus. The
zero crossing time and maxi num wetting force of the alloy were 1.51
seconds and 0.27 NNmat 240[err]C, 0.93 second and 0.3 N m at
250[err]C, 0.58 second and 0.33 NNmat 260[err]C, and 0.43 second and

0. 33 N/m%{re [err]C. Fromthese results, the start of wetting is |late at

hi gher ting points, conpared with the eutectic solder, but the
wetting speed increases 20 as the tenperature rises. Since the netals to
be sol dered have typically | ow heat capacity in practice, the delay
of the st esents no problem Peel test:

QFP | ead giel% tﬁ%eé\%igﬁgﬁgtee% a peel strength of approximately 0.9 kgf/pin. 25
A visual check tQ wikéssldet 6£10/80mim dianictecaidd méwt lalg was elcasgredtusig pl ace
bet ween a board and a copper |and. This showed that the sol der joint
had a suf fth&i Rk-terminal measurement method. Its resistance was 0.13 4 Q. The
strength. El ectric resistance test: A wire sol der of
0.8 mm di aeEkRRca b tHe Witeesoldernyas\eloseremthat ef tinsi Ay 108 resistance inoreases i nal
nmeasurenent nethod. |Its resistance was 0.13 [errL The resi stance of
the wire shbdelociyofgropagationtdfaieations; impravinghighJrequaner chareetsrsiics,

the velocity of propagation of electrons, inproving high-frequency
charact eriatd changing acamhocbbargu:tngsthOuMﬂ:aSumdarlad,QIeﬁlﬁsQﬂm% conditions.ed under
t he same conditions, a tin-lead eutectic_ sol der al | Oéeﬁad n ej ectrl c
resi st ancetsn-dﬁadOeﬂtEctﬁcesol}lanallay thiad- anlelecmq I@lSﬂmﬁS@ YY) H’é‘g
el ectric resistance of 0.15 [err] 00 strﬁngth test:

10  silver-copper solder had an electric resistance of 15

Creep strength test: |
A tin-plated brass pin having a 0.8 x 0.8 mm square cross section was
flow-soldered onto a land of a 3 mm diameter with a hole of a diameter of 1 mm
15 formed on a paper phenolic board. A weight of 1 kg was hung on the pin using a
stainless steel wire in a temperature-controlled bath until the pin dropped out of the
solder joint. With the bath temperature at 145°C, the pin remained connected
over 300 hours. At 180°C, the pin did not fall even after 300 hours had passed.
The pin connected by the tin-lead eutectic solder joint dropped within several
20 minutes to several hours under the same conditions. Different from the Pb
including solder, the solder alloy of the present invention has resistance to creep
even if its tensile strength is low, and the reliability of the solder alloy of the

present invention is particularly excellent under the high-temperature atmosphere.

25 Heat shock test:
An hour of heat shock at -40°C and +80°C was given to the solder alloy.



.Atin-plated brass pin having a 0.8 x 0.8 mm square cross section was
fl aw-sol dered -onto a land of a 3 mmdianeter with a hole of a dianeter of 1
mm 15 formed on a paper phenolic boar® A weight of 1 kg was hung on the

pi-n using a stainless steel wire in a tenperature-controlled bath
until the pin dropped out of the solder joint. Wth the bath
tenperature at 145[err]C, the pin remai ned connected over 300 hours.

At 180[err]C, the pin did not fall even after 300 hours haq passed.

The pin Cgmegdlae!r Bno{; Reithdtbod 800 ecyichat bf shotlder Thei conventippaldtinilead n
several 2 mnutes 1o several hours under the sanme conditions. D fferent
from the Ratectic soldepalloyiwithsfdd00-600eycies ofishoeks.oy of the present

i nvention has resistance to creep even if its tensile strength is

|l ow, and the reliability of the solder alloy of the present invention
Is particularly excellent under the high-tenperature atnosphere. 25

Heat shoclMigxatiOntest: An hour of heat shock at -40[err]C and

+80[err] C was given to the sol der all oy.

8 5 The solAleypealllcombalikértesbspecimen specifiedJIStStendard svastdip-solderedit i onal

tin-lead eutectic solder alloy w thstood 500-600 cycl es of ihq Ks.
M grat i on usisg RMA flux. Flux residugspare icleanediand fesistance Wasc@easuies Jath 2 ed
JI'S Standard was di p-sol dered usi ng RVA flux. Flux residues ,are

cl eaned, aarminatatacheddo adeadhwireyr Jhisessusement repult wep Heatgdag andpitial, o

| ead wire. This neasurenent result s treated as an ini%i al .valtue.
The test syada¢.nehhetest SpPRCITHER, Mag 1nt5@ Cédtlﬂ@rfﬁgmp ygrostat, and rated direqt, o .t

currents were applied for 100 urs to neasure.resistance at pr rm ned
time 10 iwr@mw@rwmeé%% 18)9531051&%& Wéﬁswge%ﬂé‘é?%@fﬁa?‘ﬁﬁnﬁ‘eﬁaqﬁh?f i er
with a . magni fication of 20 tines. No abnormal .chan ved both
when 160 intervalscwhiler the t6sts SERFIMER VAP ﬁ@?eéY fonc: 1o adqﬁﬁévﬂalﬁfafaﬁ §¥' 5% and
when 50 VDC .. curr S a ied at 85[er 1 di.t %

e OO S esmifcafgh 4130, W5 Sl AL FoRibsivel Bt e 1807

as the conyeptional: tal dsdla®i A %nd a humidity of 95% and when S0 VDC

current was applied at 85°C and a humidity of 85%. This means that the alloy of

the present invention performed as well as the conventional tin-lead eutectic

15 solder.

Leaching test:
A copper wire of 0.18 mm diameter with RA type flux attached thereto
was dipped in a solder bath filled with molten solder at 260+2°C. The copper
20 wire was agitated until it disappeared by leaching, and the time to the full leaching
was counted using a stopwatch. The full leaching of the copper wire in the solder
of the present invention took about 2 minutes while the identical copper wire
leached in the tin-lead eutectic solder for about 1 minute. It is apparent that the
longer resistance to the leaching was attributed to the addition of an adequate
25 amount of copper. Specifically, the originally added copper that had leached

resulted a relatively slow copper leaching rate regardless of a large content of tin.



15 -sol der. Leachi ng test: A copper wire of 0.18 mm

dianmeter with.RA type flux attached thereto was di pped in a sol der
bath filled with nolten solder at 2602ferr] C. The copper 20 wire was
agitated until it disappeared by |eaching, and the tine to the full

I eachi ng ~ was counted using a stopwatch. The full |eaching of the
copper wire in the sol der of the present invention took about 2
m nutes while the identical copper wre | eached in the tin-Ilead

eutectic sol der [f.or about LN ] seﬁ'lta :

resi _s: an](c:é?‘r{ ?f%q;lé&%*}?f’ﬂé%’hgie %b‘%r]ieé%l}ﬁ%g r?tg%e a%lil T glr*l}i(’% POt ggt}%gte (ra 25
anount of ¢ er. i LI . I 2l : er that had
Ie?ched SO%PW@&}R@EC%ﬂgdﬁr:gifaezﬁlte\?glpsogeg\%?g%%dggﬁ?%g}gﬁ?qr%prate regardl ess of
a | arge content yqf, ﬁ‘%ﬁiflgrpoti%teansﬂ %trvsrﬁgte% %the alloy having another composition is 9

Anot her |ikely reaso { Ing rate was that the nelting point
of the c lis?e%iﬁefabms hi gher than the eutectic sol der by approximtely

40[ err] C. o - The nelting point and strength of the alloy having
anot heF conposition is listed in Table. St udyi ng the
above tests results, conpared with a conparative exanpl e, al |

exanpl es of the tthe AWERE k&l RISARE bomired fwith argonipeatives exariple
conventional ti nsﬁ:lgygggeut ectic sol der all oyl;gdrneasured unlggr t he satr]re’

condi ti O”Sant reexr?g%%s%(/ Q?Pi thed gi’es%hf egbiticd PreBertofsatisthetory . redtlts.exaFpe es

exhibited s ues 1 | ower than that of the conventional tin-I|ead

eutecti c_SQIndentididl Gih-ledd cultéctizisolder alloypameashred, under tholsdme conditjons t he
present invention is chiefly intended to sol der " relativel

li ght - wei gdithilsikerk br sthingtie @fpdSekgBmantt o All examples exhibited sm@ag%ix, valugst he
sol der alloy of the present invention neets strength requirenent as |ong as
the 10 clpWerCthlhthai of Ithericoaventipnahitin-lead|emtectic solder alloy. As already
described, the solder alloy of the present invention is chiefly intended to solder
relatively light-weight electronic components onto a printed circuit board, and the
solder alloy of the present invention meets strength requirement as long as the
application is limited to this field.
15 No particular data were taken about the spreading of the samples. The
addition of nickel imparted a smooth surface structure to the alloy itself. Since
the smooth surface was maintained after solidification, the spreading was
considered good.
The melting point are represented by two temperatures, in which a lower
20 one is a solidus temperature while a higher one is a liquidus temperature. The
smaller the temperature difference between the two, the less a component to be
soldered moves during solder solidification prior to the soldering operation, and
the stabler the solder joint. This is also true of the coﬁventionall tin-lead solder.
However, which solder outperforms which is not generally determined.

25 Depending on the application of solder, a solder alloy having an adequate

temperature difference may be employed.



15 NQ IOarticul'ar data were taken about the spreading of the

sanpl.es. The . addition of nickel inparted a snboth surface structure to
the alloy itself. Since t he snmoot{g surface was nai ntai ned after
solidification, the spreadi ng was consi dered good. The

melting point are represented by two tenperatures, in which a lower 20
one is a solidus tenperature while a higher one is a |iquidus tenperature.
The smal l er the tenperature difference between the two, the less a
conponent to be ilj V6 He“%xrpiﬁia%%h&ﬁbﬂeﬁbﬁwéfédlﬂe@lié or to
t he sol dering oagﬁﬁﬁqqgﬁﬁbgﬁé%QM&ﬁ’Sﬁ%gygta er the solder joint. This is
al so true WS & 11 Al R watdbtity is thus askieredusing teiRMAs ol der
outperforﬁ@gakggh 'S not ené?ally deterninedy 25 Dependi ng on the
applicatiqﬂﬁgﬁu§plder, a sol der alloy having an adequate tenperature
di fference y be enpl oyed.

10 The YMrebRirhérity ShaCu-Dé suli¢renf theepreserthinventiontmay be
characteristics of solder, is good with the RVA type flux. A good

wet t abkl i ?‘go%ﬁsﬁ%ﬁ ﬁﬁl@ﬂ@? pl‘ébiilﬁh%tlfe SN base allppandimixing a molten Sn-  The
three-el erent Sn-Ci-Ni sol der of the present invention may be 5

progr essi \gh $ofder With e basepalloy fort neiféim Niffusiom. aAk ajready desstibagl, gherol t en
Sn- Cu solder with the base alloy for uniformdiffusion. As already
descri bed,m¢hiag point 6fhickebisohight ®Wher plrel nickelhisghtrogced inte éherSorer i s

i ntroduced into the Sn-Cu ~al l oy, dissolving and diffusing nickel '
uni form y dlloyldistolving and diffusixgnickeheniformdy is difficalt. + e prepase the 2HOEnt i on,
the base alloy is beforehand nelted at a relatively high 10 te r.aﬁure SO
that ni ckedf the present direention, thecbasentliay isi beforahand H@eltf-'&g%t %Wlafy“’&gﬁlla n
introduced into the nmolten Sn-Cu bath. In this way, th g)gad- ree sol der
al | oy 10n temperdtinrehsonthak aickebiscufficiently mixed with 4, andthe Hase, alloy [s,ifen
tenperature is obtained. For m,ng beforehapd the, Sn-Ni hase
al | oy hel piatneduceshinto themoltenSn-€y bath.  Inthis way, @mﬁsﬁﬂ@eisﬂﬁ%&ﬁm n
thereinto. The present invention takes adyvantage of 15 .t Jfact that

ni ckel is Whichrigkelis d’cffl@egé‘lltpdms%lal}l? auve %HW?}UW 'Pr?%gﬁ’ﬂ?) r and that

the all oy of copper an i ckel ,contyal.s, the devel opnmen f ' he
presence oflg nggqegprel}(xﬁnq I‘l'ge ?%&b?ﬁa ?W ﬁﬁﬁ’gs"rﬁ%ﬁf‘ﬁﬁ%{t ﬁ%&a%tfe-drni ckel
'S not pr e;n%Earlse gr'onll rﬂaeing included thereinto. The present invention takes advantage of

15 the fact that nickel is in an all-ratio solid soluble relationship with copper and that

the alloy of copper and nickel controls the development of bridges. The presence

| of any metal in the alloy that hinders the function of nickel is not preferred. In

other words, the addition of any metal other than copper, which may easily
cooperate with nickel is not preferred in the present invention.

20 Although the lead-free solder of the present invention suffers a slow start
of wetting because of a melting point higher than that of the conventional tin-lead
eutectic solder, the lead-free solder of the present invention forms an interfacial
alloy layer quickly and reliably in accordance with a variety of surface processes
once the wetting starts. The lead-free solder alloy of the present invention has a

25  creep strength high enough to support bulky and heavy components and heat-

generating components. Since the copper leaching, which is considered serious



~other words, the addition of any netal other than copper, which may easily
cooperate wi-th nickel is not preferred in the present invention. 20

Al t hough the | ead-free solder of the pggsent invention suffers a slow start
of wetting because of a nelting point higher than that of the conventional

tin-1lead eutectic solder, the | ead-free solder of the present
invention forns an interfacial alloy layer quickly and reliably in
accordance with a variety of surface processes once the wetting

tarts. Th -f | dai,_al f i i
St ronoi ' R ECRYsRRRRA, BBler aliRy, B aflefaRUCIE audBIR oPNeMfSyBegSs Of Cep

generati n%ugmﬂﬂgpﬁ&ma%@ce t he copper | eaching, which is considered
serious I'n the conventional solder alloy, is alleviated, the

durability of | a‘ﬁ’kf 66itd Righ electfid BAd Arhml onduetiviisSthe lead-free solder
Because of its high electri § and thermal conductivities, the |ead-free

sol der _of fHe pfeSert! RiveiMon itpAith Giigh-Speud propesty- amb higlnhomedissipation hi gh
heat di ssipatioh 5 property to electric conponents, and inproves acoustic
char actser iﬁeréﬁy % eRichié Chmponents CATPRNEOVEs acoustic characteristichof eléutric

| ead-free 'sol der of the present invention does not include, inits

conposi ti aipmporety.n, zinc, and indium it is free froman abnornal
reaction with a coating containing lead that is soluble froma_

term nal nateri a$ince didRad!fesosdldercofltfie presentimventian idogs natinchudesin ity

sol der, Sn-Bi solder, and Sn-Cu solder. This nmeans that the continuous
use of a sedrapssition,bismuths sinceandindiumpait is freé fronr am abmorprad rédotion with ai t h

| ead are used without any probl em when the conventional tin-lead solder is
swi t ched teoating ¢omainingeiead dhateis solubly fodm tehterminad enatetinlse athes Jead-free

10  solder coating such as Sn-Ag solder, Sn-Bi solder, and Sn-Cu solder. This means
that the continuous use of a solder bath is assured and lead-rich wires compatible
with lead are used without any problem when the conventional tin-lead solder is

switched to the lead-free solder alloy of the present invention.



. WHAT IS CLAIMED | S: 1. Alead-free solder alloy conprising
0.2 - 2w%Cu, 0002 - T Ww%N and the remaining percent Sn. 5
2. A Iegm'ﬁ m oy according tjo Claim1, wherein the weight
percent I lmﬂ | “H thin a range fromO0.3 to 0.7 percent.

. A | ead:freeetsokdes oy according to Claim2, wherein the weight 10

per_centage of Cu falls within a range fromO0.3 to 0.7 percent and the
wei ght percentage of Ni falls within a range from0.04 to 0.1

percent. %EJ,SgLAIMEﬁV# | ead-free sol der alloy according to one of

Claims 1t érein N is added to a solved base all oy of
Sn-Cu. 15 5. Alead-free solder alloy according to one of
ga:\l_ms 1 through 3, vvhfrein Cu is added to a solved base all oy of
n-Ni . BeFafioF Somplisie @i -2/wa%condd.002t-0l eng Ni
Clains 1 through™ éb‘leafpfr\%ﬁgrel nal %01 ?l g is further gdded

and the remaining percent Sn.

2. A lead-free solder alloy according to Claim 1, wherein the weight

percentage of Cu falls within a range from 0.3 to 0.7 percent.

3. A lead-free solder alloy according to Claim 2, wherein the weight
10 percentage of Cu falls within a range from 0.3 to 0.7 percent and the weight
percentage of Ni falls within a range from 0.04 to 0.1 percent.

4. A lead-free solder alloy according to one of Claims 1 through 3,
wherein Ni is added to a solved base alloy of Sn-Cu.
15
5. A lead-free solder alloy according to one of Claims 1 through 3,
wherein Cu is added to a solved base alloy of Sn-Ni.

6. A lead-free solder alloy according to one of Claims 1 through 3,
20 wherein 0.001-1 wt% Ge is further added.



