;edewt ">V6TTY. ~ 'T Pb-FREE SOLDER ALLOY, AND SOLDER MATERI AL AND SOLDER
JO NT, USING SAME 5 Field of the Invention The present invention relates to
a Pb-free solder 10 alloy, and a solder material and a solder joint using

sanme. Background of the Invention Recently, the problem of G of
| ead (Pb) has invoked a strong novenent in regulating the dmgﬁm%@mmHmMmkad
to an environnent. Thus, as a bonding nmaterial for parts of

products, a Pb-free sol der has been substituted 15 for a convent'iifal Sn-Pb
solder. As for characteristic properties of an alloy necessary as a sol der
material, th+eREE eSOEDERNSLL.OPPEARDUSELDERNEATERSALEAGDN sSodBERI oM T( OF

el ongation property), wettability, bonding strengths of parts joints, and
the like. 20 A nelting tenperature UBEINGSSBRMBr is preferably to be set at
approximately 200 C. If a nelting point of the solder is too high, it wll
exceed heat resistance tenperatures of the parts in a reflow sol deri ng,

whereby a current _sol dering nethod may possibly incur damages on the
Field of the Invéntion

The present invention relates to a Pb-free solder

alloy, and a solder material and a solder joint using same.

Background of the Invention

10

Recently, the problem of the toxicity of lead (Pb) has
invoked a strong movement in regulating the disposal of lead
to an environment. Thus, as a bonding material for parts of
electronic products, a Pb-free solder has been substituted

15 for a conventional Sn-Pb solder.

As for characteristic properties of an alloy necessary
as a solder material, there are melting temperature, tensile
strength, ductility (or elongation property), wettability,
bonding strengths of parts Jjoints, and the like.

20 A melting temperature of a solder is preferably to be
set at approximately 200 C. If a melting point of the
solder is too high, it will exceed heat resistance
temperatures of the parts in a reflow soldering, whereby a
current soldering method may possibly incur damages on the

25 parts. On the other hand, if a melting point of the solder

is too low, the solder becomes most likely melted such that
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25 parts. On the other hand, if a nelting point of the solder is too |ow,
t he spl der becones nost |likely nelted such that the parts may fal
down or be peeled off in case when the environnental tenperature
surroundi ng the parts becones high. As a solder for a reflow soldering, in
which a lead is enployed, there is an Sn-37Pb sol der alloy, typically. 5
Alternatively, follow ng Pb-free sol der alloys have been studied. For
exanpl e, enunerated are Sn-Ag(-Cu) based, SnCu(-Ni) based, Sn-Ag-Bi-Cu
based, Sn-Zn(-Bi,-Al) based, Snln-Ag-Bi based sol der alloys, and the |iKke.

These are théep=adtd amag Faoup dowrOubr Obet BeededSHfY . iAJCacy) Wasedthe
Sn-Cu(-Ni) based, and Sn-Bi-Cu based sol der alloys have all oy conpositions
whose nel t enyiponnestarle teswsinedd rien sairranged frorhiE G tt P80on: eini gl £
used for a flow soldering, a reflow soldering nethod, or the |ike. However,
the melting poi M3 %fs@%géé &PFogsrafaomi grddeiayy 151 hiidt & lead is

conventional Sn-Pb sol Fler by 30 C to_40 % As a_result,_ under a tenperature
C(ﬁndi t}on GFPLeYFOW sGPGEF pésbyaﬂsiﬁﬁ‘?} eBe 3P145E, hi‘:['\JeOYTT[aI t?irﬁ%)lffgﬁ%s

t here ma : resi egpe res -0 e.parts. i
techni%cal I élg?%ﬁgg&:{}?&&d i ggigggggﬁea]tg@?feg%%t asnoclese%f aé‘g'ﬂygspgﬁ&fan}p?%n

parts up tQtgaqhepRer M exyheie, " e%uglejr Q¥ Safe 1SH—§93}-&3%22?{><3_%%{3,be5n—

performed by using the a orefrenf i oned sol der. Meanwhi | , - Al)
based and 5a1LNié\gb%seQﬁS®hsmd@£-@hlExgedan@'n_-tth-IBIi!seA(l_r)ef&rsr&g[ tghas

group Il ) , are enployed in a field of PCB (printed circuit boaraq)
packagi ng [n-ph-8h baseld ewldzrsaldernisng aret ok 1S kgeneral | y adopt ed.
However, group Il alloys are highly oxidized in a nelting state in the air,
-2 and technithsy dirkf imafidrited beoappl iggbum {he dhowosoltdersieng $ret hod
at this point. Wile acgroupll al | oy has ,
10 Ag(-Cu) based, Sn-Cu(-Ni)” based, and Sn-Bi-Cu based solder
alloys have alloy compositions whose melting points are
measured in a range from 210 T to 230 T and are used for a
flow soldering, a reflow soldering method, or the like.
However, the melting points of these alloys are higher than
15 that of a conventional Sn-Pb solder by 30 T to 40C. As a
result, under a temperature condition of reflow soldering by
using these alloys, the melting points thereof may exceed
heat resistance temperatures of the parts. It is technically
difficult to increase heat resistances of corresponding
20 parts up to a temperature where reflow soldering can be
performed by using the aforementioned solder. Meanwhile, Sn-
7zn(-Bi,-Al) based and Sn-In-Ag-Bi based solder alloys, and
the like (referred to as group II), are employed in a field
of PCB (printed circuit board) packaging in which a reflow

25 soldering method is generally adopted. However, group il

alloys are highly oxidized in a melting state in the air,



many di sadvantages as a solder in conparison with group | , it is
advantageous in that its nelting point can be adjusted 5 to a tenperature
region close to that of the conventional Sn-Pb solder. Further, a group |
al'loy is used by adjusting conposition thereof such that nelting point
thereof falls in the range from approximately 180 C to 210 C. Nanely, the
Sn-Zn(-Bi,-Al) based solder alloy can be 10 used under the current reflow
sol dering condition since a nelting point is in the range from
approximately 190 Cto 200 "Cthat is close to that of the conventional
Sn-37Pb sokddr aldotynicld y S AUFBId@DEOoUSoi Nbbei BgpAfi eldow GPSt L BEIONF] ow
Pb-free sol ders. However, it has been considered that 15 wettability to a
joi nt basespatleriiah ofethsd| der thd snqioigood. wiuréhar ,giduhall haencomdsr med
that bonding strengths of the parts are significantly deteriorated if the
joint to bmasyl dersediwdnttageClahase spdteri dln i congauosssh t wighhiggbup 1,
tenperature _and a high humdity condition, even after the 20 refl ow

sol deri ng. TEutBhéAvantageqyscdiny thad 45 ine HinePI¥vm @@ dreerdi peed
flux, possibly ipcurrin rohl ens _such as | ower.ed i.nsyl ati on resjstance
and asgene%fgt iaong%?pﬁfagﬁ For{egsﬁo%ecgﬁs?s%é’rrpqv%/tedofn dePRVeBLXORRt ti ng
poi nt of the_Sn-l.n-Aq-Bi d solder_alloy i s.close to that of .an Sn-Pb
sol der, si rgngl giral fgtll(%%trﬁe Eggrgtglq a f%?o%%eﬁsﬁiir?ybé‘ssed‘]sseocrgé)F.a%‘éﬁtbrb%di ng

this alloycsupbemtWohh thiag <o RAgs A ird 1t ThLbAh € RMOLEes | 82 pg {9r med

since Zn is not enployed. Accordingly, such a phenonmenon does not occur

that a bondhagrahgendgirom Rppleaieiate1surfeacecSeaznoCa.is significantly
| ower ed under the high tenperature and high hum dity atnosphere. Meanwhil e,

in case of sol de¥amglyp ameAdSretDri(rBde;Abn Bgsked conjprmdalioforamed ba a
bondi ng surface. It has been confirnmed that the conpound s phase grows

| ar gelGas t A1 ONgeds dhangubeebbres efflayi | 80 Likeef EBY HAPNdHttddraceingd engt h
becones lowered. In addition, it is observed that if a heat cycle (s

appl i ed i nM§lsiage Rtcte tfelparthe aFanddndesm 2REIUEMadrelsy | P At G sto

def ormed. " Aghechinal oal cal, deysl oprient, for GBS has been directqd L0 20,

solder alloy, and is advantageous in being of low cost among

Pb-free solders. However, 1t has been considered that
15 wettability to a joint base material of a solder is not good.

Further, it has been confirmed that bonding strengths of the

parts are significantly deteriorated if the Joint to be

soldered with a Cu base material is exposed to a high

temperature and a high humidity condition, even after the
20 reflow soldering.

Further, it is likely that Zn is eluted from a solder
into a flux, possibly incurring problems such as a lowered
insulation resistance and a generation of migration, since
Zn is employed in solder.

25 A melting point of the Sn-In-Ag-Bi based solder alloy

is close to that of an Sn-Pb solder, similarly to the case



15 narrower pitch, and a nore high | evel packaging technol ogy has been
requi red. Such a technical trend draws a concern that deformation of the
sol der may cause short circuits. Further, since the solder contains a |large
anount of rare and 20 expensive Indium(ln) , the material cost anobunts

hi gh and the continuous future supply may not be secured. Sol der alloys
having nelting points in the range from180 "Cto 210 C are widely used in
a soldering nethod in which soldering is perforned several tinmes (flow
soldering 25 after reflow soldering, reflow soldering after refl ow

sol dering, for the |$keln BHEeelO slodmpRer.atWien Charachgr kdliisCaliby sherant.
Here, the problematic point is that a place soldered once is peeled off in
subsequent wsbhdarhengCypr beessesmataaral cubaCuyZn ncampaunye- ssalneotl E@aneéd or
the like, parts |leads float froma PCB, together with solder. 5 The reason
for such aSpRERorEhor S snehatempd aves .seBerarddnaéyi ngsush t Berrkgnenenen
joint solder forned a faornmer soldering i artially nelted and a_bondi ng

b
strength t ABP&0f de shaha Pﬂ“gﬁﬁﬂgﬁkz?gﬁép the’§ AGRIFG BT ERFOf f
b di f RPCB d {i f 1 ts.. . Namel in 10 | d
o1 oys or BRER 72 e Bgttr TR T cTafetierhEEE sl ML tiudRr & 88
sol der allgxdbﬁggﬂaﬁggggﬁhg %%ﬁ%%*ﬁég er, referred to as a solidus line)

and a tenperatur 'oy conpletely nelts (hereinafter,
referred to as ayddmhdus, | iRerastherhisgheerting Q%’S%lrplpldpté/lé@@ﬁo&@,e ai nt
is 15 peeled off. In a conventional art, e.g., Japanese Patent No. 2599890
(referencead)Ina cepiranidals steengtihior a2 Issee€Png esusfapee I iHgy oyesh by
the addition of Zn to an Sn-Ag based solder. 20 At the sanme tinme, it is

di scl osed thafiameel tthgtpdie beopmesnd’ ewephbyet herewsi tlisorgeof aZn time n.
However, the Ag concentration described in reference 1 is too high by as
much &5 1 papaereizd becepes. FordblkamMecreRYanral Loy gt ageni ghragdth

concentratjion (1 ight 9% such . 2D Sn-67n- 61 n: | A ndot herm c_peak
o en: whosESBatie: TanEd nattyi 190 £5o0r SEmbtt PRESHYER TR 00 - T EbEomes
| arge, as -5 ,_can b fromth S nt,.r.es of, DS
(different FXFlgcfaJ‘nsni %%Sggggr il%etar y%tlgﬁgFi%é%q%. t,&l;e aH%'Iégﬁl jta,rgu?]g enrdead’r et ow
sol dering coRditi o SaM8 A%t hal QLrAReSN- RO teRliRf1odilcds dbkelyphbiat the
solder is not sufficiently
for PCB has been directed to a substrate designing of a
15 narrower pitch, and a more high level packaging technology

has been required.

Such a technical trend draws a concern that
deformation of the solder may cause short circuits. Further,
since the solder contains a large amount of rare and

20 expensive Indium (In), the material cost amounts high and
the continuous future supply may not be secured.

Solder alloys having melting points in the range from
180 C to 210 T are widely used in a soldering method in
which soldering is performed several times (flow soldering

25 after reflow soldering, reflow soldering after reflow

soldering, or the like), due to temperature characteristics



5 nelted down. If the solder is not sufficiently nmelted down, fluidity of
the splder is deteriorated, whereby a joint is not fully fornmed. In that
case, voids in the solder remain to thereby | ower the bonding strength.
Further, in Japanese Patent Laid-COpen Publication Heisei No.9-174278
(reference 10 2), In is added to an alloy of a near Sn-Zn eutectic
conposition so as to lower a nelting tenperature and inprove wettability to
parts netallization. Further, Ag is added so as to nake Zn phase needl e
like solidification mcrostructures in the Sn-Zn-In alloy into spheroidal
15 sol i di f thakeof.n geest, r uche eprand dnaticelppiditsperse thwen ahesefes e,
the Zn concentration is set at from6 to 11 %in weight, and the Ag

concent r at sohdegsedet catce r oms0. Peeded | rofkei ght. Fhbsegueertt | s@lddbirng ee
sol der may incur various 20 problens such as poor wettability due to Zn,
which is aPpPEBFERSIn Rart ipuAlBi | 1A1)a bhsedesserdeée, IEndrartdweredche
bondi ng strength with Cu e| ectrode under the condition of the high
tenperaturél5%d Regh ShdiRaft® yE Lok t REPT 8PP r aF 8IRERE S WadER a1dP%End Ag

beco a Bobleggéght 3 Sn-lnhAgZS ie b%§§q>soLger al | oy. -g Sunnar%eof
the | mvent F8R 1155307 t H&%ef SHED ah SBIBEF BT hd®priedidht S hvEREi ot T8 Freet

such a CO”Q%%?%EibggeJa {‘P‘[?éi-éé‘ﬂtéf,”p‘ér g‘%o‘irnec 5scSi'E?éxﬁC’;‘Sirxiné%li %?;Hi 2 SN

that of an sol der and to solve the problens o e conventi ona
Sn- Zn(- Bi , 581 hebasgd 1$0kder 1and yt e 19d Nerhg-Bivdrasad; sol satqgtPasid cabar | y,
it is an inportant object to inprove solder joint reliability under the
condi ti on aéctbasbisghahd,t empeswdiure atdtl| ghhbufgbdnty .isFareedetd exhgoy he
objects, a solder alloy in accordance with the present invention is based
on an Sn- Zal beAdisgstodmahaBRCRgeri defeirght iofs3 0% <hen pa3s0 Wangeldy Sim ~
4.0 % 0.1 %~ Ag c 0.4 % and the bal ance Sn. 15 Brjef Description of the
Dr anilfys TResabees add oot WePrsheedtys de fddfes difirreneadmmtyerent i on

ill b t f t he foll ow 20 Iipti f f d
embod mont ESPE RIS SARTot AP WHh THE T D ot sl e LTAE SR
P 115 3.8Lapldl Qo SNOWLNGRYRh St GNO! SNl o S AlefiBle a@lkS (He 0l LS 11
accordance Wi t anﬁ1e of 'thé preséent ‘i nvention, as a function of

exposure t isg?'de%S_al.:Lil coap il A SO PSGIRASHAIBAL F&palt £&d Of o SO dgr
alloys as a function of tenperature, in case when Zn is
liquidus line), the higher the possibility that the joint is
15 peeled off.
In a conventional art, e.g., Japanese Patent
No0.2599890 (reference 1), a mechanical strength or a creep
resistance is improved by the addition of Zn to an Sn-Ag
based solder.
20 At the same time, it is disclosed that a melting point
becomes lower by the addition of Zn or In.
However, the Ag concentration described in reference 1
is too high by as much as 1 % in weight or more. For example,
in an alloy of a high Ag concentration (1 weight %) such as

25 Sn-6Zn-6In-1Ag, endothermic peak area, whose summit is in

the vicinity of a melting point of 200 C, becomes large, as



added to Sn-3In-0.3Ag of Exanple 1 of the present invention while varying
the Zn concentration in the range from2 to 6 wight ~; Figs. 3Ato 3C
descri be typical views of structures, 5 in case when a snall anmount of Ag
is added to Sn-4zZn-3In of Exanple 2 of the present invention; Fig. 4
illustrates a graph for show ng el ectrochem cal corrosion potentials as a
function of tine, in case when a small amount of Ag is added to Sn-4Zn-3ln
of Exanple 3 of 10 the present invention;, Figs. BAto 5E explain variations
of nmelting tenperatures as a function of Ag concentration, when a snal
amount of Agni s laddedsden Sn-f4ém 3| phef Exeapheedent t hedgiriesent cignvepsdon;
15 Fig. 6 offers a graph for show ng variations of nechani cal properties of
sol der al | dyd fdsrentiimdt issrarofing caheeimerybnini Figas® .wien d nresubdded
to Sn-4Zn-0. 3Ag of Exanple 6 of the present invention in a range fromO to
10 wei ght usdezoarirgflpwsod deagritnty tePnd gy eph Jame shovkinat vaf | tié obr-Bip
mechani cal properties of solder alloys in accqordance with Exanple 8 of the
present i nFeAELEm, L& &Sfu%£¥?gﬁ ey pber & Alides: F?gf“ﬁ?p$%ggh?§e%thaph

f i iatj 2 hani cal, ties of th | d |1

| Exaipl oM OPCL VBT ookt CRRVERETBR. L85 " (AT i B ok OSkh & S
d Fig. 9 ¥ t : ' P :

Sn- 6zn- 61 n 1 R Al Yoy 5 Bt S Td Daser (O Er 6 Tho Brer erod B rsht s

Her ei naf t enotprefiary eto erdadi mBNthHOf de preseat Lavemd Wb vidd Bsmain
described in detail with reference to acconpanying draw ngs. 10 In

accor dancetwi tthetdebdypriesent theebbhdinga staletherthal [FRyrtsemn Sn- Zapine £g

sol der containing a small anount of Ag for preventing a bonding interface
strengt h f Pairebsi niga 1 dvieped b izgtdiont bélsaeuNoade Lvdi2d8 al ref ¢ hemce

sol der is exposed to the high tenperature and high hum dity atnosphere, 15
based®n aRr)sn- ZA- 1 &S ba?scéil)ecgoltdbr aRavRhgod neft ishgnséitnt SBF-Zp10eutegkifess.

In aspects of the nelting tenperature and ponding reliability, it is
e ePor! & CORBE S o e TA AT ot Lr b rreTee tater & 487 ubrbBoray i s

as f0||OWGWeEQJM?ﬁ¥yy to parts metallization. Further, Ag is added so
as to make Zn phase needle like solidification
microstructures in the Sn-Zn-In alloy into spheroidal

15 solidification microstructures and to finely disperse them.

)

Therefore, the Zn concentration is set at from 6 to 11 % in
weight, and the Ag concentration is set at from 0.5 to 3 %

in weight.
The conventional Pb-free solder may incur various
20 problems such as poor wettability due to Zn, which is a
problem in the Sn-Zn(-Bi,-Al) Dbased solder, and a lowered
bonding strength with Cu electrode under the condition of

the high temperature and high humidity. Further, using rare

metals such as In and Ag becomes a problem in the Sn-In-Ag-

25 Bi based solder alloy.



20 3.0 %< Zn <50 % 0.1 %~ 1n < 20.0 % and 0.1 %~ Ag ~ 0.4 %
Hereinafter, the conposition range will be explained. 25 The Zn
concentration is fromabout 3.0 %to 5.0 %in weight. Wen the Zn
concentration is less than 3.0 %in _g weight, a nmelting point of the

sol der cannot be |lowered to about 200 C. Further, if the Zn concentration
is less than 3.0 ~ in weight, a difference between a solidus tenperature
and a liquidus tenperature beconmes |arge even though the In 5 concentration
is increased. As a result, in nultiple soldering processes, it is likely

t hat the pgummar@ LIS thvee Ipg@imd oef f. On the ot her hand, when the Zn
contention is nore than 5.0 ~ in weight, a bonding interface strength with
a C film1l0 is | owered under the condition of the high tenperature and
hi gh hum dity. Further, if the Zn concentration increases, wettability of

t he sol der becons éébeﬁhﬁ%ﬁiﬁreﬁeénlPbﬂ§QU1Q&lﬁb@l@Waﬁewmel@@¢m@loand a

| onered el ectrical insulation of the joint., 15 The In concentration is from
0.1 to abo&f Z@Q§—~|§P%%lgﬂt CV%th%HE cGH@éntFauqﬁ%W%PgeSEeWR%ﬁaﬁ%ﬁﬁt
0.1 %dn t|n 0|nt cann pec ed be

In coﬁ%en?&ggfgﬁt% 1S5S t s%ﬂfcflbg% ge ghﬁn 7ﬁ| é&ﬁr%ﬂ

the sol der ¢gel {4 nge PQIHY Q%%BEF_@ st 00 2Q Vo oh0efi28ndl t@ﬁ z‘f‘m 28! Penf)

solidus tenperature is 15 the sol i dus tenperature decreases,

sol der is pakkadsandeReaned tofd sMam-pej-1 deeseddiier high tenperature
environment. Further, the sanme failure may possibly be caused due 25 to
heat generation byrustubaefy} pnent isStahl impdieant sioiciedthe tsol idpBove
tenperature (153 C) and the |iquidus -10 tenperature ( 199 C) of the

Sn- 201 n ar goddpar aj @tnt r ormldadii ldtther underf drhe sgohda tplkanonendmenalyigocur
that the solder is peeled off in the second sol dering process or

t her €& t er LEMRETAG UEEN @& hd@holk s dddtviveen 0. 1 %and 0.4 %in5 weight. If
t he concentration |s | ess than ab % in wei effech t hat

prevents a bondi hg* S *m gEanq S ca not e6’6t aPrie®Yonheh
exposi ng tgc%gr‘?ig\‘l'c OQM He MO0 LEPERBEHE S AN PG P i By &filgr-

sol deri ng.
In-Ag system having, in weight, 0.3 % < Zn < 5.0 %, 0.1 & <

In £ 4.0 %, 0.1 %$ £ Ag £ 0.4 %, and the balance Sn.

15
Brief Description of the Drawings

The above and other objects and features of the

present invention will become apparent from the following
20 description of preferred embodiments given in conjunction
with the accompanying drawings, in which:

Fig. 1 is a graph for showing peel strengths of solder
joints of solders in accordance with Example 1 of the
present invention, as a function of exposure time;

25 Figs. 2A to 2E show DSC measurement results of solder

alloys as a function of temperature, in case when Zn is



10 If the Ag concentration exceeds 0.4 %in weight, the solder tends to
melt at a higher tenperature in a nelting point tenperature area of the
solder, so that fluidity of a nolten sol der becones poor in the refl ow

sol dering process. Further, it is nore preferable that the conposition 15
range is as follows below, in weight: 0.3 %< 2Zn <50 % 0.1 %~ 1In ~ 4.0
% and 0.1 %~ Ag ~ 0.4 % 20 If the In concentration in the solder alloy
i ncreases, ductility of the solder alloy becones deteriorated. Further, if
the In concentration is 4 %in weight and | ess, elongation of 30 % or

greater capddedassurad-3iher 3 eof apghnpss qanheaHe!peyeshsi Deechbeon
solder is deforned when a 25 stress due to heat-shock or the like is on. In

contrast, whiflke veadyderg ddes Ziot cbawentluetibnt yn thackamge phxssn 2 ytdee- 11
devel oped in the solder joint in case where a PCB or parts are expanded or
shrunk. Meamwgihite¥:  hi gh tenperature and high humdity' of the present
invention neans a, circunstance of 85 C and 85 Y%RH 5 (relative humdity).
Exanpl e 1 10 | n B@fpl 821, peedescrdig ntwpice} oVaEWRaR gStruchiereht, 3

% 0-6 W& th ini ti Sn), i th t
o a vhri atPof %6E ATt nGPE}GRBPHARNER A%pdded Ao art BrvAT SRR obEt he
hi gh tenpe&§%%§§eanOQiQ%é1 'égéﬁ% if§éﬁ€fg , a sol der all oy, which was

m xed to have predetermn conposition, of about 1 kg was held at 230 C

And then, QFP (Quad. Fhat 1Packagekspal ih EHo sMRuingi &C8:8PI-1OR; LIS

are fixed to a Cu-attached gl ass epoxy PCB by using an adhesive. This
speci nen wesrappliced gatentfiaxs apda2@urariorsudf ecird, t AnsAadry i wigeya

di pping into the solder. A soldered article was washed with acetone by
usi ng a m cmaldvemashti ngf madghi i, addetdhdto r3stdirat 3Tof of h&xfalmpd ened eof
removed. A sol dered PCB speci nen after being washed was put into a

hygr oL@ her #bst Rreseorts tiayentdigyer at ure and 25 hunmi dity oven) kept at 85 C

and 85 %RH, and then, afyeeling stren%th of a | ead, bopdi ng strength was
measur ed for eve?§9512 A  to” 5E xplain variations™ of elting

temperatures as a function of Ag concentration, when a small
améunt of Ag is added to Sn-4Zn-3In of Example 1 of the
present invention;

15 Fig. 6 offers a graph for showing variations of
mechanical properties of solder alloys as a function of In
concentration, in case when In is added to Sn-4Zn-0.3Ag of
Example 6 of the present invention in a range from 0 to 10
weilght %

20 Fig. 7 sets forth to a graph for showing variations of
mechanical properties of solder alloys in accordance with
Example 8 of the present invention, as a function of
eXposure time;

Fig. 8 presents a graph for showing variations of

25 mechanical properties of another solder alloys in Example 8

of the present invention, as a function of exposure time;



250 hours. Fig. 1 shows a variation of a |lead bonding strength, in case
when s o 1 der i ng QFP parts with a solder having, in weight, 3 %4n, 0-6
%n, and the balance Sn. Here, 0-6 %n 5 neans that the Zn concentration is
in the range fromO to 6 %in weight. Further, it can be noted that as the
Zn concentration increases, a bonding strength when being exposed to a
condition of high tenperature and high humdity significantly declines.
Further, in case where the Zn 10 concentration is 6 % in weight, a bonding
strength at exposure tine of 500 hours becones 1 kgf or |ess. Nanmely, as
the Zn conggatration in the solder increases, bonding strengths of the
parts tend to decrease under an environnment of the high tenperature and

hi gh 15 hum di t ig@n pBaseepirtshe 3ol ®6C diidamerendrot a beading sur f ace
and react with a Cu base material under the high tenperature and high
hum di ty a€fB¥pREienadoSnhéfany noldmdand lgvow a Cu- Zn conpound layer. In
the course of the process, Zn oxidizes due to an effect of high humdity,

20 whereby a bonding strength in an interface of the Cu-Zn conpound | ayer
of the bondi urf ce mnth the ol ' | gwer ed. As can be
seen grom s '% SHEE @ﬁﬁﬁﬁﬁh is less than
about 5 in melght 25 N@anmhlle Figs. 2A to 2E descri be DSC neasurenent
results of solders, each having, in weight, 3 %4n, 2-6 %n, -13 0.3 %Ag,
and the balance;gﬁeigaf{@an ﬁQQG@BEéét'@ﬁbbalh%%%sth%&'3é%éf1ﬂE%éHHt a
melting point of a netal exceeds 210 C. Therefore, it is preferabl e that
the Zn congatiehgtiban w51 yr éad edelsikaibalbouin3 detai Weiwdltth DbeFerkhee, td the
Zn concentration is greater than 5 in weight, a bonding strength under the
hi gh t enpeaatompaapdnki giralwdimiodi.ty is gradually lowered. Thus, it is
preferable that the Zn concentration is | ess than about 5 %in weight. 10
Exanpi®e 2 Exanpl¥ 2 aggorcandacedwebh f%’ﬁeom%% &néftem}éﬂﬁlrre aj B when

a smal |l anpunt of Ag is_ added_ to an Sp-4Zn- 3l Each sol der. havi n
wei ght, 4 6}&9103’31% n S EIingle SR d%ﬁecsaFaﬁeéngn 3o Mdu 2 ‘%‘

|t ed 151 £ h
el ted o Bact SxlTaBtibg I BRI e 2Rl f%ﬁé“d%é‘iﬁg

b db t
doscr | bed LRPErGe. MR G e R SRR S o, IR L AR

Zn phases 2QpdaeHe®%E tde YT SR A |4 inKdleasesi dfty tdefeospiecan be
not ed t hat spher0|dal Zn- Ag phases increase in Figs. 3B and 3C. Still
further, abhsed str unt WBre-Di-Imebsstdesoildecohbivimgd.a Zrelghiase paire fohel y
dispersed, so that a connection between the Zn phases di sappears.

Accor di ngl 102% ext datsson of Zn, which causes to | ower a bondi ng strength,

does not spread towards an |nS|de of the solder, and -14 ,
In aspects of the melting temperature and bonding

reliability, it is preferable that the concentration of each
element in such a solder alloy is as follows, in weight:
20 3.0 < Zn < 5.0 %;
0.1 % £ In < 20.0 %; and
0.1 % < Ag =< 0.4 %.

Hereinafter, the composition range will be explained.

25 The Zn concentration is from about 3.0 % to 5.0 % in

in

a°

weight. When the Zn concentration is 1less than 3.0



| owering of a bonding strength under the condition of the high tenperature
and high humdity is suppressed. In case where the Ag concentration is 0.1
% in weight, many needle |ike Zn phases are observed, as shown in Fig. 3A
5'However, a spheroidal Zn-Ag layer is certainly confirmed. Exanple 3 In
Exanple 3, a variation of an el ectrochem cal corrosion potential would be
expl ained, in case when a small 10 anount of Ag is added to the Sn-4Zn-3ln.
Each sol der having, in weight, 4 %Zn, 3 %n, 0-0.5 %\g, and the bal ance Sn
was prepared with a bar shape having a cross section of 5 MmM X 5 mMm A

surface of wbhgnhar -shadedispepbiBR Was il | s88Me Wi EAnWBEEL d e alalf e o
pol i shing paper 15 of 1200 nesh, and then, subjected to buffing by using

A1203 suspeapsuen.2ofulisequeiidher,t hef spRsi PRN coASenfFRrS Qs 11 O ds 3. Bnat - %
NaCl water solution at 25 'C. Further, by using a standard el ectrode

enpl oyi ng &-8i Bvdm efekghbdes dififevencehbetivgenelaectolbiddys apenpe saturat ed
KC1 water solution, an 20 el ectronotive force difference, which is
gener at ed BBfwderd 14 igius Heerpapabinbe ebeepnede langet ¢y esoltderudpadiaen was
neasured. The reiult was shown, in Fi 4. Still further, as, a reference

sanpl &, an“8PEEP S@HQHPpaF‘tor?%%¥%ﬁg%%ten@?alaofrfﬁ%”éh-SrﬂisdPﬂ%?i?%ﬁ _
conta 0. g0ges SeRcr L 25 8 Lo oo TR, 4o G an o |7

t he sol der "bécones s ‘an ef ectf tiv
of the Sn-3Lp;gal de., Namely, by the addition of Ag with 0.1 ~ in weight or

nore, such an effect can be obtained that oxidation is prevented from

progressing. 5 Exanphe 4thBrExanml, e whendt IR \WWdthd @l s Gfo e boxgli ng
surface woul d be expl ai ned when sol dering the Sn-4Zn-3In0.3Ag with a Cu

pl ate. The5SA- 4Zan3WeihAg ssdladetirgf ihtFegfaws i poegttonvitie £ucypl i emand
applied to a flux. Then, it

10 is lowered under the condition of the high temperature and
high humidity. Further, if the Zn concentration increases,
wettability of the solder becomes deteriorated, resulting in
oxidation of the solder and a lowered electrical insulation
of the joint.

15 The In concentration  is from 0.1 to about 20.0 % in
weight. When the concentration is less than about 0.1 % in
weight, a melting point cannot be expected to be lowered. If
the In concentration is more than 20.0 % in weight, a
solidus temperature in the solder melting point becomes too

20 low. In case of the Sn-20In, a solidus temperature is 153 C.
If the solidus temperature decreases, the solder is melted
and peeled off when being exposed to a high temperature
environment.

Further, the same failure may possibly be caused due

25 to heat generation by using equipment. Still further, since

the solidus temperature (153 ) and the liquidus

-10-



10 was heated on a 230 C heat plate and sol dered. After this speci nen was
filled into a resin, polished, and evaporated, a section of the bonding
surface was observed by using SEM and X-ray micro analyzer (XMA). As a
result of the observation using SEM and XMA, a Zn |ayer and an Ag | ayer 15
coul d be observed to be generated in a bonding surface between the sol der
and the Cu plate. Nanely, it can be known that a Zn-Ag phase is fornmed in
t he bondi ng surface between the Cu plate and the bonding surface. If a

Zn- Cu conpound phase is forned in a bonding surface, oxidation in an 20
interface ekmpheasakder(d HCHhe ZneKal $OAPOLNAa PEOGERSSRTedS X idilesch
bondi ng strength is |lowered. Nanely, by preventing the formation of the
Zn- Cu conpotihérl &per ,far boadthg astphemngpriercan ey peegent ébatr drhebesader

| owered. 25 Exanple 5 In Exanple 5, a variation of a nelting point would be
-16  expl aFnegelpd €ife iRhéhes sepand Sedder iU Ry doesadded thenaafter.

Sn-4Zn-3In. Figs., 5A_to 5E shom/neasureneqé results of melting points of
sol ders, each hat?hg?9i rCRFYMEraY%Iorn 153 BFweeR 005 Loy, 286d Y hd BalHhce

Sn, by using.DSC. C 5 be seen from Figs., 5A to 5E, it could, be noted
t hat 36/155 thvé'gi\8§génézfnt r%g i ocnor}cnecrlreteraastelso,n al%ea esrsepggggntaibr?é‘ a ¢1é t° 0

absor bi ng QQQEHE i ”?lﬁheef]"f Lty 9f é?éy&{:ﬁi Zéobgnl&%%%'m&lcéﬁg%hl ]?f'xf%rfg Ag

malting amount of the solder increases in t S tenperature are

concentrat pefingecQuReredd %anhok0 W ghibtaAmRNdQiha] Mdkfeind N tdhe an
vicinity of 205 Cto 210 C grows as much as substantially same as that in

t he vicini epvakohB®@nE. A$ ahtgsultiemperaasse Weed bainhg ehphbyetdyasafter
solder, it is difficult to be nelted. In other words, the solder is nelted
at a | ower spégpeiagure (about 193 C) 15 first, and nelted again at a higher
tenperature. Further, wettability or fluidity of the sol der becones

det erli®r at ed. Frbi £he AfbrerReenbrrbioRasiFEREAt O-dsut t 30 Meishtaddie on

of Agwith O corrosion potenti al

% i i ght , | ect hen cal
s | b veaSLER IS O RePHANE | £ AJORE "addBt Her & a0 % WAL nS

i ght, i | i ,
Do on oy BASRE afaha iis "HARI SFbhe PLol LR BBY el I (AT P
wet t abi |ty .9t of Wbdiget SRURARLEHS G i hele e MREONRI ddstisly Prafeds 25

Further, it Ag Is added to the sol der containing Zn, needle’like Zn phases
decrease and spheggtialr, Zn+Agi phasase - pfefekableasthaths taer esathpos ot fome

structure of the solder can be confirnmed by a structure observation. Wile
needlls | i keadge is as follows below, in weight:

0.3 % < Zn < 5.0 %;

0.1 $=<1In<=<4.0 %; and

0.1 % < Ag < 0.4 %.

20 If the In concentration in the solder alloy increases,
ductility of the solder alloy becomes deteriorated. Further,
if the 1In concentration is 4 % 1in weight and less,
elongation of 30 % or greater can be assured. Therefore, a
stress can be relieved since the solder is deformed when a

25 stress due to heat-shock or the like is on. In contrast, if

the solder does not have ductility, crack may possibly be

-11-



phases are observed in case where the Ag concentration is 0.1 ~ in weight,
an effect of inproving an el ectrochem cal 5 corrosion potential can be
obtai ned even in that case, as nentioned above. Further, by the addition of
Ag, the Zn-Ag compound phase is formed in a bonding surface when sol dering
on a Cu, to thereby serve as a barrier layer for suppressing a 10 reaction
between Cu and Zn. As a result, formation of the Zn-Cu conpound | ayer,
which tends to be easily oxidized, can be suspended, so that oxidation in

t he bondi ng surface is suppressed to thereby prevent the bonding strength
from bei nggkoerbped in EXePseLBc Fagbifel dar daadd Rthedd aepgldt .o ks 0- 10
%n, 0.3 %g, and the balance Sn was nolded to a plate shape at a

t enper at ur arki ghkeantlean cax sblraberk.l i qui dus tenperature by 20 50 'C, and a
tensil e specimen was prepared. The speci nen was JI S4 specinmen. The tensile
test was perforéeRrwhileenshiehr sempsfrasugemangi fighhduymisdity ‘wesf the
described in Fig. 6. As is evident fromFig. 6, elongation of 30 % or

great er | sSPEEBENtN YHEETHEYe R8ARE oM FLLFUNIBINTe | @ vv§i5gh@. angig 85 B@Fmpl e
7 Pref rabl¥é a Pb-f%Fe.%Pld r material forned of a solder alloy and a fl ux
is utilizedTPAALLE 89 Cd&Y 'and a cream sol der. Here, the solder alloy is
based on the Sn-Zn 5 In-Ag system having, in weight: 3.0 %< Zn < 5.0 %
0.1 %<-1In~409% 0.1 %~ Ag ~ 0.4 % and the bal ance Sn.

EXAMPLES

Example 1
10 In Example 1, a peel strength of a joint having, in
weight, 3 %In and 0-6 %Zn (the remaining portion was Sn) was
measured, with respect to a variation of a bonding strength
when exposed to an environment of the high temperature and

high humidity.
15 "First, a solder alloy, which was mixed to have a
predetermined composition, of about 1 kg was held at 230 C.
And then, QFP (Quad Flat Package) parts of 0.65 mm in pitch
and 100 pins are fixed to a Cu-attached glass epoxy PCB by
using an adhesive. This specimen was applied to a flux, and
20 then, subjected to soldering by dipping into the solder. A
soldered article was washed with acetone by using a
microwave washing machine, so that residuals of the flux
were removed. A soldered PCB specimen after being washed was
put into a hygro-thermostat (constant temperature and
25 humidity oven) kept at 85 T and 85 %RH, and then, a peeling

strength of a lead bonding strength was measured for every

-12-



10 Further, as the flux, a known flux may be used. Exanple 8 In Exanple 8,
a sol der bonding strength woul d be expl ai ned by using a solder alloy, which
has at | east one 15 el enent selected froma group consisting of Ni, Ti, M,
Al, and Co, based on the Sn-Zn-In-Ag systemhaving, in weight: 3.0 %< Zn <
5.0 % 0.1 %~1In~ 4.0 % and 0.1 %~ Ag ~ 0.4 % 20 Here, a total
concentration of at |east one elenent is in the range fromO0.001 %to 0.05
%in weight and the remainder is Sn. The high tenperature and high humdity
test was carried out on the follow ng sanples. Fig. 7 exhibits 25
vari ati ons29f) hendsng strengths thereof. Bonding strength was neasured by
the sanme nethod as in Exanple 1. The sanples -19 wer e prepared by using
sol der al |l oys, eaEch havishgwenea ofathet abor eiferd | beed eloadimigs Skngth,
performng a reflow soldering on a Cu film In Fig. 7, F represents a
st andard Pbrf cagesolhgsy 50 Hlegyli g QFP pasehtwitlveat seddeBuhtawimg,A 1B, C,
D, and E have the sane congosition W th ot her than Sn, and contain 0.004
0%

F
sTi, 0.01 $Ri9hB: 02 M- 0008 3&DR, aArf otbs bedance wih ghtiereesSeét i v.
And, th i ni tion th f i .__Conpar i ng ,bondi ths aft
bei g PexpolBanFof BEB0C A0 ABUFSAARISE XS oo LRoR™Sr THSH: GhoPerperat ur o
the standard & U AR P e cAeeT, it B, o8 o ehle s BRR U0

bondi ng strgngthcahth8ast ipatahskd,0r 207 @R ddhan trentr i Grhéh sgsﬁléfﬁqg

variations of bonding strengths under the hightenperature and hi
hum dity osxpbse8 86! deton@iiflt of0BFOH G tSmpTafdive IBid MIyH Auml dir, 3Ag,

and Sn-4Zn- 31 n0. 3Ag-0. 003Ti. Further, the solder joints are forned by the
sanme nmannesigsifhcErailpl edéclAsesan bersden,frdm Figpse8, wHer0 @ddi tdron of
Ti is clearly denonstrated to be effective after 1500 hours. Further, in

t he dénparaengentnagzAn3Bis ab bondily #eiehdth Becoapdingssstramath kgt
after 250 hours. Other elenments such as N, Nq, Al, and Co provide the same
ef fects 25€3BOFpre.sgme of 500 hours becomes kgf or less.

Namely, as the Zn concentration 1in the solder
increases, bonding strengths of the parts tend to decrease
under an environment of the high temperature and high

15 humidity. Zn phases in the solder diffuse into a bonding
surface and react with a Cu base material under the high
temperature and high humidity atmosphere, to thereby form
and grow a Cu-Zn compound layer. In the course of the
process, Zn oxidizes due to an effect of high humidity,

20 whereby a bonding strength in an interface of the Cu-iZn
compound layer of the bonding surface with the solder is
significantly lowered. As can be seen from Fig. 1, it is

]

preferable that the Zn concentration is less than about 5 %

in weight.
25 Meanwhile, Figs. 2A to 2E describe DSC measurement

results of solders, each having, in weight, 3 %In, 2-6 %Zn,

-13-



Example 9 A Pb-free solder material fornmed of a solder alloy and a flux of
Exanple 9 is utilized in a wre solder and a cream sol der. Here, the sol der
all oy has at |east one elenent 5 selected fromthe group consisting of N,
Ti, My, Al and Co, based on the Sn-Zn-1n-Ag having, in weight: 3.0 %< Zn <
50% 0.1 %~1In~4.0% and 0.1 %~ Ag ~ 0.4 % 10 Here, a total
concentration of at |east one elenent is in the range from about 0.001 %to
about 0.05 %in weight and the remainder is Sn. Further, as the flux, a
known flux may be used. As nmentioned above, in accordance with the present

15 invention3 &he,ZandortentaAlame ish. M hthd agecdicmebouios 19 bedein
wei ght, so that solder joint reliability can be inproved under the high

t enper at ur éhand i gh bonmwk ightat mesphel einfutdiert, afsd dertalll oyxoéedde
present invention may be a bar solder (nolten solder), and a Pb-free sol der
20 al | oy sdilfabl & .f or Thedieffowrsi,on bondihg. Sindfiefablider thiate pthsentZn
invention may include a solder joint of electrical and el ectronic equi pnent

usi ng the SBPEERTIRLIPNOR St BESF&efhampdititor. A b e sol der using a
sol der. al l oy in .accordance .25 with the present .invention has a | ti

t enperat ur e subsﬁ%ﬁﬁi}%ﬂ ylgqﬁ-?he t%nt HSPQSP 5a§36ﬁ’\9en’ﬁ o\ FPE}WE‘BI ég?% -21
Therefore, ;the.c en - P I ZQg had qgg t,he S
producti onléqgie%%r%t’ tgaﬁ%ggigﬁl%}reé as}{rﬁ{ I'S. urtlﬁle?k?ug&%g@ft?g"gﬁso l%ﬁer
material hayyAg rursielidef £Haprabehistl a Mdieexcehhent jhond ngrst&engids of
the parts 5 can be provided. "Further, since a difference between a solidus
t enper at ur ehandtael ZauicdugeherRperiainung ilesmaHan fdeait Y Hfid e deprd.s

| eads can be suppressed, even in case where packagi hg processes are
performed many tinmes over. Still 10 further, when the joint is exposed to
the high tenperature and high hum dity atnosphere, the bonding strength can

be pridvented frdmderhy 2owered. Wiile the invention has been shown and

described with rggggc# t% t he preferrgd enbo inenés, it will be understood
15 by those ski IFEf"®+et e i TREFI9Gr Cots tHanGBSCANA Hod f§ LT oM nay

be, made i (ROUL 4eRACH] 10 FLAT UGN T4 AP SOAREE' e BHentl o S
' Each solder having, in weight, 4 %Zn, 3 %In, 0.1-0.5 %Ag,
and the balance Sn of about 0.6 g was melted on a ceramic
15 plate to form a sphere shape, and in that state, cooled in
the air. A section of each solder particle was polished and
observed by using scanning electron microscope (SEM). The

results were described in Figs. 3A to 3C.
As is known from Figs. 3A to 3C, needle like Zn phases
20 decrease as the Ag concentration increases. Further, it can
be noted that spheroidal Zn-Ag phases increase in Figs. 3B
and 3C. Still further, a fine structure of the solder is
confirmed. 2n phases are finely dispersed, so that a
connection between the 2Zn phases disappears. Accordingly,

25 oxidation of 2Zn, which causes to lower a bonding strength,

does not spread towards an inside of the solder, and
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20 -22 \What is clainmed is: 1. A solder alloy based on an Sn-Zn-In-Ag
system the solder alloy conprising, in weight: 5 3.0 %< 2Zn <5.0 % 0.1 %
~In~4.0 % 0.1 %<- Ag <- 0.4 % and the balance Sn. 10 2. A Pb-free

sol der material conprising a solder alloy and a flux, wherein the sol der
alloy is based on an Sn-Znln-Ag system having, in weight: 3.0 %< Zn < 5.0
% 0.1 %~1In~4.0% 15 0.1 %~ Ag ~ 0.4 % and the balance Sn. 3. A

sol der all oy based on an Sn-Zn-1n-Ag system and having at | east one el enent
selected fromthe group 20 consisting of Ni, Ti, My, Al, and Co, the sol der

al | oy conpLb&eRgngl oehgondBny % tradiigth5udd¥r GHe %ondibt tod. QY twad
0.1 %c Ag c 0.4 % 25 wherein a total concentration of said at | east one
el enent i shight hempamgé ufreomnab duitghO hded Pittyo isbeupredsedd.- 23
In case where the Ag concentration is 0.1 % in weight,
many needle like Zn phases are observed, as shown in Fig. 3A.

5 However, a spheroidal Zn-Ag layer is certainly confirmed.

Example 3
In Example 3, a variation of an electrochemical
corrosion potential would be explained, in case when a small
10 amount of Ag is added to the Sn-4Zn-3In.
Each solder having, in weight, 4 %Zn, 3 %In, 0-0.5 %Ag,
and the balance Sn was prepared with a bar shape having a
cross section of 5 mm X 5 mm. A surface of the bar-shaped
specimen was polished with water resistance polishing paper
15 of 1200 mesh, and then, subjected to buffing by using Al;0;
suspension. Subsequently, the specimen was immersed into a
3.5 wt.% NaCl water solution at 25 C. Further, by using a
standard electrode employing a silver electrode, a silver
chloride electrode, and a saturated KCl water solution, an
20 electromotive force difference, which is generated between
Ag of the standard electrode and the solder specimen, was
measured. The result was shown in Fig. 4. Still further, as
a reference sample, an electrochemical corrosion potential
of the Sn-3In solder not containing Zn was described.
25 As is known from Fig. 4, oxidation of Zn in the solder

becomes difficult as an electromotive force is close to that
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in weight, and the remaining portion thereof is Sn. 4. A Pb-free sol der
mat eri al conprising a solder alloy and a flux, wherein the solder alloy has
at | east one 5 elenment selected froma group consisting of Ni, Ti, My, A1,
and Co, based on an Sn-Zn-1n-Ag based solder alloy having: 3.0 0 < Zn < 5.0
~ 0.10~1In~40~~and 0.1 a~ Ag ~ 0.4 %, 10 wherein a total
concentration of said at |east one elenent is in the range from about 0.001
to about 0.05 % in weight and the remai ning portion thereof is Sn. 5. A
sol der joint of electrical and el ectronic equi pnent 15 conprising the
sol der al | of ofhel 8nm3In GsoRdspl delamediynt 19§ ehectdddiadidndog! e rente
equi pnent conprising the solder alloy of claim3. -24
. A@. Ay . AR . 1AROLNnARMEL L & LO ARSI X Y R udi-9on AFE Bedly catY&be ABhYa ARE&d. AYED. AY&
_CAL&LAY& Al &L. AF99. AY&L. AY& . AY99. AY99BMX * gt uxyzy
L" ~yt o] e [ VFdapEdiora]icargusi]tad dajemregarg vendra) cT a] ca] ca] ca] ca] ca] ca]
ca] cMa] ca] ca] ca] c™a] ca] ca] ca] cTal] ca] ca] ca! " T$) KRE##HCEF&h&K( O @ G K- - - ntDOW
A1669: {vqgl gb] X] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca] c"a]
ca] cal]ca] ca] ca] c%&g] ajcalcalcalcalcal:7:;
;+<<X EGVKUKr L jCfUUUU[[\\\]mﬂzAN‘}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca
] ca] ca] ca] ca] ca] €q] ¢ ]cal c a] l6al cal\ga] ca] al ca
!N‘V‘?aTaabbEdNU%?di?%j ngﬁqqﬁlD?%frﬁgg%%ﬁﬁﬁﬁﬁggvv S%gkid%i]] ca?gg?g%§ca]c
a] ca] ca] cakealaekeasal aalea] sapeal sabicalieal cabeabsahgalaal cehcapgabealcal c
a] ca] ca] ca! wkwwwwwdMi\ i di j j j PnXngqqr Dr ~rr Pss] t t uuuDvpvvw} xsni d_Z]]] ca]ca] c
a] ca] ca] cajpc8pgalwciadicad cah cpl aagcalrhe] cal-dahned|Icaloc Epea] s dea] caf c@] Bagcal ¢
aJjcaJcalcalcal]caBMXi K- 10% & ()-s10% & ()-s10% & ()-9
10% & () - vaB%U (9ed-0@ 0% &' Cp- P L% &arfd - spphi&d Fto" B0%18IK) -F@®@n, it
"10% & () -1

10() was heated on a 230 C heat plate and soldered. After this

specimen was filled into a resin, polished, and evaporated,
a section of the bonding surface was observed by using SEM
and X-ray micro analyzer (XMA). As a result of the
observation using SEM and XMA, a Zn layer and an Ag layer
15 could be observed to be generated in a bonding surface
between the solder and the Cu plate. Namely, it can be known
that a Zn-Ag phase 1is formed in the bonding surface between
the Cu plate and the bonding surface. If a Zn-Cu compound
phase is formed in a bonding surface, oxidation in an
20 interface of the solder with the Zn-Cu compound progresses,
so that a bonding strength is lowered. Namely, by prevenﬁing
the formation of the 2Zn-Cu compound layer, a bonding

strength can be prevented from being lowered.

25 Example 5

In Example 5, a variation of a melting point would be
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S10% & ()- s10% & ()-3,9110% & ()- 10% & ()-Y 10% & ()-t}[9-F
F'OYF139%40%&' ()-!! YF13%d0%& ()-1- "10% & ()-3$F%40% & () - S! &3$F0%& () - S!' 3
39%40% t & ()-tuvwxyzuSl! F&YA0%& ()-.! F&MAO0Y& ()-.yF: 109 ()- &10%& ()- 10
10 10! :109%&k' ()-? vy } ~ w6+l
}?3}9%&f()-!}Fﬁ?iO%&f()-.!4F&%10%&f()-.!OF&%iO%&f()-.!CF&%iO%&f()-.!F&%iO%&
explained, in case when a small amount of Ag is added to the
Sn-4Zn-3In. Figs. 5A to 5E show measurement results of
melting points of solders, each having, in weight, 4 %Zn,
3 %In, 0-0.5 %Ag, and the balance Sn, by using DSC. As can
5 be seen from Figs. 5A to 5E, it could be noted that as the
Ag concentration increases, a peak representing a heat
absorbing amount in the vicinity of 205 T to 210 C becomes
large, and a melting amount of the solder increases in this
temperature area. If the Ag concentration becomes 0.5 % in
10 weight, an endothermic peak in the vicinity of 205 T to
210 C grows as much as substantially same as that in the
vicinity of 190 C. As a result, in case when being employed
as a solder, it is difficult to be melted. In.other words,
the solder is melted at a lower temperature (about 193 T)
15 first, and melted again at a higher temperature. Further,

wettability or fluidity of the solder becomes deteriorated.

From the aforementioned measurement results, by an

o°

addition of Ag with 0.1 in weight or more, an
electrochemical corrosion potential is improved. On the

20 other hand, if Ag is added more than 0.5 % in weight, as
described by DSC measurement of the alloy, higher
temperature peaks increase. Accordingly, the solder 1is
difficult to be melted, so that wettability or fluidity
characteristic thereof becomes deteriorated.

25 Further, if Ag is added to the solder containing Zn,

needle like Zn phases decrease and spheroidal Zn-Ag phases
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10: 1098 x$109BB& () -! $10%F& ()-1 "109%& ()- | "109%& ()-&l0%&' ()-L 10

10L" zX6HL 10! VYf &3%40%&' ()--! Yf &3%A0%& ()--!! Y"%0%& ()-Ys

"109%&' ()-M CF3%40%& ()-!!F3%40% ()-T!"#$~_TI>0'V 10 10

10: 109&' ()-!4Y93QA0%& () -

0Y93CMA0%B& () - Y1"10%&' ()-y/"109%& ()-$j:)WI3TI >0! 9+F9Z% 0% () -.! 4F9Z2%10%&
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ul 4" {Y70! 11 &Y&A 0% () -, ! Y&RGA0UR () -, ! XY&A0%& ()-,! Y&EA0%& ()-, 10 10
10: 1098 () conffxmedo$iy-\ a 0sitruckREe OvEe ¢y vl HaFFoEDI&e ( ne&vd el (VA ) 2n 10
1

0 phases are observed in case where the Ag concentration 1is

0.1 % in weight, an effect of improving an electrochemical

5 corrosion potential can be obtained even in that case, as
mentioned above.

Further, by the addition of Ag, the Zn-Ag compound

phase is formed in a bonding surface when soldering on a Cu,

to thereby serve as a barrier layer for suppressing a

10 reaction between Cu and Zn. As a result, formation of the

Zn-Cu compound layer, which tends to be easily oxidized, can

be suspended, so that oxidation in the bonding surface is

suppressed to thereby prevent the bonding strength from

being lowered.

15
Example 6
Each solder having, in weight, 4 %Zn, 0-10 %In,
0.3 %$Ag, and the balance Sn was molded to a plate shape at a
temperature higher than a solder liquidus temperature Dby
20 50 C, and a tensile specimen was prepared.

The specimen was JIS4 specimen. The tensile test was
performed at a tensile rate of 5.0 mm/min.

The result was described in Fig. 6. As is evident from
Fig. 6, elongation of 30 % or greater is held in the range

25 from 0 to 4 % In, in weight.
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10:'F, %409 ()-mF, %40%& ()-m 109%& ()-!+Y!'109%& ()- F910%& ()- 10

10v// nDO0IWA{ Y7E7 10! +Y933%10%& () -! Qy933%0%5& () - dF, ¥40%

& ()-nF, 0% ()ErdRpEe%@0%&' () - +F, %40%& () - mAL[ 1\ 1] 17 1MR23C4{ Y710! FL%40%
& ()-.!'CFL% 0% ()-.!}FLWO% ()-.! &FLY%O0% ()-. 10 10

10: 10%&' () - CAd59BB€6€63akdHY 710! YBADEEe ()solddr 1aterial formed of a

10: -109%& ()-'i FL940%&' ()-.!'4FL% 0% ()-.!! FLY%A0%& ()-.7899:7: W

xWbdY710! +iseduerv@ Yoy daRdd 0%fduK) -1s "WBDADoERR {- al W Batder and a
PY3% 0% ()- ! Y3%WOW7& ()- W,;;,;;; +<<<{Y810! CYWMiO%MQé)-
!&$10%&'()géfaﬂﬂﬁ%quR?-%Eﬁﬁ'1@he solder alloy is based ‘on the Sn-Zn-

5 In-Ag system having, in weight:

3.0 %$ < Zn < 5.0 %;

0.1 % =< 1In =< 4.0 %;
0.1 % < Ag < 0.4 %; and
the balance Sn.
10 Further, as the flux, a known flux may be used.

Example 8
In Example 8, a solder bonding strength would be
explained by using a solder alloy, which has at least one

15 element selected from a group consisting of Ni, Ti, Mg, Al,
and Co, based on the Sn-Zn-In-Ag system having, in weight:

3.0 8 € Zn < 5.0 %;
0.1 $ <1In<4.0 %; and
0.1 $ <Ag =0.4 %.

20 Here, a total concentration of at least one element is
in the range from 0.001 % to 0.05 % in weight and the
remainder is Sn.

The high temperature and high humidity test was
carried out on the following samples. Fig. 7 exhibits

25 variations of bonding strengths thereof. Bonding strength

was measured by the same method as in Example 1. The samples
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10: - 109%&' () -! CFF90%&' () -:! LFFOd0%& ()-:!OFF%0%& ()-:!+FF9d 0% () -: FF¥d0%
& ()-: SKTKUKKrL| LLMgE7 10! Y3%10%&' ()- @O0%& () -
@O0%&' ()-! R¥EeYBreparkWWbPV@&I& ng solld 1 NNNSLI)L RRMIBEYaving one of the
10! & 3%40%&' ()-T! & 3940%& ()-T! & *CA0%& ()-!+l *GA0%& ()-! & %409& () -
I & %0%' (pfoPPRPRLtQoQRRY S|lements and performing a reflow soldering on
a Cu film.
In Fig. 7, F represents a standard Pb-free solder
5 alloy of the present invention. Further, A, B, C, D, and E
have the same composition with F other than Sn, and contain
0.004 %Ti, 0.01 %Ni, 0.01 %Mg, 0.05 %Al, and 0.05 %Co, in
weight, respectively. And, the remaining portion thereof is
Sn. Comparing bonding strengths after being exposed for 1000

10 hours under the condition of the high temperature and high
humidity, the samples A, B, C, and E are found to be
superior to the standard F. Further, it can be noted that
the sample D maintains a bonding strength at least equal to
or greater than F.

15 Fig. 8 shows variations of bonding strengths under the
high temperature and high humidity on three solder joint
compositions: Sn-8zZnn-3Bi, Sn-4Zn-3In-0.3Ag, and Sn-4Zn-3In-
0.3Ag-0.003Ti. Further, the solder joints are formed by the
same manner as in Example 1. As can be seen from Fig. 8, the

20 addition of Ti is clearly demonstrated to be effective after
1500 hours.

Further, in the comparative Sn-8Zn-3Bi, a bonding

strength becomes less than 1 kgf after 250 hours. Other

elements such as Ni, Mg, Al, and Co provide the same effects

25 as Ti.
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A Pb-free solder material formed of a solder alloy and
a flux of Example 9 is utilized in a wire solder and a cream
solder. Here, the solder alloy has at least one element
5 selected from the group consisting of Ni, Ti, Mg, Al and Co,
based on the Sn-Zn-In-Ag having, in weight:
3.0 3 < Zn < 5.0 %;
0.1 $ <In< 4.0 %; and
0.1 % <Ag = 0.4 %.

10 Here, a total concentration of at least one element is
in the range from about 0.001 % to about 0.05 % in weight
and the remainder is Sn.

Further, as the flux, a known flux may be used.
As mentioned above, in accordance with the present

15 invention, the Zn concentration is in the range from about 3
to 5 % in weight, so that solder joint reliability can be
improved under the high temperature and high humidity
atmosphere. Further, a solder alloy of the present invention
may be a bar solder (molten solder), and a Pb-free solder

20 alloy suitable for a diffusion bonding. Still further, the
present invention may include a solder joint of electrical
and electronic equipment using the solder alloy of the
present invention.

A Pb-free solder using a solder alloy in accordance

25 with the present invention has a melting temperature

substantially equal to that of a conventional Sn~Pb solder.
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Further, b-free solder material having a solder
characteristic with excellent bonding strengths of the parts
5 can be provided.

Further, since a difference between a solidus
temperature and a liquidus temperature is small, floating of
the parts leads can be suppressed, even 1in case where
packaging processes are performed many times over. Still

10 further, when the joint is exposed to the high temperature
and high humidity atmosphere, the bonding strength can be
prevented from being lowered.

While the invention has been shown and described with
respect to the preferred embodiments, it will be understood

15 by those skilled in the art that various changes and
modifications may be made without departing from the spirit
and scope of the invention as defined in the following

claims.

20
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What is claimed is:

1. A solder alloy based on an Sn-Zn-In-Ag system, the
solder alloy comprising, in weight:
5 3.0 % < Zn < 5.0 %;
0.1 $ <1In<4.0 %;
0.1 % <Ag =< 0.4 %; and

the balance Sn.

10 2. A Pb-free solder material comprising a solder alloy
and a flux, wherein the solder alloy is based on an Sn-Zn-
In-Ag system having, in weight:

3.0 $ < Zn < 5.0 %;
0.1 $ <In < 4.0 %;
15 0.1 $ <Ag 0.4 %; and

the balance Sn.

3. A solder alloy based on an Sn-Zn-In-Ag system and
having at least one element selected from the group

20 consisting of Ni, Ti, Mg, Al, and Co, the solder alloy
comprising, in weight:

3.0 8 < Zn < 5.0 %;

X

0.1 $ £ In < 4.0 %; and
0.1 % < Ag =< 0.4 %,
25 wherein a total concentration of said at least one

element is in the range from about 0.001 % to about 0.05 %
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4, A Pb-free solder material comprising a solder alloy
and a flux, wherein the solder alloy has at least one
5 element selected from a group consisting of Ni, Ti, Mg, Al,
and Co, based on an Sn-Zn-In-Ag based solder alloy having:
3.0 $ < Zn < 5.0 %;
0.1 $ < In < 4.0 %; and
0.1 % < Ag £0.4 %,
10 wherein a total concentration of said at least one

element is in the range from about 0.001 to about 0.05 % in

weight and the remaining portion thereof is Sn.

5. A solder joint of electrical and electronic equipment
15 comprising the solder alloy of claim 1.
6. A solder joint of electrical and electronic equipment

comprising the solder alloy of claim 3.
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