.1 TI TLE OF THE | NVENTI ON SOLDER MATERI AL AND E THE VE
BACKGROUND OF THE I NVENTION 1. Field of the In '
rel ates to sol der material havi ng an excel | ent fatlgue re |s ance na’-
sol der joining portion when an el ectronic conponent is joined to a
substrate using the solder nmaterial, and an electronic part using the,sane.
2. Description of the Prior Art Currenily sol der material is used|f@$s
joining the I C chip, capacitor or the like to a substrate and eut ect isepy
sol ders essentially consisting of 5% by wei ght of Sn and 95% by wei ght of
Pb or 63% by wei ght of Sn and TS/FGLE)\OFVEIHFW{INVENZION e used. On the ot her
hand, when the I C chip, capacitor or the like is joined to the substrate
usi ng the sol derSOIMER IMATERIATLAAND fRIBOTRONIC PARDAUSING |THR: SAMR pt er posed
t her ebet ween. The substrate having the 1C chip or the like, incorygorated in
el ectroni c apparatus is exposed to tenperature cycle environnent in which
heating and cooling are repeated with OV OFF of the el ectronic apparatus.
Particularly with current tBARORGROUNPCOEaTHE INVENEBDONt hi ckness of its
packages, there is produced such a problem
1. Field of the Invention
This invention relates to solder material having an
excellent heat fatigue resistance in a solder joining portion
when an electronic component is joined to a substrate using
the solder material, and an electronic part using the same.
2. Description of the Prior Art
Currently solder material is used for joining the IC
chip, capacitor or the 1like to a substrate and eutectic solders
essentially consisting of 5% by weight of Sn and 95% by weight
of Pb or 63% by weight of Sn and 37% by weight of Pb are used.
On the other hand, when the IC chip, capacitor or the
like is joineci to the substrate using the solder material,
usually film of Ni, Cu or the like is interposed therebetween.
The substrate having the IC chip' or the like,
‘incorporated in electronic apparatus is exposed to
temperature cycle environment in which heating and cooling
are repeated with ON/OFF of the electronic apparatus.

Particularly with current trend of decreased size and

thickness of its packages, there is produced such a problem



2 that when the solder joined portion is exposed to tenperature cycle
environnent, cracks are likely to occur. The reason is that although a
measur e agai nst cracks was taken by design change of the nounting style
according to the prior art, with the decreased size and thickness of the
package, the freedom of mounting style design is |limted so that the

af orenenti oned neasure is inpossible t®» do. Therefore, solder material not
causi ng crack even if exposed to tenmperature cycle environnment has been
demanded. To neet such a demand, for exanple, Japanese Unexam ned Patent
Appl i cat i on Wt whenithe seddexajoined porddiamas exPaRed § LEPRIREW S ned
amount of telluriumw th Sn-Pb alloy, anti-crack characteristic is

i nproved. F@¥He enmiranmantyn czagks @reildkelypBoi egensn NBhe egasor37095
has di scl osed that by m xing a predeterm ned anount of Sb and In with the
Sn-Pb al | oy,is kbagmlthough aneasvreragainst cragksovad. takgmbysdesigxani ned
Pat ent Application No. Hei 7-299585 has disclosed that by mxing a

predet er m nezhangsief bhe Sountdng skiyle accosbimg te the prier axti getth
resistance is inproved. However, when the IC chip or the like is joined to
t he subst r attheédecheageds sieatand dhiaknass pdnthe packageavmtbei ffeedor heat
fatigue resistance of the solder material exposed to tenperature cycle
envi ronment aEmguntadgdtwliedesignhicy limited so that the aforementioned

measure is impossible to do.
Therefore, solder material not causing crack even.if
exposed to temperature cycle environment has been demanded.
To meet such a demand, for example, Japanese Unexamined
Patent Application No. Hei 1-'127192 has disclosed that by
mixing a predetermined amount of tellurium with Sn-Pb alloy,
anti-crack characteristic is improved. Furthef, Japanese
Unexamined Patent Application No. Hei 1-237095 has disclosed
that by mixing a predetermined amount of Sb and In with the
Sn-Pb alloy, the anti-crack characteristic is improved.
Japanese Unexamined Patent Application No. Hei 7-299585 has
| disclosed that by mixing a predetermined amount of Sb and Ni
with the Sn~-Pb alloy, the fatigue resistance is improved.
However, when the IC chip or the like is joined to the
substrate by the aforementioned conventional solder material,
the heat fatigue resistance of the solder material exposed

to temperature cycle environment is demanded to be further



3 inproved. Further, if the N filmis interposed to inprove the joining
performance of the solder material, a solder material capable of reducing
damage of such Ni filmis demanded. SUMVARY OF THE | NVENTI ON The present
i nvention has been proposed to solve the above problens and it is therefore
an object of the invention to provide a solder material wherein, when an
el ectroni c conponent such as the IC chgp is joined to a substrate using the
solder material, the heat fatigue resistance thereof is inproved and danage
of- Ni film if used, can be reduced, and an electronic part using the sane
sol der nat erdimgirovesl.achi eve t he above object, according to an aspect of the
present invention, there is provided a solder material consisting
essentially of f r Frarther ¢ A f 9ty fidmghs dhtEepoSedntd. Diiprove. €198, by
wei ght of N, total thereof being from0.02 to 5.0% by weight; fromO0.1 to
8. 0% by wei glaimdimgpekfarmance af the smbdéenmateaiald ,t smaetrymasbégtnl of Pb,
bal ance contai ning Sn and unavoi dable inpurity. That the content of Ag, In,
that is, theapablentobfraatudiosstdamegefofgswrhl N filn rmnd)emanchec& 0% by
wei ght i ncl udes
SUMMARY OF THE INVENTION
The present invention has been proposed to solve the
above problems and it is therefore an object of the invention
to provide a solder material wherein, when an electronic
component such as the IC chip is joined to a substrate using
the solder material, the heat fatigue resistance thereof is
improved and damage of Ni film, if used, can be reduced, and
an’ electronic part using the same solder material.
To achieve the above object, accoi:ding to an aspect of
the present invention, there is provided a solder material
consisting essentially of from 0.01 to 4.99% by weight of Fe;
from 0.01 to 4.99% by weight of Ni, total thereof being from
0.02 to 5.0% by weight; from 0.1 to 8.0% by weight of at least
one of Ag and In; from 0 to 70% by weight of Pb, balance
containing Sn and unavoidable impurity.
That the content of Ag, In, that is, the content of at
least one of Ag and In is from 0.1 to 8.0% bﬁ'weight includes

not only a case in which the content of at least one of Ag



not only a case in which the content of at |east one of Ag 4 or Inis
from-0.1 to 8 0%by weight, but also a case in which both Ag and In are
cont ai ned such that the total thereof is fromO0.1 to 8.0% by wei ght.
Further, according to another aspect, the present invention provides a
sol der material consisting essentially of fromO0.01 to 4.99% by wei ght of
Fe; from0.01 to 4.99% by weight of N4 total thereof being fromO0.02 to
5.0% by weight; fromO0.05 to 6.0% by weight of Ag; fromO0.05 to 2. 0% by
wei ght of In; fromO to 70% by wei ght of Pb, bal ance containing Sn and

unavoi dabl e o ikyfré&inio |1 fud Bher by wdi@RENbutNAESd i D daie0 ¥ hdasic
el ectronic part wherein an electronic conponent is joined to a substrate

using the sobsker Apla@id an ERBt £6AEEiNEE Wb EHaE @he 86RAL! tRérébE is
i nvention, above. Still further the present invention provides an

el ectroni ¢ pgrdm VOEL etd mmglwtﬁ@i@ﬁtporrponent Is joined to a substrate
using the solder material nentioned according to anot her aspect of the

i nvention, above. RijtHedFAdddddidy Fo HotiiWdpgadtd Gthe igresent

| ongi tudi nal front sectional view show ng
invention provides a solder material consisting essentially
of from 0.01 to 4.99% by weight of Fe; from 0.01 to 4.99% by
- weight of Ni, total thereof being from 0.02 to 5.0% by weight;
" from 0.05 to 6.0% by weight of Ag; from 0.05 to 2.0% by weight
of In; from 0 to 70% by weight of Pb, balance containing Sn
and unavoidable impurity.

Still further the present inventibn provides an
electrohic part wherein an electronic component is joined to
a substrate using the solder material mentioned accordiﬁg to
one aspect of the invention, above.

- 8till further the present invention provides an
" electronic part wherein an electronic component. is joined to
a substrate using the solder material mentioned according to

another aspect of the invention, above.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a longitudinal front sectional view showing
an example of an electronic part using a solder material

according to the present invention;



.an exanple of an electronic part using a solder material according to the
present .invention, 5 FIG 2 is a perspective view show ng an exanpl e of
an electronic part using a solder nmaterial according to the present .
invention; FIG 3 is a longitudinal front sectional view show ng an exanpl e
of an electronic part using a solder material according to the present
invention; FIG 4 is a longitudinal frgnt sectional view show ng an exanple
of an electronic part using a solder material according to the present
invention; and FIG 5 is a schematic diagram of neasurenent nethod for the
heat fatigue resigirance 0§ 4 FerahstivatAldwvilshdddnl ahi eRuMBIBISE daOr ee
according to the present invention. DESCRI PTI ON OF THE PREFERRED

EMBODI MENTSeibe+eohad RS utfidd'e HERRY ndtedildioncddAdiify desatded with
reference to the acconpanyi ng drawi ngs. As descri bed previously, the

present invepsentCng¥ntSon der material having a conposition in which
the content "percentages of Fe, N, Ag, In, Pb, Sn are as descri bed above

and an el ectroni cpRey,t 30D§ & NFAPHUPIAHINE rdNte58EL18HAT view showing

an example of an electronic part using a solder material
according to the present invention;

FIG. 4 is a longitudinal front sectional view showing
an example of an electronic part using a solder material
according to the present invention; and

FIG. 5 is a schematic diagram of measurement method for
the heat fatigue résistance of the solder material and Ni £ilm

damage degree according to the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The embodiments of the present invention will be
described with reference to the accompanying drawings.

As described previously, the present invention
concerns solder material having a composition in whicﬁ the
content percentages of Fe, Ni, Ag, In, Pb, Sn are as described
above and an electrbnic part obtained by joining an electronic
component with a substrate using this solder material.

The electronic component mentioned in the present

invention refers to a component soldered to a substrate such



.conpgnent with & substrate using this solder material. The el ectronic
conponent -nentioned in the present invention refers to a conponent sol dered
to a substrate such 6 as I C chip, capacitor, sem conductor device,
hybrid IC and the like. The electronic part nentioned in the present

i nvention refers to (1) sem conductor device containing the IC chips, (2)
hybrid IC, and (3) device in which theglC chip, sem conductor device,
capacitor or the like is nounted on a substrate. Further, in the present

i nvention, a copper stretched |am nated plate for printing circuit and die

for die bondg ﬁ'ﬁ]‘gﬂcl?& ‘?Ja‘i:%UiQ:'&irﬁ,e%%fﬁl%%ﬁﬁﬁhég@&ed@ié@é?dh heigef@rdmdl 10 as

the substrate. per “stretc m nated plate for printing circuit
i ncl udes resige bj {ylgr substrate, ceramcs substrate and the like. The resin
bi nder substrate neans a kind of the copper stretched |am nated plate for

printing oirouit, dik WeBRroRIphe URA 1WReR Yo nPhPABENTTL AR 0" the

substrate nmateri al he paper copper stret at e,

ngn'e:]ategg)(%ﬁg%@% ﬁ th)CEEﬂiEBHhGé{:SQ PePiEe ARG ¥neOPEEn A4 St ched
(2) hybrid IC, and (3) device in which the IC chip,
semiconductor device, capacitor or the like is mounted on a
substrate.

Further, in the present invention, a copper stretched
laminated plate for printing circuit and die for die bond,
on which electronic components are mounted are referred to
as the substrate. The copper stretched laminated plate for
printing circuit includes resin binder substrate, ceramics
substrate and the like. The resin binder substrate means a
kind of the copper stretched laminated plate for printing
circuit, in which resin is used mainly as binder material for
the substrate material. The paper phenol copper stretched
laminatedplate,paperepoxycopperstretchedlaminatedplate,
glass epoxy copper stretched laminated plate and the
laminated are included in this kind.

The solder material of the present invention employs
Sn or Sn-Pb alloy as its base metal.

The Pb content of this solder material needs to be 0-70%

by weight.



lamnated are included in this kind. The solder material of the present

i nvention .enploys Sn or Sn-Pb alloy as its base netal. The Pb content of
this solder nmaterial needs to be 0-70% by wei ght. 7 1f the Pb content
exceeds 70% by weight, |iquidus tenperature rises and it is not favorable
for environnmental problem To inprove heat fatigue resistance of the sol der
material, the Pb content thereof is preferred to be 0-65% by weight. As the
Pb content is nearer the 0% by weight, the solder naterial is nore gentle
for the environnent so that its heat fatigue resistance is inproved. Thus

it is favordble that thee BB AaY dicddadyropimhiveddian, iliqeidal d that

the Pb content is 0% by weight in the present invention, a fine anount of
Pb m Xi ng agemjpareitial ¢iseaubntyitsi®aidt thedrabl el B6rPeRSE bnmevELT | ON,
it is necessary that in the aforenentioned base netal, a predeterm ned
anount of Fe@¥pldm. s contained with at |east one of Ag or In of a
predet erm ned

To improve heat fatigue resistance of the solder
material, the Pb content thereof is preferred to be 0-65% by
weight.

As the Pb content is nearer the 0% by weight, the solder
material is more gentle for the environment so that its heat
fatigue resistanée is improved. Thus it is favorable that
the Pb content is 0% by weight.

When it is said that the Pb content is 0% by weight in
the present inﬁention, a finé amount of Pb mixing as
unavoidable impurity is permitted.

In the present invention, it is necessary that in the
-aforementioned base metal, a predetermihed amount of Fe or
Ni is cdni_:ained with at least one of Ag or In of a predetermined
amount.

If the contents of Feand Ni aré less than 4. 9‘9% by weight,
as compared to a type in which they are over 4.99% by weight,
the heat fatigue resistance of the solder material is improved
and if the Ni film._is interposed between the substrate and
solder material, damage of the Ni film can be reduced.

If the contents of Fe and Ni aremore than 0.01% by weight,



anount.. If the contents of Fe and Ni are |less than 4. 99% by wei ght, as
conpared to a type in which they are over 4.99% by wei ght, the heat fatlgue
resi stance of the solder material is inproved and if the NI filmis

i nterposed between the substrate and solder naterial, damage of the Ni film
can be reduced. If the contents of Feand NI are nore than 0.01% by wei ght,
8 as conpared to a type in which they ge less than 0.01% by weight, the
heat fatigue resistance of the solder material is inproved and if the N
filmis interposed between the substrate and sol der nmaterial, damage of the

N filmcan e cefipaedd td aheypéoto wpdiERinef e @'&%sN'th'a% besgst Bgn S 0%
by wei ght, as conpared to a type in which it i's over 5.0% by weight,“the

heat fatigueweeghs,athe Béat hEatyEle rePiftidrie icF ithe! %Qée%nﬁlatér&gﬁ Ni
filmis interposed, danage of the Ni filmcan be reduced. If the total

content of Fesaislphbved 8RACiEN8ReOND2%4 DM Y6 SRterp8s€QBatFdehOtRet YPE I N
which it is less than 0.02% by wei ght, the heat fatigue resistance of the
sol der mat er s@bstgatBPARN SSbRI6k infatidig Y, WahAyeSoEntns Ft?f%hnﬂé%ﬁgﬁef)f the
reduced.
If the total content of Fe and Ni is less than 5.0% by
weight, as compared to a type inwhich it is over 5.0% by weight,
the heat fatique resistance of the solder material is improved
and if the Ni film is interposed, damage of the Ni film can
be reduced.
If the total content of Fe and Ni is more than 0.02%
by weight, as compared to a type in which it is less than 0.02%
by weight, the heat fatigue resistance of the solder materiai
is improved and if the Ni film is interposed, damage of the
Ni film can be reduced. |
Therefore, it has been determined that Fe content is
0.01-4.99% by weight, Ni content is 0.01-4.99% by weight and
the total content thereof is 0.02-5.0% by weight.
Under’ the present invention, it is necessary that in
the aforementioned base metal, a predetermined amount of at
least one of Ag and In is contained with Fe, Ni of the

aforementioned predetermined amount.

If at least one of Ag and In is less than 8.0% by weight,



N filmcan be reduced. Therefore, it has been determ ned that Fe content
s Q.01-4.99% by weight, Ni content is 0.01-4.99% by weight and the total
content thereof is 0.02-5.0% by weight. Under the present invention, it is
necessary that in the aforenenti oned base netal, a predeterm ned anount of
at |east one of Ag and In is contained with Fe, N of the aforenentioned
predeterm ned amount. If at |east one gf Ag and In is less than 8. 0% by

wei ght , 9 as conpared to a type in which it is nore than 8. 0% by wei ght,
the heat fatigue resistance of the solder material is inproved and if Ni
Frimis intefasmdabeHESH tPBeSHP WHivHC: kdetndReClos?h of the
Ni fil mcan%sg re Sceg. | f a?ﬁ?eiggt &ne é?r%gﬁgnge?nﬁ?s m)reyt anm 0. 1% by

wei ght, as C(-{Hsg)%gg f;ﬁ%aig,&oeyfés%&m%@eue%@ﬁd%kx@&e&mfigs- weded and

its content . 1% by weight or both Ag and In are contal ned and

the total Coesl v 19351 LN rddhdy el LAORIC SO NS RRS! ance

of the solder materral 1s I nprov and i f the aforenentione mis

i nt er posed, ﬁ%%@g%ﬁcfﬁ%aégfﬂﬂén@%m re Ry redii&{ ore, the content

of at | east one
' If at least one of Ag and In is more than 0.1% by weight,

as compared to a type in which any one of Ag or In is contained
and its content is less than 0.1% by weight or both Ag and
In are contained and the total content is less than 0.1% ‘by
weight, the heat fatigue resistance of the solder material
is improved and if the aforementioned Ni film is interposed,
the damage of that film can be reduced.

Therefore, the content of at least one of Ag and In is
determined to be 0_.1—8..0% by weight.

To improve the heat fatigue resistance of th_é solder
material and reduce the damage of the Ni film, it is preferable
that both Ag and In are contained and the Ag cbntent is
0.05-6.0% by weight and In content is 0.05-2.0% by wéight.

The solder material of the present invention can be
processed in the form of tape, wire, pellet, cream or the like
and used as material for immersion bath or vaporization.
Further, it can be used as composite material in which
high-melting point particles are mixed.

The processing method for the tape and wire are as



determned to be 0.1-8.0% by weight. To inprove the heat fatigue resistance
of t.he solder material and reduce the damage of the NI film it is
preferable that both Ag and In are contained and the Ag content is

0. 05-6.0% by weight and In content is 0.05-2.0% by weight. The sol der
material of the present invention can be processed in the form of tape,
wre, pellet, creamor the |ike and usqg as nmaterial for imrersion bath or
vaporization. Further, it can be used as conposite material in which

hi gh-nel ting point particles are m xed. The processing nethod for the tape
and wire areféablowslO follows. In the case of tape, after casting in the
formof an ingot, it is rolled and slit .to a tape of a predeterm ned

di mensi on. The t apen dieeREs¥ 05 t3gesClaFdteirn castdnge iaf theOfobmSofman n
t hi ckness and 0.5-5.0 mmin width. In the case of wire, after elenent wire

i s obtained Dyge) risi i £611le@oind@rsiit b i AoLaPe teh aAeprédétémiwéd®r by
quenching nethod, that elenent wire is extended to wire of a predeterm ned

g: gengflecr)n TdEmehs folll M dape ditteiicth 115 sdlddRdiin.dxdnde HH i n
| | -0.05-0.5 mm in thickness and 0.5-5.0 mm in width.

In the case of wire, after element wire is obtained by
extrusion of ingot or injecting moiten metal into water by
quenching method, that element wire islextended to wire of
a predetermined dimension. The wire dimension is selected
in a range of 0.05-5.0 mm in diameter.

If it is intended torobtéin cream solder, flux is used
as viscous base and this is mixed and agitated with powdered
solder so as to have aﬁ appropriate viscosity and then
cream-like solder is produced. As the flux, rosin'or
poiymerized rosin is dissolved with organic solvent and then
activator is added so as to produce 1liquid flux. In addition,
it is permissible to use other various kinds of flux sfch as
inorganic acid series and organic acid series.

As for production of powdered solder, as a method for
powdering from melting condition, granulating method, impact
method and spray method are available.

As an example thereof, natural rosin (resin) is

dissolved in aromatic high-quality alcohol so as to obtain



/f it is intended to obtain creamsolder, flux is used as vi scous base and
this is mxed and agitated with powdered solder so as to have an
appropriate viscosity and then creamli ke solder is produced. As the fl ux,
rosin or polymerized rosin is dissolved with organic solvent and then
activator is added so as to produce liquid flux. In addition, it is

perm ssible to use other various kindsttof flux such as inorganic acid
series and organic acid series. As for production of powdered sol der, as a
met hod for powdering fromnelting condition, granulating nethod, inpact

nmet hod and shiqyidredteke BluxgVandabhen ﬂhaﬁﬂlxqumadstdﬁGEE&uk isatixed rosin
(reS|n) Is dissolved in aromatic high-quality alcohol so as to obtain

l'i qui d- st at earld wgitaated heith isailderqpotdeirahavihgx106-40¢atesind wigidint ed
wi th sol der powder having 100-400 mesh, which is produced by spray nethod

from an ingois pijodaiced by&prdy ﬁéthbﬂhfﬁolwraad.Gthimaﬁhmﬁ)aﬁdtmé)Ited n the
ratio of 5-30wt % so as to obtain cream solder In viscosity range of

2- 800, 000 cpeitH fa tprededaiatinel Somposditions fhethat ratiendf B-3@atsed for
joining the sem conductor device with a substrate, die bonding or hybrid
I'C, the sol das amaterobtadn drfearpseddetr in v:.scos:l.ty range of 2-800,000

| cps.

If the solder material of the present invention is used
for joining the semiconductor device with a substrate, die
bonding or hybrid IC, the sélder material of the present
invention can be used as a composite material in which
high-melting point particle is mixed with the solder material
having the aforementioned composition so as to maintain
horizontality between the ele;tronic component and
substrate.

It is preferable th&t the melting point of the
‘high-melting _point particle is more than 400° C, the content
thereof is 0.001-0.6% by weight and the diameter of'ghe

particle is 5-100um.

As the high-melting point particle, metallic powder of
Cu, Ni or the like, oxide such as Si0O, and carbide such as
SiC can be mentioned as an example.

In the solder material of the present invention, if the

Ni film or Cu film is coated on the surface of material to



l'nvention can be used as a conposite material in which high-nelting point
particle,is mxed with the solder material having the aforenentioned
conposition so as to nmaintain horizontality between the el ectronic
conmponent and substrate. It is preferable that the nmelting point of the
hi gh-nmelting point particle is nore than 400 [err] C, the content thereof
is 0.001-0.6% by weight and the dianetegR of the particle is 5-100[err]m As
the high-nelting point particle, .nmetallic powder of Cu, NN or the like,
oxi de such as Si(Jerr] and carbide such as Si C can be mentioned as an
exanpl e. | n begcigiatbymmlieninghlsioe joisbng pemformance by soldexing | m or
Cu filmis coated on the surface of material to 12 be joined by
sol deri ng al san bei hinpgopedftor mance by sol deri ng can be i nproved.
Particularly, the solder material of the present invention is prefefred for
sol dering with thePartichhardg,etthensvhderematebiadepfsthet pxeseatich as
FR-4 specified under the NEMA. Formation of the Ni filmis carried out by
pl ati ng, invention is preferred for soldering with the Ni film coated

on the resin binder substrate such as FR-4 specified under

the NEMA.

Formation of the Ni film is carried out by plating,
vaporization or the like. The thickness of the Ni film by
vaporization is preferred to be 1000-3000 A.

As electronic part of the present invention, for example,
semiconductor device or BGA in which IC chip is die-bonded,
particularly, CSP package in which a chip carrier substrate
and main board substrate are joined by soldering through the
Ni film can be mentioned.

The electronic part as a BAG package will be described
with reference to FIG. 1.

Referring to FIG. 1, reference numeral 1 denofes an
alumina substrate, numeral 2 denotes an IC chip, numeral 3
denotes bonding wire, numeral 4 denotes sealing resin,
numeral 5 denotes a semiconductor device, numeral 6 denotes
a semiconductor device pad eledtrode, and numeral 7 denotes

solder ball made of the solder material of the present

invention, which is joined to the pad electrode 6. Numeral



Vaporl zation or the Iike. The thickness of the Ni film by vaporization is
preferred to be 1000-3000 A As electronic part of the present invention,
for exanple, sem conductor device or BGA in which IC chip is die-bonded,
particularly, CSP package in which a chip carrier substrate and nain board
substrate are joined by soldering through the Ni filmcan be nmentioned. The
electronic part as a BAG package will hg described with reference to FIG"
1. Referring to FIG 1, reference numeral 1 denotes an alumi na substrate,
nuneral 2 denotes an I C chip, nuneral 3 denotes bonding wire, numeral 4
denot es seal§ dgnogesnglasswpmixy>cdpperest reteined daninateddselatoe asntper al 6
denotes a sem conductor device pad el ectrode, and numeral 7 denotes sol der
bal | nade ofmair beixds Famezad Sfdearnvtes ehentpadi\edridtaodenhi Thei s j oi ned
to the pad el ectrode 6. Nuneral 13 8 denotes gl ass epoxy copper
stretched | snirtace qf &dhe padi¢becerodéd,d9 Mnwated withoNespldeimpd
el ectrode. The surface of the pad electrodes 6, 9 is coated with Ni plating
or Cu platimr Guplladding.l uFuttheiroi fiuy fde Rmimarg tld sélderchenin Bol der
is coated on the plating |layer of the pad

or cream solder is coated on the plating layer of the pad

electrode 9. An electronic part having such a composition

is passed through a heating oven in hydrogen atmosphere so

as tomelt the solder ball 7 and then the soldering is achieved.

FIG. 2 shows electronic part in which a semiconductor
device is mounted on a substrate.
In the same Figure, reference numeral 11 denotes an

alumina substrate, numeral 12 denotes a IC chip, numérals 13,

14 denote a pad electrode and numeral 15 denotes solder ball

made of the solder material of the present invention, which

is joined to the pad electrode 13. The surface of the pad

electrodes 13, 14 is coated with Ni plating or Cu plating and

further, the plating layer of the pad electrode 14 is ¢oated

with flux for joining the solder ball 15 or cream solder. The

electronic part having such a structure is passed through a

heatihg oven so as to melt the solder ball 15 and the IC chip

12 is soldered on the alumina substrate 11. Finally the IC

chip 12 is sealed by the sealing resin 16 so that the

semiconductor apparatus 17 is completed.



&l ecttode 9. An electronic part having such a conposition is passed through
a heating oven in hydrogen atnosphere so as to nelt the solder ball 7 and
then the soldering is achieved. FIG 2 shows electronic part in which a
sem conductor device is nmounted on a substrate. In the same Figure,
reference nuneral 11 denotes an alum na substrate, nuneral 12 denotes a IC
chip, nunerals 13, 14 denote a pad el eqgrode and nuneral 15 denotes sol der
ball nmade of the solder material of the present invention, which is joined
to the pad electrode 13. The surface of the pad el ectrodes 13, 14 is coated
with Ni plating offi§. g} &hows and eflectirenic: parpl 4nj whichyarswpstrrtead

el ectrode 14 is coated with flux for joining the solder ball 15 or cream
sol der. Thei®lkeadediwipara prckagestype ssenicenductor apparatusringh a

heating oven so as to nelt the solder ball 15 and the IC chip 12 is
sol dered on wihich|asiemicondnotere device hal ngunted jab @éhilgad2framecandd by
the sealing resin 16 so that the sem conductor apparatus 17 is conpl eted.
14 FIG 3 sieewled wlithtresin matd.in which a substrate is |loaded with a
package-type sem conductor apparatus in which a sem conductor device is
mount ed on a | ead ¥n &the @mahe Figure, reference numeral 21 denotes the
aforementioned semiconductor apparatus, numeral 22 denotes
an outer lead, numeral 23 denotes a substrate, numeral 24
denotes a pad electrode on the substrate and numeral 25 denotes
the solder ball made of the solder material of the present
invention, which is joined to the lead 22. The surface of
the pad electrode 24 is coated with Ni plating or Cu plating.
The plating layer of the pad electrode 24 is coated with flux
for joining the solder ball 25 or cream solder. The
electronic part having such a composition is passed through
the heating oven so as to melt the solder ball 25 and the
soldering iS achieved.
FIG. 4 shows an electronic part in which a semiconductor
device is mouhted on a substrate by die bonding. In the same
Figure, reference numeral 31 denotes ah IC chip, numeral 32
denotes a substrate, and numeral 33 denotes solder ball made
of solder material of the present invention, which is joined

to the IC chip 31. 1In the IC chip 31 and substrate 32, the

surface of the solder ball bonding portion is coated with Ni



sealed with resin nold. In the sane Figure, reference nuneral 21 denotes
t he af-orenenti oned sem conduct or apparatus, nuneral 22 denotes. an outer
| ead, numeral 23 denotes a substrate, nuneral 24 denotes a pad el ectrode on
t he substrate and nuneral 25 denotes the solder ball made of the sol der
material of the present invention, which is joined to the |ead 22. The
surface of the pad electrode 24 is coatygd with Ni plating or Cu plating.
The plating |ayer of the pad electrode 24 is coated with flux for joining
the sol der ball 25 or cream sol der. The el ectronic part having such a
conposi ti on PtapingeartGuoplating. heurthemy cthes plat ing risyert lof whleder
bal | 25 and the soldering is achieved. FIG 4 shows an electronic part in
whi ch a seni8ehgtrabe I isceoatedowitkElnx fosujsining the soddeerbaly. | n
the same Figure, reference nuneral 31 denotes an |IC chip, numeral 32
denotes a sub3tentereamdsolderal Tt deentoomsa ¢gartbdadvimdsuweh ol der
material of the present invention, which is joined to the IC chip 31. In
the 1 C chi p campositiontisipas3d2d theoughftioe hehttihg evbreso d kobaeTi ng
portion is coated with N plating or Cu plating. Further, the plating
| ayer of thethebselder B2lls33oanddthetsoldexidgris cachigvéde sol der ball
The aforementioned solder balls 7, 15, 25, 33 are formed
f_rom tape, wire, pellet or the like produced from the solder
material of the present invention. If the cream solder is
used instead of the solder ball, by printing. and melting each
predetermined amount of solder by screen printing method, the
same effect as when the aforementioned solder ball is used
can be obtained.
Although an example of the electronic part in which the
ICchip or semiconductor is mounted on a substrate is described
above, the solder material of the present invention can be
used in producing an electronic part in which the hybrid IC
or capacitor is joined to the substrate.
Further, the solder material of the present invention
is preferably used in joining an electronic member having the
Ni film.-
[Embodiment A]
(Embodiment 1)

Predetermined amounts of Fe, Ni, Ag, In, Pb were mixed



‘33 or cream solder. The electronic part having such a conposition is passed
t hrough .t he heating oven so as to nelt the solder ball 33 and the sol dering
is achieved. The aforementioned solder balls 7, 15, 25, 33 are formed from
tape, wire, pellet or the like produced fromthe solder material of the
present invention. If the cream solder is used instead of the solder ball,
by printing and nelting each predeterrmBned anount of sol der by screen
printing nethod, the sane effect as when the aforenentioned solder ball is
used can be obtained. Al though an exanple of the electronic part in which
the 1C chip @itk &N KOPING PRIT ity SBWY.SH OBy USiYHH | fbted HPEREWARGAWEPOVE,
the solder nmaterial of thé present invention can be used in producing an

el ectroni ¢ paid ddstMic-Bst B8 SWPaiA A iNgotPRAGIhE! a | Sompb e d® sHfm
substrate. Further, the solder material of the présent invention is
preferably ugedpip éoj ni %@mxg&@tww'fom@% A% ipdof 1d. M mm
[ Enbodi mrent A] (Enbodinent 1) Predeterm ned anpbunts of Fe,” Ni, Ag, In,

were mxed jpLhjckness x 10 mm in width was obtained. That tape as row

Pb

material was pressed so as to obtain solder pellet. The
pellet was heated in 0il and then cooled so that a solder ball
having a diameter of 0.76 mm was finished.

The solder ball was supplied to the test apparatus shown
in FIG. 5 and then its heat fatigue resistance and £ilm damage
degree were measured. The measureﬁent method will be
described.

As shown in the Figure, Ni films 42, 42’ having a
thickness of 3,000 A formed by vaporization are formed on
alumina substrate 41 and glass epoxy copper stretched

laminated plate 41’ with a distance therebetween of 2 mm. The
aforementioned solder balls (0.76 mm @) 43 coated with flux

(made by Nippon Alfametal, R5003) were placed at two places
and the Ni films.42, 42' were connected with lead 44.
Next, the test piece was heated in the heating oven in
hydrogen atmosphere and then taken out of the oven so as to
cool. As a result, the substrates 41, 41’ were joined by
soldering at two places through the Ni films 42, 42°’.

[Heat fatique resistance measurement method]



W th Sn having purity of 99.99% by weight, nelted in the vacuum and cast so
as to obtain an ingot having a conposition shown in Table 1. The ingot was
rolled so that a tape of 0.1 mmin thickness x 10 mmin w dth was obt ai ned.
That tape as row material was pressed so as to obtain solder pellet. The
pell et was heated in oil and then cooled so that a solder ball having a

di aneter of 0.76 mmwas finished. The gpl der ball was supplied to the test
apparatus shown in FIG 5 and then its heat fatigue resistance and film
damage degree were neasured. The neasurenment nethod will be described. As

shown in the Figurg, ¢+Bstf bfMotding2thBaytbPefehbibhagStedt Pidlld #h fpr med
by vaporization are fornmed on alumna substrate 41 and gl ass epoxy copper

stretched langinated.plate 41. w.t l.st.a t e The

af or enent i on(?t![;‘l Sl %gr"géal I é ’E‘B‘%A.”%sg]P’f\%“q%%r?’ﬁgma{')g@v‘ﬁﬁ?’hﬁ?‘ﬁ‘iggﬁe by
Ni ppon Al fanetal , R5003) were placed at two places and the NI filnms 42, 42
wer e connect eargiled ety 43 PRWRL, Supplyedb prvedtnehierfedbed4hs aRd heating
oven in hydrogen atnosphere and then taken out of the oven so as to cool.
As a resul t, ammetexh4i/r wexe gonnectegeps PBPWRALBYFEG d2rsdi@atta viees aces

through the NI filnms 42, 42'. [Heat fatigue resistance neasurenent nethod]
a constant current of 1 mA. Then, cycle number up to when

the voltage rises rapidly due to an occurrence of crack was
counted. The measurement result is shown in Table 2.
[Ni film damage degree measurement method]

A constant curren£ of 1 mA was fed to the test piece
shown in FIG. 5 and the voltages V1, V2 between the solder
balls were measured and then A resistance was obtained by R
= (V1 + V2)/I.

Using the same test apparatus as shown in FIG. 5,
deterioration performance was tested by solderiné repeatedly
10 times accordiﬁg to the aforementioned soldering method.
With resistance value R obtained when soldering was cgrried
out once according to the aforementioned soldering method,
as Rl and then resistance value when carried out ten times,
as R10, (R10/R1l) was regarded as the Ni film damage degree.

'An average of five pieces on the test apparatus is shown
in Table 2 as a measurement result of the Ni film damage degree.
(Embodiments 2-20/comparative examples 1-12)

The solder balls were obtained in the same manner as



17 A-test of holding the aforenentioned test piece in a cycle of -45[err] C
for 15 minutes and 120 C for 15 minutes was carried out. A power supply
45, "voltneters 46, 46' and ammeter 47 were connected as shown in FIG 5 so
as to feed a constant current of 1 mA. Then, cycle nunber up to when the
voltage rises rapidly due to an occurrence of crack was counted. The
measurenent result is shown in Table 218 [N fil m damage degree neasurenent
met hod] A constant current of 1 mA was fed to the test piece shown in FIG

5 and the voltages V1, V2 between the solder balls were neasured and then a

resistance Vge %Wb@d@.ﬁﬂzn@’l Bx@é})tthtY@HohpoH%'t&%nté‘ftﬁénfné&@He@EEibéHUS as

shown in FIG 5, deterioration performance was tested by Sol dering

repeatedly 1Pn i@ eSS Pimbitd 1 Qd & rat@aeiBNehpned; sobseié ng, Nt kade Wth

resi stance val ue R obtained when soldering was carri ed out once accordi ng

to the af oreggﬁg 12068 Wi PrddiedBliPthe?Salte Wiy, té}?d‘c]{%?ﬂa%‘y@i‘"ee tegrue

when carri ed t ten tine as R10, (R10/Rl) was™ regar s'the NI film

damage degre&m%&fﬂﬂg@a@é | V€5l FERS Al iRy (RAL. 2Ry @ﬁﬂe’é.&zﬁé gndeun i n

Tabl e 2 as a neasurenent res t o m damage degr ee I ments

2- 20/corrpar albyg1 EXaRPLeshdwnin ThepE! 9erphBhLSgvere obtained in the same

manner



18 the enbodi nent 1 except the conposition of the ingot described in the
enbodi nent- 1 was stated in Table 1, Table 3. A test apparatus was produced
in the sane way, and heat cycle test and N film danage test were carried

out. The neasurenent results are shown in Table 2, Table 4. Table 1

19 COWPCOSI TI ON % by wei ght Fe " N Fe+Ni Ag _ In

Pb Talgke thbodinent 1 0.01 19 0.01 0. 02 3.00 1. 00

54. 00 BALANCE 2 1.00 1.00  2.00 3.00 1.00 54.00

BALANCE 3 2. 00 2. 00 4. 00 3. 00 1.00 _ 54. 00 BALANCE 4
0.01 .99 5.100 3. 00 4. . BALANCE 5 4 99

0.01 5. 0 3. (o 100 :QOﬁRqQQT EwelAﬁﬁ 2-006 4.
00 0jo5 0. Sﬁe 0( NaALAl\iﬁEl-ﬁ'l 2ag00 In2. |00pb 4.06n §. 00
2. 00 [5Z QU bAL\NUt Z. 00 - 00 3. 00U

a4

54,00 |Bmbasdment 1) ©@1 | .0%d 0.47 49 300 | -1.00 |*54400 domasance | oo
BALANCE{ 10 2. 00 o 2.od 1.db [0%.00 3 %.00 | £:00 | s8PY saBA\NCE

2.00 2.00 | 4.00 | 3.00 | 1.00 | 54.00 | BALANCE

0.01 | 4.99 | 5.00 | 3.00 | 1.00 | 54.00 | BALANCE

4.99 0.01 5.00 3.00 1.00 | 54.00 | BALANCE

2.00 2.00 4.00 6.00 2.00 | 54.00 | BALANCE

2.00 | 2.00 | 4.00 [ 3.00 - 54.00 | BALANCE
2.00 | 2.00 | 4.00 - 1.00 | 54.00 | BALANCE
10{ 2.00 | 2.00 | 4.00 | 3.00 | 1.00 | 65.00 | Baramce
11} 2.00 | 2.00 | 4.00 | 3.00 | 1.00 | 70.00 | BAuawcE

3
4
5
6] 2.00 2.00 4.00 0.05 0.05 | 54.00 | BALANCE
7
8
9

12| o0.01 | o.01 | o0.02| 3.00 | 1.00 - BALANCE
13| 1.00 | 1.00 | 2.00 | 3.00 | 1.00 - BALANCE |
14| 2.00 | 2.00 | 4.00 | 3.00 | 1.00 | - BALANCE
15/ 0.01 [~ 4.99 | 5.00 | 3.00 | 1.00 - BALANCE
16/ 4.99 | o0.01 | 5.00 ] 3.00 | 1.00 - BALANCE
17| 2.00 | 2.00 | 4.00 | 0.05 | 0.05 - BALANCE
18| 2.00 | 2.00 | 4.00 | 6.00 | 2.00 - |, savawce
191 2.00 2.00 | - 4.00 3.00 - - 'smummn

20f 2.60 | 2.00 | 4.00 - | 1.00 - BALANCE



11 "2.00 2.00 4.00 3. 00 1.00 7 0. 00 BALANCE 12 0.01

0.01 - 0.02 3. 00 1. 00 | - BALANCE 13 1. 00 1. 00
2. 00  3.00 1. 00 - BALANCE 14 2. 00 2. 00 4. 00
3.00 . 1.00 - BALANCE 15 0.01  4.99 5.00 3. 00
1. 00 - BALANCE 16 4. 99 0.01 5.00 3. 00 1. 00
- FRde217 2. 00 2.00 2000 0. 05 0. 05 -
BALANCE 18 2. 00 2.00 4.00 6.00 2. 00
BALANCE 19 2. 00 2.00 400 _ 3.00 - ' -
BALANCE _2.00 2. 0 T . -1 -
BALANCE|  Tabke 2 Hikte cl;%’leoj’es"'zo e N E&%#é%$E?F deITRE {i1m
damage Hegree (cy nunbe{¢ycle number)(RL0/4R1) Enb@HILO¥RL)1 2500
1.5 2 200 1.5 o 26Q0
1.4 4 | Embodiment 1 2500 1 55 2800 3
1.5 6 2400 o 2700 1.2 7 2900, 3
1.3 8 2266 +—3—9 5566
1.1 3 2800 1.

4 2800 1.5

5 2800 1.5

6 2400 1.2

7 2900 1.3

8 2200 1.3

9 2200 1.1

10 2300 1.2

11 2100 1.3

12 2700 1.5

13 2900 1.4

14 3000 1.3

15 3000 1.5

16 3000 1.5

17 2600 1.2

18 3000 1.1

19| 2400 1.3

20 2400 1.5




‘10 2300 1.2 11 2100
1.3.12 2700 1.5 13 2900
1.4 14 3000 1.3 15 3000
1.5 16 3000 1.5 17 2600
1.2 18 3000 1.1 19 2400
1.3 20 Table 3p4qp 21.5 Table 3 :
21 COVPOSI TI ON % by wei ght Fe Ni Fe+Ni Ag In Pb
Sn. Conparative Exanple 1 - -
54. 00 ANCE 2 - 2.00 2. 00 3.00 . " 54. 00
BALANCE| 3 2.00 2 00 COMPOSITION $%jbypoweightop AL ANCE 4
7.00 2.00 00 3. 0d . . |54. 00 BALANCE 5 4. 00 -
2. 00 200 _ Ferg looNipA\ Retig Ag g Iy o Pbg [np Sm 3]0
54.00 |BAPRAERt3Ve |. - - _ } _
BAL ANCE Examgle 1 - - - - 54.00 BALAKCE
2 - 2.00 2.00 3.00 - 54.00 | BALANCE
3 - 2.00 2.00 - 1.00 | 54.00 | Barance
41" 7.00 2.00 9.00 3.00 - 54.00 | DaLance
5( 2.00 - 2.00 [ 3.00 - 54.00 | BALANCE
6] 2.00 7.00 9.00 3.00 - 54.00 | BALANCE
7 - - - - - - BALANCE
8 - 2.00 2.00 3.00 - - BALANCE
9 - 2.00 2.00 - 1.00 - BALANCE
10f 7.00 2.00 9.00 3.00 - - BALANCE
11| 2.00 - 2.00 3.00 - - BALANCE
12] 2.00 7.00 9.00 3.00 - - BALANCE



3 : 2. 00 2. 00 3. 00 - - BALANCE 9 -

2.00 - 2.00 - 1. 00 - BALANCE 10 7. 00 2. 00 9. 00
3.00 - - BALANCE 11 2. 00 - 2. 00 3.00
- BALANCE 12 2. 00 7. 00 9. 00 3.00 - -
BALANCE Tabl e 4 22 Heat Cycl e Test Nl film
damage d'?-fbwe% ‘Ecycl e nunber) @R10/ R1) Conparative Exanple 1
1300 2.8 2 1500 2.2 3
1500 2.3 4 1600 2.4 5
1400 2.2 6 1600 2.4 7
1500 3. §egt Cycle Tegip Ni film damage degrge
1700 1.8 10 1800 3.5 11
1600 : 1_g(gycle numbexnn (R10/R1) 2 4
Comparative | _
Example 1 1300 2.8

2 1500 2.2

3 1500 2.3

4 1600 2.4

5 1400 2.2

6 1600 2.4

7 1500 - 3.9

8 1700 1.7

9l 1700 1.8

10 1800 3.5

11 1600 1.8

12 1800 3.4



23 As descri bed above, using the solder material of the present invention,
tests in soldering substrates with the Ni filns interposed were carried
out. According to the above nmeasurenent results, excellent effects were
obt ai ned such that the heat fatigue resistance of the solder material was
I nproved and the damage of the NI filmcould be damaged. The heat fatigue
resi stance nentioned in this test nmear®3 a count of cycle nunber up to when
the voltage rises rapidly by feeding of a constant current as descri bed
previously. Wien the voltage rose rapidly, crack was found in the sol der

material . Thus, thgg Cd&é@ri‘lb‘@@eébbﬂ?et Ouﬂ'x?? LHE sAldAndt ISR ¥F ¢heé

mentioned in thIS test, can refer to a cycle nunber up to when the crack

o t
A though or e rae T e R A S ey B o B R
to improve tEflﬁenﬂh985§8§éaraﬁegecsir&aa sobdermpatial 1o hal 48NS

perfor mance soneti nes passage of fi I'TE e reason was found to

be that the x'ﬁ'éa&hl:&gx&ﬁé Qbéam J qd192R0R 2ok Raken@NoBRATRIA SHERACE 1S

produced. Payin ention to tH ectric resistance was

db | d
'(g‘i(r)/egi)e m?’gﬁQf\/—.\ﬁ”ﬁg‘ﬁé He H\ﬁéﬁe USRI 02Ut hEEo1dEF R ULTH WaR"e

improved and the damage df the Ni film could be damaged.

The heat fatigue resistancementioned in this test meains
a éount of cycie number up to when the voltage rises rapidly
by feeding of a constant current as described previously.
When the voltage rose rapidly, crack was found in the solder
matefiél . Thus, the cycle number up to when the voltage rises
rapidly mentioned in this test, can refer to a cycle number
up to when the crack occurs in the solder material when exposed
to heat cycle environment.

Althéugh ordinarily the solder bonding surface is
coated with the Ni film to improve the bonding performance
of the solder material, that bonding performance somet imes
drop with a passage of time. The reason was found to be that
the Ni film was dissolved and damage so that non-bonding
surface is produced. Paying attention to the fact that
electric resistance was increased by formation of the Ni
non-bonding surface, the aforementioned (R10/R1l) which was

the soldering deterioration degree was used as an evaluation



the soldering deterioration degree was used as an eval uation 24
criterian-for the NI filmdanage degree in this test. In the enbodi nents
1-20 in which Fe was 0.01-4.99% by weight, N was 0.01-4.99% by wei ght,
total anmount thereof was 0.02-5.0% by weight, at |east one of Ag and In is
0.1-8.0% by weight, Pb was 0-70% by wei ght and the bal ance contai ned Sn and
unavoi dable inpurity, it was found tha4 the cycle nunber in heat cycle test
was 2, 100-3,000 and the Ni film damage degree was 1.1-1.5. In the

enbodi nents 1-10, 12-20 in which the Pb content was 0-65.0% by wei ght, an

excel l ent ef éﬁi{:ef’iénpﬁf%u%ﬁ@ NiN$i9a dAthalgatidgieecial @nlemieist,n the heat
cycle test was 2, 300-3,000. Therefore, the ™Pb content is preferred to be

0- 65. 0% by wei ght . Ihntﬁaeexﬁsmﬁhaﬁeﬁ 51150 3% WRivA PE e o CoNiggY pias

a further excellent effect was produced, indicating that the cycle nunber

in the heat t 2040 d
material is gé%%ﬁt qﬁ% ﬂgﬁzoe% ?oggrrg(r%% wgggﬁgbe%%mtﬁ?%}lgkpﬁ?§ﬁ%€fgﬂa§ferred

to be 0. If phgaegbed &zé.xgn_ gasﬁ bhe0r Ay 4K CADENS 108 s N
Pb are equal are conparéd, 1t i oun that the
by weight, Pb was 0-70% by weight and the balance contained °
Snandunavoidableiméurity,itwasfoundthatthecyclenumber
in heat cycie test was 2,100-3,000 and the Ni film damage
degree was 1.1-1.5.

II-I the embodiments 1-10, 12-20 in which the Pb content
was 0-65.0% by weight, an excellent effect was produced,
indicating that the cycle number in the heat cycle test was
2,300-3,000. Therefore, the Pb content is preferred to be
0-65.0% by weight.

In the embodiments 12-20 in which the Pb content was
Q; a further excellent effect was produced, indicating that
the cycle number in the heat cycle test was 2,400-3,000.
Considering that the solder material is gentle for the
environment, the Pb content is further preferred to be 0.

If the embodiments 3, 6, 7, 8, 9 in which the contents
of Fe, Ni, Pb are equal are compared, it is found that the
embodiments 3, 6, 7 are excellent in cycle numbe.r in the heat
cycle test. Further, if the embodiments 14, 17, 18, 19, 20

are compared, it is found that the embodiments 14, 17, 18 are



‘enbodi nents 3, 6, 7 are excellent in cycle nunber in the heat cycle test.
Further,. i-f the enbodi nents 14, 17, 18, 19, 20 are conpared, it is found
that the enbodi nents 14, 17, 18 are 25 excellent in cycle nunber in the
heat cycle test. Therefore, it is favorable that both Ag and In are

contai ned, the contents thereof are Ag; 0.05-6.0% by weight and In:
0.05-2.0% by weight. In the conparativesexanples 2, 3, 5, 8, 9, 11 which
contains any one of Fe or Ni in a predeterm ned anount, the cycle nunber in
the heat cycle test was 1,400-1,700 and the Ni film danage degree was

1.7-2.2. Theégé@lPent!ihScy®ladntmiBéraifivtRechest! epbleftest.i s produced if
both Fe and N are contained in each predeterm ned anobunt corresponding to

the object of the ﬂi@ﬁé‘fﬁréPVEﬂtiana‘irdS'réBEeC@HQ@rﬁéi:MeA?XaﬂwP_ﬁ dre?7 in
which the contents of Fe and NI were | ess than the predeterm ned anount and

in the conpasghtyEnEI prENE chntlentd thbteoF WekChg! NEY S LPHY wkight
predeterm ned anount, the cycle nunber in the heaf cycl e testwas

1,300-1, 800 ghdtPeN §ib5UnrBEcHPIwEeYRE . 2. 4-3. 9. Therefore, it is found

that a nore excellent effect is produced if both Fe and Ni are contai ned

corresponding to tH% the comparative examples 2, 3, 5, 8, 9, 11 which
contains any one of Fe or Ni in a predetermined amount, the
cycle number in the heat cycle test was 1,400-1,700 and the
Ni film damage degree was 1.7-2.2.

Therefore, it isl found that a more excellent effect is
produced if both Fe and Ni are contained in each predetermined
amount correspoﬂding to the object of the present invention.

In the comparative examples 1, 7 in which the contents
of Fe and Ni were less than the predetermined amount and in
the comparative example 4, 6, 10, 12 in which they were over
the predetermined amount, the cycle number in the heat cycle
test was 1,300-1,800 and the Ni film damage degreewas 2.4-3.9.

Therefore, it is found that a more excellent effect is
produced if both Fe and Ni are contained corresponding to the
object of the present invention.

[Embodiment B]

Predetermined amounts of Fe, Ni, Ag, In, Pb were mixed

with Sn having purity of 99.99% by weight, melted in the vacuum

and cast so as to obtain an ingot having the same composition



‘obj ect of the present invention. [Enbodinent B] Predeterm ned anounts of
Fe, . Ni, .Ag, In, Pb were mxed with Sn having purity of 99.99% by wei ght,
nelted in the vacuum and cast so as to obtain an ingot having the sane
conposition 26 as the enbodinent 1 shown in Table 1. This ingot was
melted and then sol der powder of 100-300 nmesh was produced by spray nethod.
Liquid flux in which natural rosin was2gli ssolved in high-quality al coho
was mixed and agitated with the sol der powder so as to obtain cream sol der
having a desired viscosity. Then the cream sol der was supplied to the test

apparat us shaynthé émbodfment 1 HhowiRid TABEeCl ARNSE! ﬁlﬁgo’ﬁ/aﬁa§ WieldeRU tO
t he bondi ng surface (bottom surface of the NN filmin FI 5 the N film

42 by screenangi theAGssEdd® howieh ot QdOaBdoffﬁéét?dsasSQrbhabeﬂhBy%ﬁﬂﬁf bal |

43 was forned. “Flux (flux contained in the creamsolder) in the sol dér ball
43 is renoveglelyodasht.Dguidelux BaDdnAghf héﬁéui'&l GoHiaf was aﬂes@wéarim

surface (top surface of 'the NN film42' in 5) of the NN film 42" and
the substrat ﬁléia- galie ? 81cbh81Suasih#kéd Aa]nd ¥Qitated with the solder
t hat t hesol der bal | vvasp acedontheN filmd2'. Aftér that, the NI filns 42,

42" vere conpgghed ¢ bE td6bt83H Aeam solder having a desired viscosity.
Then the cream solder was supplied to the test apparatus shown
in FIG. 5. In this case, the cream solder was supplied to
the bonding surface (bottom surface of the Ni film in FIG.
5) the Ni film 42 by scréen printing method and heated and
melted, so that the solder ball 43 was formed. Flux (flux
contained in the cream solder) in the solder ball 43 is removed
by washing.- Then, bonding flux is coated on the bonding
surface (top surface of the Ni film 42’ in FIG. 5) of the Ni
film 42’ and the substrate 41 was set on the substrate 41’
so that the solder ball 43 was placedon the Ni film42’. After
that, the Ni films 42, 42’ were connected with the lead 44.

Next, the test piece was heated in the heating'dven in
hydrogen atmosphere and then taken out of the oven so as to
cool. As a result, the substrates 41, 41’ were joined by
soldering at two pléces through the Ni films 42, 42'. As for
the test pieces, the heat fatigue resistance and Ni film damage
degree thereof were measured in the same manner as the

embodiment A. As a result, the same measurement effect as



Next, the test piece was heated in the heating oven in hydrogen atnosphere
and, t.hen taken out of the oven so as to cool. As a result, the substrates
41, 41' were joined by soldering at two places through the Ni filns 42,

42' . As for the test pieces, the heat fatigue resistance and Ni fil m damage
degree thereof were neasured in the sane manner as the enbodinment A As a
result, the sanme nmeasurenent effect as27 27 the enbodinent 1 shown in
Tabl e 2 was obtained. Further, test pieces were produced in the sane way as
descri bed above except that the conposition of the ingot was the sane as in

the enbodi meghe 2mbediftent31 bhowhown mablabhewhs dptalinedieat fatigue
resi stance and Ni fil m damge degree were neasured in the sane way. As a

result, the sane npagehertntesti§fécds wekd fi&o@M HeNtfhe’same way 5 14
shown in Table 2 was obt ai ned. erefore, in the case when the solder ball

was fornmed byestedBedohlsive dicdFe thaehenk f@ém%m@fdw of thelidgot haas

enbodi ment A coul d be obtained. As described above, because the” present
| nvent i on aChﬁg\/g?mé 9GP EnBBEEh ORI mERES I 5] '5096,eﬁlfﬁ,nt1'4a§h¥wﬁfiﬁ B 01 to
g

4.99% by wei g Fe; fromO0.01 to 4.99% by wei
1, and the heat fatigue resistance and Ni film damage degree
were measured in the saﬁe way. As a result, the same
measurement effect as in the embodiments 2, 5, 6, 13, 14 shown
in Table 2 was obtained.

Therefore, in the case when the soldei: ball was formed
by cream solder, it was found that the same effect as the
embodiment A could be obtained.

As de.scribed above, because the present invention
achieves a solder material consisting essentially of from
0.01 to 4.99% by weight of Fe; from 0.01 to 4.99% by weight
of Ni, total thereof being from 0.02 to 5.0% by weight; from
0.1 to 8.0% by weight of at least one of Ag and In; from 0
to 70% by weight of Pb, balance containing Sn and unavoidable
impurity, when an electronic part such as the IC chip or the
like is joined to a substrate using the solder material, the
heat fatique resistance of the solder material is improved
and further if the Ni film is intérposed in that joining,
damage of the Ni film.can be reduced.

Further, because the present invention also achieves



-of Nt, total thereof being from0.02 to 5.0% by weight; fromO0.1 to 8.0% by
wei ght aof .at | east. one of Ag and In; fromO to 70% by wei ght of Pb, bal ance
cont ai ning Sn and unavoi dable inmpurity, when an electronic part such as the
IC chip or the like is joined to a substrate using the solder material, the
heat fatigue resistance of the solder material is inproved and further if
the NI filmis interposed in that joinggg, damage of the Ni filmcan be
reduced. Further, because the present invention also achieves 28 a

sol der material consisting essentially of fromO0.01 to 4.99% by wei ght of

5 0% by vei ORC Fam B L1 6 By L PGRET St *AGY Ft SRPB AN 1 08,
wei ght of nb%p&amgﬂttaf@ao bfraﬁlghmo{opbzswxgm%%m YN, %'zst%rid

unavoi dabl e THpuri I S possi ble to provide material very

effective f°£ BELGEChE PG VbR YL 8 0§ 'we°jT crachﬁ bYos t?d%gtogton' ¢

parts I n whi C correspon ence to an occurre I'S I NPOSSI

because the egQQ % ﬁgg?EPShnS §§y£§li?0i J@%d Irj%ﬁ? Orn]of

The sol der erla esent 1 nvenfion ca

tape, wre, 98'9(% by%@i‘cghe of BB lbgfanégdc&?talnlng Sn and unavoidable

impurity, it is possible to provide a solder material very
effective for production and assembly of small-éize, thin
type electronic parts in which correspondence to an
occurrence of crack is .impossible because the freedom of the
mounting style is limited by such small size.

Thesbldernmterialoftheprésentinventioncanbeused
in the form of tape, wire, pellet, cream or the like, and as
material for immersion bath or vaporization, and as a
composite material in which hlgh-meltlng point partlcle is
mixed, so that it can correspond to various demands depending
on its application and use condition.

Further, because the electronié part of the present
invention is so constructed that an electronic component is
joined to a substrate using the aforementioned solder
material, the heat fatigue resistance of the solder joining
portion is improved and if the Ni film is interposed, damage
degree of the Ni £ ilm is reduced. Asa result, even if exposed

to temperature cycle environment (environment for use) in



material for inmrersion bath or vaporization, and as a conposite material in
whi ¢ch- high-nelting point particle is mxed, so that it can correspond to
vari ous denmands depending on its application and use condition. Further,
because the el ectronic part of the present invention is so constructed that
an electronic conponent is joined to a substrate using the aforenentioned
sol der material, the heat fatigue resiggance of the solder joining portion
is inmproved and if the Ni filmis interposed, damage degree of the Ni film
is reduced. As a result, even if exposed to tenperature cycle envi ronnent

(environment wﬁQEhUﬁéAtiﬂg and?8oWling Heéirdpbad, CERE] & preRalaed the

product provided by the present invéntion I's capable 0 nalntalnlng

appropriate i a epgu I reliability.
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reference to appﬁoﬁe‘ﬂ%@%ﬁ%&f\fb% 1oh ﬁ’éflﬂ @ﬁem%ﬁtﬁqlgtaﬁgjt gthhe

present inventfon is not to those preC|se enbodi nent s t"hat
vari ous changgi ggq i fications can be effected therein by one of
ordi nary ski In t rt without departing fromthe scope of the |nvent|on

as defined by t hﬁa@ﬂﬁ&&é@&ﬁb&'sﬁ@cﬁm preferred embodiments of the invention
with reference to the accompanying drawings, it will be appreciated
that the present invention is not limited to those precise embodiments,
and that various changes and modifications can be effected therein
by one of ordinary skill in the art without departing from the scope

of the invention as defined by the appended claims.



30 What is clained is: 1. A sol der material consisti ' i
fromO0.01 to 4.99% by weight of Fe; fromO0.01 to 4. 99%Wllmmllgmﬂlmru\ﬂl|
total thereof being from0.02 to 5.0% by weight; fromO*1 to 8. 0% By wei ght
of at least one of Ag and In; fromO to 70% by wei ght of Pb, bal ance

contai ning Sn and unavoi dable inpurity. 2. A sol der material consisting
essentially of from0.01 to 4.99% by wgpght of Fe; from0.01 to 4.99% by
wei ght of N, total thereof being fromO0.02 to 5.0% by weight; fromO0.05 to
6.0% by weight of Ag; fromO0:05 to 2.0% by weight of In; fromO to 70% by

wei ght of Pbmltlngl i@c‘él%‘?tﬂfe?f iy Sn and unavoidable inpurity. 3. An

el ectronic part whérein an el"&ctronic conponent is joined to a substrate

‘usi ng a sol der matyeri al %?%%%&asﬁ t°|°?1|slﬁ-)é|1\"[ﬁ'fng{ %??FQ‘E‘%aﬁg’f éggﬂ%ﬁy

n
wei ght of Fe; fror:rlfo. of {5 Yy wel ght” 0 ere erng from

0.02 t0 5. 0%fby WeLOBL 5ok B Jedgfi® Se e DYl §ig:0kll b83Shy Ahg1 Gt A0

and In; from0O to y wetg al aice contai ni Ng

unavoi dabl e iJpyg tord) cndPest WLRPFRAD 04ES A o @By LeTHheY From

conponent
0.1 to 8.0% by weight of at least one of Ag' and In; from 0

to 70% by weight of Pb, balance containing Sn and uriavoidable
impurity.

i. A solder material consisting essentially of from
0.01 to 4.99% by weight of Fe; from 0.01 to 4.99% by weight
of Ni, total thereof being frpm 0.02 to .5.0% by weight; from
0.05 to 6.0% by weight of Ag; from 0.05 to 2.0% By weight of
In; from 0 to 70% by weight of Pb, balance containing Sn and
unavoidable impurity. ‘

3. An electronic part wherein an electronic component
is joined to a substrate using a s.older matérial consisting

~ essentially of from 0.01 to 4.99% by weight of Fe; from 0.01

to 4.99% by weight of Ni, total thereof being from 0.02 to
5.0% by weight; from 0.1 to 8.0% by weight of at least one
of Ag and In; from 0 to 70% by weight of Pb, balance containing
Sn and unavoidable impurity.

4. An electronic part wherein an electronic component
is joined to a substrate using a solder material consisting

'. essentially of from 0.01 to 4.99% by weight of Fe; from 0.01



i‘s jo'ned to a substrat'e using a solder nmaterial consis
from0.0L to 4.99% by wei ght of Fe; fromO0.01 31 to E”I'mmlﬂlm”lll “!F
Ni, total thereof being fromO0.02 to 5.0% by weight; from 0c05tt on 6.0%*

wei ght of Ag; from0.05 to 2.0% by wei ght of In; fromO to 70% by wei ght of

Pb, bal ance containing Sn and unavoi dabl e i rrpuri ty. 5. An el ectronic part
according to claim4 wherein the substrgfe is a resin binder substrate.

to 4.99% by weight of Ni, total thereof being from 0.02 to
5.0% by weight; from 0.05 to 6.0% by weight of Ag; from 0.05
to 2.0% by weight of In; from 0 to 70% by weight of Pb, balance
containing _Sn and unavoidable impurity.

5. An electronic part according to claim 4 wherein

the substrate is a resin binder substrate.



