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manuf acturing a sem conductor device, the die is heated after the
Lead-free solder has been much more required recently due to problems

sucﬁ as waste disposal of electronic devices and for protecting the
environment.

On the other hand, Pb-Sn based solder is generally used for soldering
electronic parts. Pb-Sn based solder has good connectability, and thus the
melting point can be selected in a wide range by controlling the ratio. In
such solders, 63 wt % Sn-Pb eutectic solder generally has been used since it
enables soldering of electronic parts at a lower temperature with less thermal
influence on the electronic parts since its melting point is only 183°C.

During a process for installing electronic parts, the soldered port'ion
may be heated once again in an installed electronic part. For example, in a
process for manufacturing a semiconductor device, the die is heated after the
semiconductor element chip is soldered to a lead frame (e.g. a die) for wire-
bonding. In a hybrid IC where electronic parts are installed on both surfaces
of a printed circuit board, one side is provided with electronic parts and
soldered after the other side is treated likewise. The electronic elements
will be heated also by their own heat even after the installation.

In order to avoid the above-mentioned problems, the first soldering
materials are required to have a higher liquidus temperature, so that the
first-bonded parts will not fall out during a second heating. Such a high
temperature soldering material should have a liquidus temperature ranging

from 200 to 3507,
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that metallic or insulator particles are added to a material to be die-bonded
by pressure-adhering in order to control the thickness of the die bond
material.

However, if the conventional lead-free high temperature solder
materials such as Sn-Cu are used for die-bonding or soldering of heating parts
such as a hybrid IC, the high temperature solder is cracked and the
conduction is worsened after the electronic device is used for a long time.
This is caused by thermal fatigue due to the heat cycle. | Heat cycle means
repeated temperature change, for example the inside of an electronic device
being heated by its electronic parts when used, and the temperature
returning to room temperature after that. As previously known, the
conventional lead-free high temperature solder material is inferior in the
thermal fatigue properties. Therefore, lead-containing high temperature
solder has been widely used in order to improve thermal fatigue property.
Some other conventional lead-free high temperature soldering materials are
not good in soldering properties.

In order to solve these and other problems of the prior art, this invention
aims to provide a lead-free high temperature solder material and an
electronic part using the same. The _composition of the solder material is
substantially lead-free, and its liquidus temperature is from 200 to 3507C.
The thermal fatigue property of the solder material is improved and the
reliability of the clectronic parts is raised.  The solder material is

cnvironmentally-friendly.
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I nproved and t he reliability of the electronic parts is raised.
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A second solder material of this invention (;omprises 0.005-3.0 wt % of at
least one of palladium and germanium (Ge), the total amount of which is at
most 5.0 wt %, and the solder material comprises 95.0-99.995 wt % of tin.

The first solder material preferably contains 0.005-2.0 wt % of at least
one element selected from the group consisting of Ag, Ge, P, Zn, Cu, B, Sb, Bi,
and In in place of a portion of Pd and/or Sn.

The second solder material preferably contains 0.005-2.0 wt % of at least
one element selected from the group consisting of Ag, P, Zn, Cu, B, Sb, Bi, and
In in place of a portion of at least one element selected from the group
consisting of Pd, Sn and Ge.

It is also preferable that the first solder material contains 0.001-5.0
wt % of metallic or alloy particles in place of a portion of Pd and/or Sn.

It is also preferable that the second solder material contains 0.001-5.0
wt % of metallic or alloy particles in place of a portion of at least one element
selected from the group consisting of Pd, Sn and Ge.

It is further preferable that the specific gravity of the metallic or alloy
particles is within plus or minus 2 of the specific gravity of Sn (7.28).

It is preferable that the metallic or alloy particles are selected from the
group consisting of oxides, carbides, nitrides, alloys and metals that arc

selected from the group consisting of Cu, Ni and Fe.



3 Anot her object of this invention is to solve the problem of parti al
di stribution of conposition and reduce the graded junction caused by the
difference in specific gravity of the elenments in the solder materi al
conposition, so that problens such as increased heat resistance and
deteriorated reliability can be avoi ded when electric parts and substrates
are die-bonded via solder materials. 4 In order to achi eve such ai ns,

a first solder material of this invention conprises 0.005-3.0 wt % of
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tenperature rang rom 200 to 350[err]C. A second sol der materi al
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material preferably contains 0.005-2.0 wt % of at |east one el enent

sel ected f Mom t he group consisting of Ag, G, P, Zn, Cu, B, Sh, Bi, and In
in place of ajtpglpirktadie Hdhtthd QE1tHRg point of thEhResALionE alloly dair tivbdscisi al

preferably contains 0.005-2.0 wt % of at |east one el ement selected from
t he grouptcleast 409%g of Ag, P, zZn, Cu, B, Sb, Bi, and

It is preferable that the purity of Sn in the material is at least 99.9
wt %.

It is preferable that the material is substantially lead-free, namely, the
amount of lead is reduced to a trace as an inevitable impurity.

A first electronic part of this invention is formed by bonding a substrate
and an electronic-element, by using a solder material that comprises 0.005-3.0
wt % of palladium and 97.0-99.995 wt % of tin. The liquidus temperature of
the solder material is from 200 to 350°C.

A second electronic part of this invention is formed by bonding a
substrate and an electronic element by using a solder material that comprises
0.005-3.0 wt % of palladium and/or germanium, the total amount of which is
at most 5.0 wt %, and the material comprises 95.0-99.995 wt % of tin.

It is preferable that the first electronic part contains 0.005-2.0 wt % of
at least one element selected from the group consisting of Ag, Ge, P, Zn, Cu, B,
Sb, Bi, and In in place of a portion of Pd and/or Sn.

It is preferable that the second electronic part contains 0.005-2.0 wt % of
at least one element selected from the group consisting of Ag, P, Zn, Cu, B, Sb,
Bi, and In in place of a portion of at least one element selected from the group
consisting of Pd, Sn and Ge.

It is also preferable in the first electronic part that the first and second
electronic parts materials contain 0.001-5.0 wt % of metallic or ailoy particles
in place of a portion of Pd and/or Sn.

It is also preferable in the sccond clectronic part that the first and



In in place of a portion of at |east one elenent selected fromthe group

consisting of Pd, Sn and Ge. It is also preferable that the first
sol der material contains 0.001-5.0 w %of netallic or alloy particles in
pl ace of a portion of Pd and/or Sn. It is also preferable that the

second solder material contains 0.001-5.0 wt %of netallic or alloy
particles in place of a portion of at Iseast one el enent sel ected fromthe
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is preferable that the nelting point of the netallic or alloy particles is
the specific gravity (7.28) of Sn.

It is preferable in the second electronic parts that the average particle
diameter of the metallic or alloy particles ranges from 20 to 60 x m.

A third electronic part of this invention is formed by die-bonding the
electronic elements by using solder material comprising palladium of 0.5-2.0
wt % to tin, and the liquidus temperature of the solder material is 320°C or
less.

It is preferable in the third electronic part that the solder material
comprises metallic particles whose specific gravity within plus or minus 2 of
the specific gravity of Sn (7.28), and the electronic part is arranged on the
melt-dropped solder material.

It is preferable in the third electronic part that the solder material is
provided between the electronic element surface and a substrate surface on
which Ni-based films are formed and that the substrate and the electronic
part are bonded to each other by the solder material sandwiched by the Ni-
based films.

It is preferable in the first to third electronic parts of this inveption that
the solder material is substantially lead-free, namely, the lead in the solder
material is reduced to a trace as an inevitable impurity.

The preferable composition of this invention is based on a lead-free
solder material containing a large quantity of tin (at least 95.0 wt %).

Palladium (0.005-3.0 wt %) and some other clements compose the rest of the
material.  The solder material is a high temperature lead-free solder

material whose liquidus temperature ranges from 200 to 3507C s
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material is at least 99.9 w % It is preferable that the nmateri al
is substantially |ead-free, nanely, the anount of lead is reduced to a
trace as an inevitable inpurity. A first electronic part of this

i nvention is formed by bonding a substrate and an el ectronic el enent, by
using a solder material that conprises 0.005-3.0 wt % of pall adi um and

97.0-99.995 wt % of tin. The quui dus tenperature of the sol der materi al
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5 t
S ormear iy iR thgt Bldossa s & oY RGPS o8 &t heht B BRlda by Setaben "

sol der rraem@dmgrmgcmrp%s Cu.08086; Bi Antin%sQlonRa@ldeadi um and/ or
germani um the total amount of which is at nost 5.0 wt % and the

mat eri al conpit se8lsdHR{OAXbIOBhak ti9e efectiomic part is forpnedi by prefidirebhe t hat
the first ele '

ni art contai 005-2 % of at |l east o e
L oment LA Tian Teh (R TRer§ PiRs sl dre AP i) B oigen a2 clestPomic Tyt agd a g

Bi, and | @ub@tr%@ﬁﬁraﬁ;geﬁ élﬂfsftm{laﬁi' 1Edpdar'3§|1/e9rar§f'the solder matebidlS Preferable
that t he second el ectronic part contains 0.005-2.0 wt % of at | east one

el ement sebmpiridsf(. bi8.0 wat Yrafupetxdlisiostdlly pdrtides Bf aBout Oy nBwslze Bi ,
and In in place of a portion of at |east one elenent selected fromthe
group EBAY @tgrﬁg“df‘sﬁ?bsgh“'dﬁﬂy@élual toSn. |t js also preferable in the

N L T

pl ace of ia npdd 6O a®érikTh BEIREVasily.broken or damaged and Ni films are formed
on the surfaces to sandwich the lead-free high temperature solder material in
order to bond the electronic part and the substrate. The material is, for
example, a; CC (computer and communication) complex, GaAs, and ceramics.

A preferable lead-free high temperature solder material of this invention

comprises 0.005-3.0 wt % of palladium, 95.0-99.985 wt % of tin and some other
elements. Its liquidus temperature ranges from 200 to 350°C, and thus, its
thermal fatigue property is good.

The lead-free high temperature solder material comprises 0.005-2.0
wt % of at least one element selected from the group consisting of Ag, Ge, P,
Zn, Cu, B, Sb, Bi, and In. An oxide will deteriorate solder property. In this
invention where Sn is the main component, the problem can be solved if any
component whose average energy for forming oxides is greater that that of Sn
can be added. The additives are preferably environmentally-friendly.
Among them, Ge, Cu, Ag and B are further preferable.

The electronic part of the invention is formed by providing a lead-free
high temperature solder material between the electronic element and the
subhstrate that are arranged substantially in parallel for die-bonding. The
lead-free high temperature solder material comprises 0.005-3.0 wt % of
palladium and 95.0-99.985 wt % of tin and its liquidus temperature r;adges

from 200 Lo 350, The solder material comprises 0.1-5.0 wt % of metallic or



It. is also preferable in the second eleectronic part that the first and
5 second electronic parts materials contain 0.001-5.0 vt % of netallic or
alloy particles in place of a portion of at |east one el enent sel ected
fromthe group consisting of Pd, Sn and Ce. It is further
preferable in the first and second el ectronic parts that the specific
gravity of the netallic or alloy particles is within plus or mnus 2 of

the specific gravity (7.28) of Sn. 7_ It is preferable in the second
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embodiment of this invention.

FIG. 2 is a schematic view to show a specimen and a method for
measuring the same in the Example of this invention.

Some embodiments of this invention are described below.

A lead-free high temperature solder element of the first embodiment has
the following composition.

Sn material for this invention is preferably a highly purified Sn of at
least 99.9 wt %, more preferably, at least 99.99 wt %. As the Sn material
becomes purer, Pb contamination in the inevitable impurities can be
prevented.

In this invention, the term “lead-free” indicates that the amount of
included lead is reduced to be an environmentally-friendly level. It is
preferable that the lead is reduced to a trace as an inevitable impurity.

This invention can improve thermal fatigue property by using a
synergistic effect of coexistence of a predetermined amount of Pd and Sn.

When the Sn amount is at least 95.0 wt % in a Pb-free Sn-Pd alloy solder,
the thermal fatigue property can be further improved compared to a case
where Sn is less than 95.0 wt %. Therefore, it is preferable that at least 95.0
wt % of Sn is contained. When the Sn amount is at least 95.49 wt %, the
thermal fatigue property is further improved. So the preferable Sn amount

is at least 95.49 wt %.
If the Sn amount exceeds 99.985 wt % in a Ph-free Sn-Pd solder, the
required Pd cannot be contained in the alloy.  Therefore, the preferable Sn

amount 1s not more than 99985 wt %. When the Sn amount is 99.94 wt % or



It is preferable in the third electronic part that the solder material is
provi ded between the el ectronic elenent surface and a substrate surface on
which N -based filns are fornmed and that the substrate and the electronic
part are bonded to each other by the solder material sandw ched by the Ni-
based fil ns. It is preferable in the first to third electronic
parts of this invention that the sd der material is substantially

| ead-free, nanely, the lead in the sol der material is reduced to a
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case where Pd is less than 0.005 wt %. Therefore, at least 0.005 wt % of Pd
should be contained. When the Pd amount is at least 0.05 wt %, the thermal
fatigue property is much improved. So, the preferable Pd amount is at least
0.05 wt %.

On the other hand, if more than 3.0 wt % of Pd is contained in a Pb-free
Sn-Pd alloy solder, the thermal fatigue property deteriorates compared to a
case where the Pd amount is 3.0 wt % or less. Therefore, Pd should be
controlled not to exceed 3.0 wt %. When Pd is 2.5 wt % or less, the thermal
fatigue property is further improved. So the preferable Pd amount is 2.5
wt % or less.

As a result, the Pd range is determined to be from 0.005-3.0 wt %. The
preferable amount is 0.05-3.0 wt %, more preferably, 0.05-2.5 wt %.

As long as the predetermined amount of Pd and Sn coexist, the effects of
this invention can be maintained even if any other elements are added. This
is true when at least one of other elements is added in the range of_0.005-2.0
wt %. The element is selected from the group consisting of Ag, Ge, P, Zn, Cu,
B, Sb, Bi, and In. Ag, Ge, Cu and B are particularly preferred to obtain
environmentally-friendly solder materials.

The liquidus temperature of the lead-free high temperature solder
material of this invention is required to he from 200 to 3507C. When the
liquidus temperature is less than 20070, the temperature for the sccond

heating should be less than 2007, and thus, the temperature condition for



conprises 0.1-5.0 wt % of netallic or alloy particles of about 40 [err] m
whose specific gravity is substantially equal to Sn. It is also
preferable that at |east one of the electronic part and substrate is nade
of materials being easily broken or danaged, and Ni filnms are formed on
the surfaces to sandw ch the | ead-free high tenperature solder material in
order to bond the electronic part andgthe substrate. The material is, for
exanple, a CC (conputer and commruni cation) conplex, GaAs, and ceram cs.
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made by either extruding an ingot or eject-quenching the melted material into
water, and then by drawing the wire.

The lead-free high temperature solder material of this invention is
heated again after the first soldering. And it is effectively used for the first
soldering material when it is subjected to heat cycles between high and low
temperatures. The examples are die-bonding and hybrid IC installment.
The examples are explained below.

FIG. 1 is a side view of a soldering device before resin sealing. An Ni
plating 2 is provided on the surface of a die 1 of a lead frame as a substrate.
An Al electrode 6 is formed on the upper surface of an IC chip 5 that is an
electronic element and also a semiconductor element, and an Ni plating 4
(metallizing layer) is formed on the lower surface of the same chip 5. A gold
wire 7 is wire-bonded to the Al electrode 6 on the upper surface. The wire 7
electrically bonds the semiconductor element to the lead. The other end of
the wire 7 is bonded to the upper surface of the inner lead 9 that is provided
with an Ni plating 8. The substrate and the semicondutor IC chip 5
(clectronic element) are die-bonded substantially in parallel through the

lcad-free high temperature solder material 3 hetween the Ni plating 4 on the
lower surface of the 1C chip 5 and the Niplating 2 on the die 1.

For manufacturing the solder device, the 1 chip 5 is mounted on the



pal adium and 95.0-99.985 W% of tin and its |liquidus tenperature ranges

from 200 to 350[err]C. The solder material conprises 0. 1-5.0 wt. % of
nmetallic or 7 all oy

particles of about 40[err]mwhose specific gravity is substantially equal

to the Sn. The electronic part has a good thermal fatigue property, and a
graded junction can be prevented since the electronic elenent is installed
in parallel to the substrate without bl der nonuniformty. FIG 1is

a cross sgehd.odlea¥d 81V dRORW0 £ QALY e R forbfba! i, Ll Rty gbodi ment
of this invention. FI G Is a schematic view to show a speci nen and

a net hod fetangelswhapg. t ITheSddWce bs sdlde EXBBPlacfindt Hduthy pyRMhE ORrough
Sonme enbodi ments of this invention are described bel ow A lead-free
hi gh tenpehydareesatgasperenfnnaes. thiter that theiieyicesistheassed agnim diothowni ng

pur 1 ed epprature il oGl Bopofrohlhe bIERL bFh Bidf IR b 260l 0 ),
As the Snwipd @l dondeB26ANRAIBIESITod £l KPREAITRAAIP@BsirR. t he i nevitable
i mpurities can be prevent ed. In this invention, the term
"l ead-free" iddixhybeidtKitan b€ chip@net siiown) is mounted on one surface of a
printed circuit board to carry out a first soldering by using the lead-free high
temperature soldering material of this invention. A second soldering is
carried out by using another solder material with lower liquidus temperature
in order to mount an electronic part on the other side of the printed circuit
board. As a result, a small electronic apparatus will be provided.
In the following example, a silicon semiconductor element is used for the
electronic element.
After adding 1 wt % of Pd to Sn, the mixture was melt-agitated at 320°C
and rolled so that a lead-free high temperature solder material was prepared
as a sheet 4mm wide and 100 # m thick. Then, the sheet was installed on a
TO-220 package lead frame that is Ni-plated, and a semiconductor element
(silicon chip) was arranged to be die-bonded at 270°C. An Ni film was
previously adhered on the backside of the silicon chip that was 2.3mm square.
The Pd amount was varied to obtain the best range for a silicon
semiconductor chip. As a result, the semiconductor device can be prevented
from cracking when at least 0.5 wt % of Pd was contained. The Pd. was
determined to be 2.0 wt % or less to control the die bond temperature at 320°C
or less, so that the die bond device has durability and oxidation of the die
bond material will be prevented.
The thickness of the solder is controlled as follows.
Respectively 1 wt % of Pd and Ge plus (0.3 wt % of Ni (specific gravity:
8.8) were added to Sn (specific gravity: 7.28), and the mixture was melt.-

agitated at 3007 The mixture was taken out from the bottom of the melting



i ncluded |l ead is reduced to be an environnmentally-friendly level. It is
preferable that the lead is reduced to a trace as an inevitable inpurity.
This invention can inprove thermal fatigue property by using a
synergistic effect of coexistence of a predeterm ned anount of Pd and Sn.
When the Sn anmobunt is at least 95.0 Wt %in a Pb-free Sn-Pd al |l oy sol der,

the thermal fatigue property can be fyrther inproved conpared to a case
where Sn is less than 95.0 wt % Therefore, it is preferable that at |east

95.0  Won¥aoferSivopshE@Rd @i d¥od pe Man Hehgo Bib fBURbuhGingta b@ARLNARAI W %

t he thermal fatigue property is further inproved. So the preferable Sn
anount  d¢ygcgpf TErEROPRckaggldead frame, and a|siliedreciom wAp@me-berdekds 99. 985
w % in_.a Ph- frg Sn-

ed. Pd nnot be.contained in
the i | opfereBi  RSeicbndudO Bhicel whs obudiRd s 818 MR, 8 T han
99. 985 WieMindRA 1LAE pBhcARPNt AS a9, Wpro¥ult without graded junction
8 less, Pd, nanely, a useful coexisting elenent can be contained in an
anount ofnas()u(osid/atd %thxsrd)‘pppm%m&thedzlhtlgd|ptDSt1hberma.l fatigue property is

further |np&ﬂ gd Ther ef or e, %gég{ bletig a unt 15 99.94 wt % or
| ess. edgnelting Bﬂmttpr?é“ﬁ rigadiiseobiah Gmrgtyge o
nmor e solder material of this invention in order to keep the solder horizontal when
the semiconductor device is die-bonded. The melting point of the particles is
preferably 400°C or higher, the amount is preferably 0.001-5.0 wt % (more
preferably, 0.001-0.6 wt %), and the particle diameter is preferably 5-100 g m.
Oxides, carbides and metal particles such as Cu and Ni are preferred for the
high melting point particles.

When a semiconductor element (electronic element) and a substrate are
bonded, the soider thickness between them should be controlled in the range
from 30 to 60 x m. For this purpose, the particle diameter should be 40 u m
*+ 20 m, and the difference of the specific gravity to that of Sn is preferably 2
at most. When the difference is bigger than 2, the particle will float or sink
in the solder, which causes adhesiveness deterioration, and decreases
reliability. Ni, Cu (specific gravity: 8.9) and Fe (specific gravity: 7.9) are
specifically preferred, since the difference of specific gravity is within 2 and
they are heavier than Sn. No oxides or carbides provide particles of such
specific gravity. _

It is preferable that the average particle diameter is 40 um*20u m. If
the number of particles with a diameter of approximately 10 1 m increases,
the chip will be broken or cracked. Too thick particles will increase heat
resistance. This is specifically true when brittle and fragile materials such
as silicon, GaAs and ceramics are used for the electronic element and/or

substrate.  The solder is also required to maintain a predetermined range of

thickness.



preferably, 95.0-99.94 wt % The nost preferable range is 95.49-99.94 wt %
When the Pd anmount in a Pb-free Sn-Pd alloy solder is at least 0.005 w 9%
the thermal fatigue property can be extrenely inproved conpared to a case
where Pd is less than 0.005 wt % Therefore, at least 0.005 v % of Pd

shoul d be contained. Wien the Pd anbunt is at least 0.05 wt % the thernal
fatigue property is much inproved. So, Yhe preferable Pd amount is at |east

0.05 wt % On the other hand, if nore than 3.0 wt % of Pd is
contai ned in aﬂ%bpwt@& SR 2L h oY asel d@rumh%,& merm' tﬁea%lfglllgr&}w gperty
deteriorates conpared to a case where the Pd anount or |ess.

Ther ef or e sp&dfishppravitybef tteometol pedidied té ohexeesd is pGeiMra%y Yhemdd, is 2.5

w %or less, the thermal fatigue properté/ is further inproved. So the
pr ef er abl Sisg fpiTie c‘i’%d‘ictS‘“tW“%}b"ratl’@é’éa ion charagerigticedgithe the Pd range

i s determgpg Owm % The preferable amunt is
0.05-3.0 Wt q/c‘;'ﬁdo‘%?{)%ggé‘?’gg? dgo 05-2.5 wt % As long as the

pr edet er m ned Iaxrmustmoénﬂdnaﬂdtﬁﬁ aiefkiagile thheteredlisanich £ silicbh] GalhByventi on
can be maintai ned even if agy other elenents are added. This IS true when
at | east &me esragiipeare|usadfes the elatticahic element andéordthesubesrate Thwt %

The el ement sel ect.e ro .on ti n of A

8 s B PugfgpeR mreyated Wik Nith el iRabindtifins, R po il andafshw
envir Onrrerﬁm.cl y-Thé eiellidg TahflesrBEST R sindwiching tHO fedd.-fdb ddgh t enperature
of the lead-free high tenperature sol der

temperature solder material of this invention to adhere the electronic element
and substrate, which increases adhesiveness and exceedingly improves the
thermal fatigue property and the heat radiation property. A better effect can
be obtained when the particle diameter is 40 # m+20 ¢ m and the difference of
specific gravity to that of Sn is preferably 2 at most depending on the alloy of
the Ni films and the metal particles, or the bonding performance. As a result,
heat resistance will be improved.

For the copper materials, Ni-plated lead frames and semiconductor
elements Cr/Cr+Ni/Ag (0.3 £ m) and others can be used.

In a case of die-bonding materials for power semiconductor devices, heat
generated inside the element should be radiated outward as well as
conducting electricity. In such a case, the difference in thermal conductivity
and thermal distortion occurring between various parts will be relaxed.

In this invention, the solder material can comprise 0.005-3.0 wt % of
palladium, and the rest is composed of tin and the inevitable impurities.

In the following Examples, the total amount of the solder composition is
not always 100% (Tables 1 and 2), since a trace of inevitable impurities are
contained. The amount of the inevitable impurities are calculated by
subtracting the total wt % of the solder materials from 100%.

Kxample 1

FIG. 2 0s o schematic view to show specimens and o methaod for



material of this invention is required to be from 200 to 350[err]C. \Wen

t he | i qui dus tenperature is less than 200[err]C, the tenperature for the
second heati ng should be | ess than 200[err]C., and thus, the tenperature
condition for 9 the second

heating will be limted. So the liquidus tenperature should be at |east
200[err]C. The liquidus tenperature should be kept to 350[err]C or less to
prevent influences on the electronic pafds such as heat distortion.

The Iead-,f,ggeﬁ,tl?h?m,g%gp@cr ature solder material of this invention can be
processed to be tapes or wires, or it can be used for inmersion baths and
vapor deposi t A e ddteirsn iFad @imh @i n CEMP Ha ndsed négte@id1OWPOO9IMRE @ bakithy m Xi ng
particles having high nelting point. The material is processed to be tapes
of prede¥®iniked apfanelted Weee@pvh@ i nTlmwtqtngetnownmSmpngi be1d 00 tretn%

slitter- For .iPi.QV, a redet ed mensi on,
raw wire llfégg‘%%gg lm%u o1 aé.ftcrouc‘f?% aﬁhf rﬁ'b’&‘tt bt V& 8’Egeauté)n%ﬁiaffb aPhe’

mel t ed meinot dlavimg Ohe %ﬁx@bsxt@&dsﬁmﬂ iRyrdnaw. nartd gtk Weas rolled to U8

| ead-free high tenperature solder material of this invention is heated
agai n af t é@apet h@. immsthigk laadr 1 h§m mrvd det Téleetfafpeons/&hyhgsedesfsed tbhe first

sol dering l%aatigral g‘o'ld@@%@lleg Ol.lsm prlxgﬁ gi {%mhrrexaitn e?gr between high and | ow
A specimen 10 was prepared by soldering two materials of different
coefficients of thermal expansion, using the above solder pellet A, in order to

carry out a thermal fatigue test A.

The materials for the specimen A were Cu (coefficient of thermal

expansion: 17.5X 10°%/°C) and 42 alloy (4.4 X 10%/°C). The 42 alloy means 42

wt % of Ni-Fe. The solder pellet was sandwiched between a copper bar with

an Ni plating (9 2 m thick) and a 42 alloy bar. The copper bar was 1.8mm in

diameter and 20mm long. Then the bars were soldered in an argon gas flow

at 350°C. More specifically, the copper bar 11 with Ni plating 12 and the 42
alloy bar 13 with Ni plating 14 were bonded via the solder material 15. In
this process, inorganic acid water soluble flux (IA200L made by JAPAN
ALPHA METALS) was used.

In the thermal fatigue test A, a gaseous phase heat shock test device (ES
50L by Hitachi Ltd.) was used. The test was conducted by repeating the
following cycle until a predetermined thermal fatigue was obtained.'

One cycle = (—55C X 15 min.)+ (Room temperature X5 min.)
+ (150°C X 15 min.)+ (Room temperature X5 min.)

The thermal fatigue was measured by checking cracks on the solder in
the method shown in FIG. 2 after a predetermined number of cycles of the
thermal fatigue test. A predetermined range of voltage by a power source 16
wius applicd to the both ¢nds of the specimen, so that the voltage at the both

ends was measurced at a regular current. When Lthe voltage at the both ends



tenperatures. The exanples are die-bonding and hybrid ICinstallnment. The

exanpl es are expl ai ned bel ow. FIG 1 is a side view of a soldering
device before resin sealing. An N plating 2 is provided on the surface
of adie 1l of alead frame as a substrate. An Al electrode 6 is forned on

t he upper surface of an IC chip 5 that is an el ectronic el enent and al so
a sem conductor element, and an Ni platfng 4 (netallizing layer) is fornmed
on the | ower surface of the sane chip 5. A gold wire 7 is wire-bonded to
the Al el.ectr b4 21 SUrf . i.r . rically bonds

t he sem (:lggllcft?g?gr&g?gr?e/hntgy#ggtq leﬁ%&e‘éaggg'lﬁltﬂ%—pg?wer&e%ac 8?43 %g%thé)‘\?\}’?e 71s
bonded t dleffé® wppdecidedli g edudeldehy oReks| edthendhber bScpdieyiugad thewi th an
Ni plating 8 The substrate and the sem condutor IC chip 5 (electronic

el emrent) ‘&féctdi’ﬁsp@m’fdéﬂs salsulatiedi byt pytrapolsdiadl plethea megayred heluel edthef r ee

hi gh tenperat.ure,sol der,rng erjal 3 between the N plating 4 on the | ower
surface drstifetsgBowminTabled-the N plating 2 on the die 1 For
manuf act ugd 0d nidiee 9@ ¢g Lit 6 Exa - chip 5 is nmounted on the

10 upper surface of the di gh a solder pellet formed in a circular
or rectangul Anotheaptheritd fdtiguedesis Asohsleordiudiyd byf preprhenspdeympassi ng

t hr ough hydr ogen at.popsphere furnace. After .that, the, device is heated
agai ngat rﬁgya soptfer pel{reot iFl)l ﬁ'\e same way as Example 1 except that the ?ngot

composition was varied as shown in Table 1. The result is shown in Tables 1

and 2.



tenperature from 150 to 250[err]C fromthe bottomof the die 1 so that the
gold wire 7 is bonded to the Al electrode 6 by heat and pressure. I n
a hybrid IC, an IC chip (not shown) is nmounted on one surface of a printed
circuit board to carry out a first soldering by using the | ead-free high
tenperature soldering material of this invention. A second soldering is
carried out by using another solder materied wth |ower |iquidus
tenperature in order to nmount an electronic part on the other side of the
printed circuit board. As a result, a small electronic apparatus will be

provi ded. 1n-the follow.ng -exanple,. .a silicon sem ductor_el enent
is used for th el eqgtroni c el enent. Afteriadding 1|wt % of Rd to
Sn, the mxture_as nelt-agitated at 32Q[err]C @nd rolled so that |a
| ead-free hi gh|Befperlature sol der materijal was prppared as a sheet| 4nm
wi de and 100 [ é¢wtB -Brjt hick. Then, the sheet was ipstalled gn a  TO-{220
package |ead f THas I&QI-IL&I;%O,O and a seqishoduct or Ahegrity
(silicon chip) D-grl‘%&gezdwttﬁ e @ & RHBISaE SV [ @ B2 |A8SNE FiF|m was
previ ously adhg 8n the backside of the silicon|chip thatl was 2. 3nm
squar e. §j§d anount was varied |to obtain|the best {range for| a
silicon sem ¢énfuctior chip. As a resuljt, the sefn conductgr device can be
pr event ed frgmjcracki ng whenjat least [0.5 wt % ¢f Pd was |contai ned} The
Pd was deternined tio be 2.0 Wt %or lgss to control the die bond
tenperature at {320[ery]C or lless, so tjhat the diie bond degvi ce has
durability andjoxidatjon of the die bond material will bg prevented.
The thickness gf the solder isjcontrolled as foll gws.
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Respectively 1 wt

mel ting

by wiring Al wre,
product w thout graded junction

cal l ed potting. High el ting p
| ead-free high tenperatjurie splder mat
keep the sol der horizonta when the ssg
The nmelting point of the:particles is
amount is preferably 0.|@|z% 0 wt % (no
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%of Pd and Ge plus 0.3 wt % of N (specific gravity
8.8) were added to Sn (specific gravity: 7.28), and the m xture was nelt
agigated at 300[err]C. The m xture was taken out fromthe bottom of the

cont ai ner drop by drop, dropped on the portion for
nmounting a sem conduct or

resin-

device of TO 220 package | ead frame, and a
silicon chip was die-bonded

t hereon. A sem conductor device was obt ai ned

sealing and | ead processing. As a result, a
was pro¥®ded in this dropping met hod

nt particles are added to the

rial of this invention in order to
m conduct or device i s di e-bonded.
preferably 400[err]C or higher, the
re preferably, 0.001-0.6 wt %, and
00 [err] m xides, carbides and
referred for the high nelting point
el enent (el ectronic elenent) and a
kness between them shoul d be




from30 to 60 [err]m For this purpose, the particle dianmeter should be 40
[err] m 20 [err] m and the difference of the specific gravity to that
of Sn is preferably 2 at nost. Wien the difference is bigger than 2, the
particle will float or sink in the sol der, which causes adhesi veness
deterioration, and decreases reliability. Ni, Cu (specific gravity: 8.9)
and Fe (specific gravity: 7.9) are spktifically preferred, since the

di fference of specific gravity is within 2 and t hey are heavier than Sn.

No oxides or gaihicdes. piau @Qamgﬁé 1GhoPaills UL » SREGLTLG BA LY.

It is preferable that the average parti aneter Is 3drbrr] m 20

[err]m  édsentidliabstaber fofthigaid el tesn)W W dedilganbam of Tappsoxigakel y 10
[err] mincreases,  the chu9 wi || be broken or cracked. Too thick
parti cl estif Fharartpegtic aidhe CompargtiymBaamptnilsisiiafeppercns tearysiet r ue when

brittl ' hal h L : d. '
dsed for AR e o 85b% ThB"Shparaliedbxaplh 2 FeheMipifits O G 0°
required Pdo(eRBédHiRkNthd PHeEOQIRE %ﬂ?‘% wh@B9® Hferior ekt €fde number

12 The particle dianmeter shou be 40[err]m 20 [err] " m and the
di ff er encevagfonlypill.fic gravity of the metal particles to that of Snis

Erh:]; :E?glr iyst2i ih({ntggﬁ{ H'ée %&Cp%rgti%gté)éa%ngl%rs]%uggd XICEJIthirr]lg a%%?"gpxriggel SIE\L)?xplt
of Pd, they contain other substances in relatively large amounts and their Sn
amount was less than 95.0 wt %. Their cycle numbers were also as bad as
290. The comparative Example 5 contains a predetermined amount of Sn but
no Pd, while it contains Cu. Its cycle number was as bad as 260.

On the other hand, the Examples 1-5 showed excellent result in the
thermal fatigue test since the cycle number to defect was 550-1010. The
Example 1-5 comprise 0.005-3.0 wt % of Pd and 95.0-99.985 wt % of Sn.
Among them, the cycle number was further improved as 660-1010 when the
Pd was 0.05-3.0 wt % and Sn was 95.0-99.94 wt %. Furthermore, the cycle
number was improved to 810-1010 when Pd was 0.05-2.5 wt % and Sn was
95.49-99.94 wt %.

The Examples 6-25 comprise at least one element of 0.005-2.0 wt %
selected from the group consisting of Ag, Ge, P, Zn, Cu, B, Sb, Bi and In, other
than Pd (0.005-3.0 wt %) and Sn (95.0-99.985 wt %). In the thermal fatigue
test, the cycle numbers of these Examples were 540-1020, so Examples 6-25
also showed excellent effects. When the Pd amount was 0.05-3.0 wt % and
Sn was 95.0-99.94 wt %, the result was better as the cycle was 710-1020.

When Pd was 0.05-2.5 wt % and Sn was 95.49-99.94 wt %, the excellent effect
was obtained as the cycle was 800-1010.

kKxamples 31-33, Comparative ISxamples 10-11
In the following Kxamples, silicon semiconductor elements (power

Lransistor 3dmm squarc) were mounted on typical T0-220 packages uscd (or



sem conductor are inproved. In this invention, brittle and fragile
materials such as silicon, GaAs, and ceram cs are used for the electronic
el enent and/or the substrate. The surfaces are plated with N -based
plating filns such as N filnms and N\ alloy filns. The plating filns are
used for sandwi ching the | ead-free high tenperature solder material of
this invention to adhere the electroni& el ement and substrate, which

i ncreases adhesi veness and exceedi ngly ?nproves the thermal fatigue

property gkt fignfteat ub R Alvid B ApBId the dgeftltglhlflﬁ i embeLARre REIQM ai ned
when the particle diameter is 40 [err] nferr]20[err] mand the difference

of specimhptergalagf thistiovemaon @ dSrpnive npicehésalley 2atzriateodor deppadisag. on t he
alloy of the Ni fil and { he t al | es, or the bondjng perfornance.
As a resuit® °“‘Wé“é?“|” ’%ﬁ‘ﬁﬂ& 1%”1?1@ ‘Bép/‘i H{)Fg\}&?“ was 95:5 4n ﬂ"ﬁ‘é"‘t"&ﬁb’é’r

mat er i al SpyNupbd 34 thd 629 bt S AR AR SONBUCHRExarfb BB (ifie G N / A9
(0.3 [err] m "and others can be uséd in"a case of die-bondir ng

mat er i al sShao Growas sﬁeﬂmcmnduE&ampde\mcels;q wheabf Sngeret akedsinsi.oe anlae
el ement shoul d be radi ated outward as wel |l as conducting electricity. In

such a cale®xemeleists she Nt of Shee Fd tocBnairs 9 %ildy1-5-and t her mal

di stortion oc Al oy e nthls
i nvention, thg{ﬁsﬁ %&%%’iﬁﬁ&gﬁﬁ%%en 8&%{'%2% %‘beg&:?%b\?é&ﬂ/cof In tlp‘a‘iItFadl um
and the rgsthé %ombrmﬁa%hﬂfs Wére @ipgelna pidioVint RphiA pHIVEsIdfi-66C and In

the foll ow n%o npl es, the total anobunt of the sol der conposition is
not al wayd5280%ex 3@@\%}“?8 apsprtivedy hyduans.r afbe desti Bdyiat hdrnteshogtest i es

are  coptal neth TS, BIRUTh:Oledn PLYLLRE) EnLIPHLHA Sl S R @t e Y

solder caused by distortion between the parts. Test C is conducted to check
the thermal fatigue of the die bond materials between the semiconductor
element at the heating part and the lead frame of the radiation part. The
transistor is electrically controlled (on: 1 minute, and off :2 minutes) to raise
the transistor temperature by 90C (from 256C to 115C) in order to apply
power to the semiconductor device for self-heating. When the thermal
resistance of the power transistor rose to 1.3 times of the initial value, the
value was considered defective. Thirty specimens were prepared for each
Example in test B, and 10 specimens for test C to check the defective number

after a predetermined cycles. The result is shown in Table 3.



subtracting the total vt % of the solder materials from 100% Example 1
FIG. 2 is a schematic viewto show specinmens and a nethod for

13 nmeasuring the sane. A predeterm ned anount of Pd and Sn materials
of 99.99 wt % purity were mxed and nelted under vacuum The total anpunt
should be 100 wt % if inevitable inpurities are counted. The m xture was
forged to obtain an 1ingot having the dé®hposition shown in Table 1. The
ingot was rolled to be a tape O0.1lmmthick and 10.0mm wi de. The tape was

further pressed to obtagrma otder—pettet—0—1fmmtHh ck and 1.8mmin
di aneter. A speci pren 10 wag pregpared by soldefing two materials of
different coefficients]of er ndl exXpansiion, using|the above sol der pell et
. (o] S, o .
A in order to carry ot a§he|:ralkat$que %est A The material s
for the specimen A were| Cu=(Coeft|i cignt “off tfief mdl | expansion: 17.5 X
10[err]/[err]C) and 42 alI®E|(4. 4 XA0[grn]/Lefr]O)| The 42 alloy means 42
wt % of N -Fe. The sol deg p&| ekjwasisaldw clled Betyeen a copper bar with
. . ar . w [3¢] 3]
an N plating (9 [err] petdigk) and g 43 al | oy} bar. | The copper bar was
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di ameter and 20mm | ong. Then the bars were soldered in an argon gas fl ow
at 350[err]C. Mre specifically, the copper bar 11 with Ni plating 12 and
the 42 alloy bar 13 with Ni plating 14 were bonded via the solder nateri al
15. In this process, inorganic acid water soluble flux (1A200L nade by
JAPAN ALPHA METALS) was used. In the thermal fatigue test A a
gaseous phase heat shock test device (&5 50L by Hitachi Ltd.) was used.
The test was conducted by repeating the following cycle until a

predet er m ned;t fenBR} i ABE WahPRhAIMEGnpics 31- ’33 were QMR cEYEiR Koth
(-55[err]C X 15 mn.) + (Roomtenperature )g)S m n. +
(150[ err] @sxs Boamd 1§ 9ompéR0bm tlmrpenatamewx starmnle)s 10 and 11. TRdet her mal
fatigue V\%‘% nmeasured b ing cr on t he sold t he net hod
Showin i n SATESTSDos as: PF A AW e Had bl b &he GFV"cﬂ‘r’c‘ﬁ\é%m&f‘ fatigue tegtpldy mal

fatigue tegL. E)ébnpéﬁ a’l‘%“t‘.tgehrr ﬁ{LQ\eth%fE%’Jntp@zQ@lené‘t Q¥ AU 58S b

applied to the speci nen, that the voltage at t ebth
ends was teabesteeksalt anfoe@Lﬂlﬁrm. CDhé ambve‘Mam ﬂebeltmlhbagﬁxaatthteheamwb ends
14 i ncreased over 10% the initial value (the value before the test A,
the def ebightemperdtyag spi/fiqrememrseb qfythis drywentiombap impeevest thermads up to

the fatigue properties compared to the conventional Pb-based solder materials.

The best result was obtained when the total amount of Pd-Ge was 5 wt % or
less in a mixture of Sn-Pd-Ge, and Pd and/or Ge was contained in the range of
from 0.05 to 3.0 wt %.

Mostly, in the present invention it is preferable that more Pd is used

than Ge, since Pd is more effective for a solder material.



defective point was cal cul ated by extrapol ati on of the nmeasured val ue. the
result is shown in Table. 1. Exanples 2-25, Conparative Exanples 1-5

Anot her thermal fatigue test A was conducted by preparing specinens froma
sol der pellet in the sane way as Exanple 1 except that the ingot

;g(rjrpgsmlonmﬂ"mﬂ“ﬂﬂum" ﬂ“own I[gr-rr?bl e 1. The result is shown in Tables 1

21
WHAT IS CLAIMED IS:

1. A solder material comprising 0.005-3.0 wt % of palladium (Pd) and 97.0-

99.995 wt % of tin (Sn), and whose liquidus temperature ranges from 200 to
350C.

2. Asolder material comprising 0.005-3.0 wt % of at least one selected from

palladium and germanium and the total amount of the palladium and

germanium is 5.0 wt % at most, the solder material comprising 95.0-99.995

wt % of tin.

3. The solder material according to claim 1, comprising 0.005-2.0 wt % of at

least one element selected from the group consisting of Ag, Ge, P, Zn, Cu, B

Sb, Bi and In in place of a portion of at least one element selected from the

group consisting of Pd and Sn.

4. The solder material according to claim 2, comprising at least 0.005-2.0

wt % of one element selected from the group consisting of Ag, P, Zn, Cu, B, Sb

Bi and In in place of a portion of at least one element selected from the group

consisting of Pd, Sn and Ge.

5. The solder material according to claim 1, further comprising 0.001-5.0

wt % of metallic or alloy particles in place of a portion of at least one element

selected from the group consisting of Pd and Sn.

6. The solder material according to claim 2, further comprising 0.001-5.0
wt % of metallic or alloy particles in place of a portion of at least one ¢lement
sclected from the group consisting of Pd, Sn and Ge.

his Sheet Has Been Replaced
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16 [err] 17 The
conparative Exanple | in Tables 1 and 2 contains no Pd (the essential
subst ance f As clearly shown in Tables 1 and 2, the
characteri sﬁ“um mmﬁmmﬂ at ive Exanple 1 is inferior as the cycle
number was ohl yf 230. *Th& conparative Bample 2 that contains 10 wt % of
Pd (exceeding the preferable range) was also inferior since its cycle
nunber was only 310. Though the Conparative Exanples 3 and 4
contai ns dppr apei sl éc@ampudtial @tcdrdingd BEYaRNG 8F 1. QURSE SURSE ARGESs ild\,
relatively large amunts and their Sn anount was |less than 95.0 wt %
Thei r cycPeSheGHbEREaYIEY éhat sowadipaduaor m2g0s Z‘hétmﬁpmn&tclg\rev&x&mre 5
contains a predeterm ned amount of Sn but no Pd, while it contains Cu. Its

cycl e nunber was as bad as 260. On the ot her hand, the Exanples 1-5
showed ex®el | aMe s286H det@rltam%cccslja@ﬁm ik BUR 7 SSherRi REhe %Q?txg%glaerenunber
to defect was 550-1010.

selected from the group consisting of oxides, carbides, nitrides, alloys and

metals selected from the group consisting of Cu, Ni and Fe.

9. The solder material according to claim 6 or 7, wherein the average

particle diameter ranges from 5 to 100 & m.

10. The solder material according to claim 9, wherein the average particle

diameter fanges from 20 to 60« m.

11. The solder material according to claim 6 or 7, wherein the melting point

of the particles is at least 400C.

12. The solder material according to claim 1 or 2, wherein the purity of the

Sn material is at least 99.9 wt %.

13. The solder material according to any one of claims 1, 2, 3 and 4, wherein

the amount of lead present no more than a trace as an inevitable impurity.

14. An electronic part formed by bonding a substrate and an electronic
element via a solder material comprising 0.005-3.0 wt % of palladium and

97.0-99.995 wt % of tin and the liquidus temperature of the solder material
ranges from 200-350C.

5. An c¢lectronic part formed by honding a substrate and an clectronic

clement via a solder material comprising 0.005-3.0 wt. % of at least one of

Has Been Replaced
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Exanple 1-5 conprise 0.005-3.0 wt % of Pd and 95.0-99.985 w % of Sn.

Anmong t hem cycl e nunber was further inproved as 660-1010 when the Pd
was 0.05-3.0rﬁ %ﬂ*’"lﬁﬂm 95.0-99.94 wt % Furthernore, the cycle
nunber was i 10 when Pd was 0.05-2.5 wt % and Sn was
95.49-99.94 wt % *The Exanpl es 6-25 conprise at |east one el enent of
0.005-2.0 wt % selected fromthe groupgsconsisting of Ag, Ge, P, Zn, Cu,

B, Sb, Bi and In, other than Pd (0.005-3.0 wt %9 and Sn (95.0-99.985 wt
% . In thalthketmeind gtihgueiumi gsd tothhantyaite frunlaaris 500 withese nxa@apphes wer e
540- 1020, . so Exanpl es 6-25 al so showed excel | ent effects. Wien the Pd
amount wabeoobiRiamgtegiabsopnrisingh IRk 99999-9b Yoaf fit- oy the result was

better as the cycle was 710-1020. When Pd was 0.05-2.5 wt % and Sn was
95.49-99.94 wt % the excellent effect was obtai ned as the cycle was

800- 1010.16. EXidrplersrohic padBacdtpdy 86 cMaemEX 4 RheseihOthklsolder matéfial he
foll ow ng Exanples, silicon sem conductor elenents (power transi stor 3nm

squar e) vierrgheroeam erises f. Q%Z@a‘lﬂ %rof anwa(wgdsmﬁslécﬁeiwed from the
16 pover SSILSSIUGL L IR (62 P v (e eadess Nuehdsperatue
compar| SOk least one element selected from the group consisting of Pd and Sn.

17. The electronic part according to claim 15, wherein the solder material
further comprises 0.005-2.0 wt % of at least one element selected from the
group consisting of Ag, P, Zn, Cu, B, Sb, Bi and In in place of a portion of at

least one element selected from the group consisting of Pd, Sn and Ge.

18. The electronic part according to claim 14, wherein the solder material
further comprises 0.001-5.0 wt % of metallic or alloy particles in place of a

portion of at least one element selected from the group consisting of Pd and

Sn.

19. The electronic part according to claim 15, wherein the solder material

further comprises 0.001-5.0 wt % of metallic or alloy particles in place of a

portion of at least one element selected from the group consisting of Pd, Sn
and Ge.

20. The electronic part according to claim 18 or 19, wherein the particles

have a specific gravity that is within plus or minus 2 of the specific gravity of

Sn.
21. The electronic part according to claim 18 or 19, wherein the average
particle diameter ranges from 20 to 60 m.

is Sheet Has Been Replaced
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I n Conparative Exanple 10, the wt % of Pb to Sn was 95:5 ; in Conparative
Exanple 11, the wt % of Sn to Ag was 96.5:3.5. In Exanple 31, the wt % of
Sn to Ge was 98.5:1.5 ; in Exanple 32, the wt % of Sn to Pd was 98.5: 1.5 ;

and in Exa the wt %of Sn to Pd to Ge was 97:1.5:1.5. The
conpari son (' ‘m(m ﬂ fatigue tests B and C. In the test B, the
sol der materi rapidly in liquid phases of -65[err]C and

150[err]C for 30 m nut es réspectlverZléy turns. The test B is a heat shock
test for a transistor, since this test can be used to check thernal
fatigue of the solder caused by distortion between the parts. Test Cis
conduct ed220 Ahedkctrohéc phaet framedaby gmbgﬁdtﬁteeldp'G’ODm@lemf‘éﬁlbal wsipgtaween
the sem conductor elenment at the heatin the | ea g](tfr‘e}lr'ﬂat of the

radi at i onsb‘éltef majerial comprising palladyurm of O¢ Pr%/wéq/ﬂt%ﬂplaéa b%i nut e,
and of f q’?}ﬁ‘g{ @é&llpggj {xﬁ'eso‘? h%@%l&é@&%‘téﬁﬂ bR ACULE %t 90[ err] C (from

25[err]Ct err In or er to apply power to the sem conductor device
for self-heating. Wen the thermal resistance of the power transistor rose
to 1.3 tines of the initial value, the value vva ons derﬁquib&(ﬁctive.
Thirty spédh mere &!@FEW%E&FEHW%F“%%CI%%I% fme e to

speci Mens h@'sol £ mxtd Aaf RRGRIIE B RHEE HalEnd UPDAEiC &Bb&& WitRIEPRILEM ned

cycles. The resu Rown tn
minus 2 over Sn, and by arranging an electronic element on which the solder

material has been melted and dropped.

24. The electronic part according to claim 22, wherein the substrate and the
electronic-element are bonded .v'vith each other by providing the solder
material between a substrate surface where an Ni-based film is formed and a
surface of the electronic element where another Ni-based film is formed in

order to sandwich the solder material between the films.

25. The electronic part according to any one of claims 14, 15 and 22, wherein
the amount of lead present in the solder material is no more than a trace as

an inevitable impurity.

This Sheet Has Been R
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19 [err] 20 It is
clear fromTable 3 that. the Exanples 31-33 were effective in both tests B
and C conpared to the Conparative Exanples 10 and 11. The difference was
particularly remarkable in the severe thernmal fatigue test B. The.Exanple
32 was better than the Exanple 31, and the Exanple 33 showed the best
result anong them The above tests results show that the | ead-free high
tenperature solder materials of this invention has inproved thermal
fatigue properties conpared to the conyentional Pb-based sol der materials.
The best result was obtained when the total anmpbunt of Pd-Ge was 5 w % or
less in a mxture of Sn-Pd-Ge, and Pd and/or Ge was contained in the range
of fromO0.05 to 3.0 wt % Mostly, in the present invention it is

preferable that nore Pd is used than Ge, since Pd is nore effective for a
sol der materi al

SOLDER MATERIAL AND ELECTRONIC PART USING THE SAME

ABSTRACT OF THE DISCLOSURE

This invention provides a lead-free high temperature solder material
comprising 0.005-3.0 wt % of palladium (Pd) and 97.0-99.995 wt % of tin (Sn)
whose liquidus temperature is 200-350C. The sﬁlder material is
environmentally-friendly, improved in thermal fatigue property, and it can
improve the‘ reliability of electronic apparatuses. A predetermined amount
of Sn material and Pd is mixed, vacuum-melted and cast to prepare an ingot.
The ingot is rolled to be a tape that is later pressed to obtain a solder pellet.
In a preferable composition, at least 95 wt % of Sn and 0.005-3.0 wt 5 of Pd
are contained, and 0.1-5.0 wt % of metallic (e.g. Cu, Ni) or alloy particles are
added. The average particle diameter is about 404 m. A substrate and an
IC chip (5) (electronic element) are die-bonded substantially in parallel by a
solder material (3) provided between an Ni plating (4) on the lower side of an

IC chip (semiconductor) (6} and an Ni plating (2) on a die (1).

FIGURE 1



21 WHAT IS CLAIMED IS: 1. A solder material for connecting an electronic
el ement conprising 0.005-3.0 wt % of palladium (Pd) and 97.0-99.995 wt % of
tin (Sn), and whose liquidus tenperature ranges from 200 to 350[err]C.

2. A solder material for connecting an el ectronic el enent conprising

pal | adi um and germani um the respective ampunts are 0.005-3.0 wt % and the
total anmount of the palladiumand germaniumis 5.0 wt % at nost, the sol der
material conprising 95.0- 99.995 wt % of tin. 3. The sol der nmateri al
according to claim1, conprising 0.005-2. 0/ % of at |east one el enment
selected fromthe group consisting of Ag, Ge, P, Zn, Cu, B, Sb, Bi and In
in place of a portion of at |east one elenent selected fromthe group
consi sting of Pd and Sn. 4, The sol der material according to claim 2,
conprising at least 0.005-2.0 w % of onezel enent selected fromthe group
consisting of Ag, P, Zn, Cu, > i In in place of a portion of at
| east one el enent selected frgy consisting of Pd, Sn and Ge.

11 12 15 13 1
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5. The sol der materl &l accor di ng to cI aim1, further conprising 0 OOI
w % of metallic oriallloy particles in place of a portion of at |east Orl%i}

el enent sel ected firam § helgroupy con3| sting
conponent of the rhst allic particles:is a ne andS@e,

ce ] |
Mmmmnﬂwnmgra; oo e o a2, L TSty o o)

el enent ¢ fromthe group consisting Qfa BE(sdridpaggd .. to paged

The sol der material according to cl Hﬁ@bcﬁ?“% wipagest 7. tth@aged ..
part!c!es have a specific gravity that il wijthin plus or mnus 2,0f the

specific «;wy[SOéL MEDSs: The sol der mat g iRATECOBREDBIFTO I /i/fB or

6, wher ei n e parficles are selected fromthe group Consrstimy or—oxrde

c?r lC)::J deSN : r]u t A sbider madtéril Sore¢tnedtig ah 1es@bEIC eRehehi SURPriRthgd). 00523 QORE %SEf NY
0 , Ni

e Ider mat eri al according to claim5 or 6,
wherein t hB‘E“@\Si B, (R) aﬁgrgt]’-rb:? TIW Wik ef tip SHneand WBWFéqu@uiwqeéﬁtﬂlFrfﬁngeS 10.
The sol der figgi 260 & 358eeording to claim9, wherein the average particle

di aneter ranges from20 to 60 [err]m 11. The sol der material according
to claim5 or 6, wherein the nelting point

2. A solder material for connecting an electronic element comprising palladium and
germanium, the respective amounts are 0.005-3.0 wt %, and the total amount of the

palladium and germanium is 5.0 wt % at most, the solder material comprising 95.0-
99.995 wt % of tin.

3. The solder material according to claim 1, comprising 0.005-2.0 wt % of at

least one element selected from the group consisting of Ag, Ge, P, Zn, Cu, B

Sb, Bi and In in place of a portion of at least one element selected from the

group consisting of Pd and Sn.

4, The solder material according to claim 2, comprising at least 0.005-2.0

wt % of one element selected from the group consisting of Ag, P, Zn, Cu, B, Sb,

Bi and In in place of a portion of at least one element selected from the group
consisting of Pd, Sn and Ge.

5. The solder material according to claim 1, further comprising 0.001-5.0

wt % of metallic or alloy particles in place of a portion of at least one element

selected from the group consisting of Pd and Sn, wherein the main component of the

metallic particles is a metal excepting Pd, Sn and Ge.
6. The solder material according to claim 2, further comprising 0.001-5.0

wt % of metallic or alloy particles in place of a portion of at least one e¢lemaent,

selected from the group consisting of Pd, Sn and Ge.
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of the particles is at |east 400[err]C 12. The sol der""rra_t:.e‘r.ia.l accordi ng
toclaiml or 2, wherein the purity of the Sn materiial is at |east 99.9 wt

% 13. The sol de \mﬁordl ng to any one of :claink 1,572 3 and 4,
wherein the a m%\ “{ \‘) ent no nore than aitrace as an inevitable
I mpurity. ectroni ¢ part for%d by bondl rig ‘A substrate and an

el ectronic eI errent via a solder material conpriging 0.005-3..0.wt % of
pal | adi um and 97 0-99.995 wt % of tin and the |iqui dus t enper at ure of

t he sol der t efy from 00- 35 . An electronic
part forned’yrgyagh f’lndgj“a{ sgcoré?r T8 ANE tgn%}'}éd‘f o§11‘él‘°'°‘élté‘ﬁé’rﬂ‘t'\?f‘h9 have

sol der nat e ispbci€iRNgraiviiyeh A3ls Adh Mo Bd o O &l mewm ¢Hd J?ﬁp ELy
23 anmpunts are 0.005-3.0 wt (;q\ thiemltpot a? ar;ount of & Y 'S € %d\f&of%na

nost, and the sol der rraterlal conpri sing 95.0-99.995 vvt %of tin. 16. The

el ectrom c gart ccow /% c{ ai m%4 wherein the saolder material further
conprises 0005+ er 81“’%{? PESPLE IS kO é‘laéﬁ‘e%f"éel"@tﬁréﬂl thonprtieles are

selected from the group consisting of oxides, carbides, nitrides, alloys and
metals selected from the group consisting of Cu, Ni and Fe.
9. The solder material according to claim 5 or 6, wherein the average

particle diameter ranges from 5 to 100# m.

10. The solder material according to claim 9, wherein the average particle

diameter ranges from 20 to 60 £ m.

11. The solder material according to claim 5 or 6, wherein the melting point

of the particles is at least 400C.

12. The solder material according to claim 1 or 2, wherein the purity of the

Sn material is at least 99.9 wt %.

13. The solder material according to any one of claims 1, 2, 3 and 4, wherein

the amount of lead present no more than a trace as an inevitable impurity.
14. An electronic part formed by bonding a substrate and an electronic
element via a solder material comprising 0.005-3.0 wt % of palladium and

97.0-99.995 wt % of tin and the liquidus temperature of the solder material
ranges from 200-350C.

15. An electronic part formed by bonding a substrate and an electronic

element via a solder material comprising palladium and germanium, the respective



group consisting of Ag, Ge, P. Zn, Cu, B, Sb, Bi and In i placeofa !
portion of at |east one elenent selected fromthe group gonsisting of Pd

and Sn. 17 n mu‘ part according to claim 15; %hegr@iﬁlgfg heasol der
mat eri al quI "m n .005-2.0 vt % of at |east one eléenent sel ected

fromthe groap tonsisting of Ag, P, Zn, Cu, B, Sh, Bi and In-in place of a
portion of at |east one elenment selected fromthe group consisting of Pd,
Sn and GCe. 18. The el ectronic part accot di ng to clai m-14, vihérein the
sol der material_ fur C rjses. 0.001-5.0 .% of tallic or, alloy
particl esa‘ﬁ“’r\‘“%| aé%é'%'e‘{io "ﬁ?ﬁ t %Sﬁo%lfméﬂunf gf whic H%%@I %ﬁg’nﬂt noshAMALRE £ r om t he
group conssldet magerial coidprivil 950-99.995%t Fhuf twl ect roni ¢ part according to
claim15, wherein the solder material further conprises 0.001-5.0 wt % of

metallic or alloy particles in place of a portion of at |east one el enent
sel ect ed 1fBr on.

t he, group consi st of Pd,. Sn nd Ge 20. The,
el ectronic 'par}fe 516%5?%“?%63.{ a&‘f"élﬂgﬁ‘%é‘) SE"{T@,HV\HZ‘%?W Phees‘b‘gff !"b‘“}té?all have a
speci fiC furedr sorhPAked 8,085 DioNwRle4ISf QL 182 dtUsh2e Rimddiselp@eh fiesmAavi ty of
Sn. 21. The electronic part according to claim18 or 19, wherein the
aver age sgroparconsistivg afrdeeGe; dhas Gu,oq 80, Boadd [reiw place of a portion of

at least one element selected from the group consisting of Pd and Sn.

17. The electronic part according to claim 15, wherein the solder material

further comprises 0.005-2.0 wt % of at least one element selected from the
group consisting of Ag, P, Zn, Cu, B, Sb, Bi and In in place of a portion of at

least one element selected from the group consisting of Pd, Sn and Ge.

18. The electronic part according to claim 14, wherein the solder material

further comprises 0.001-5.0 wt % of metallic or alloy particles in place of a

portion of at least one element selected from the group consisting of Pd and

Sn.

19. The electronic part according to claim 15, wherein the solder material

further comprises 0.001-5.0 wt % of metallic or alloy particles in place of a

portion of at least one element selected from the group consisting of Pd, Sn
and Ge.

20. The electronic part according to claim 18 or 19, wherein the particles

have a specific gravity that is within plus or minus 2 of the specific gravity of

Sn.

21. The electronic part according to claim 18 or 19, wherein the average

partiele diameter ranges from 20 to 60 um.



24  22. An electronic part formed by die-bonding electronic el enents by
using a solder material conprising palladiumof 0.5-2.0.w. %conpared to
tin, the Iinﬂm'.rs tenperature of the solder material being 320C-at  nost.

23. The elec &"Hw mm ding to claim22, which:is forned by adding to
t he sol der ﬂm particl es having speci fic: gravi f s, w&,hr n plus

or mnus 2 over Sn &nds by* arrangi ng an el ectronic eI énmeht “0n° whi ch t he
solder material has been nelted and @r4opped. 24. The el ectroni-¢- part
according to claim22, wherein the substrate and the: el ectronic el enent
are bonded with each ot her by providing the sol der mat-eri-al ‘betweenh a

subst r at e28ur hacelevtrenéc gariNorbasiebly did-Bohgirfgelwetroande R maitsfigceasiak 4 he
el ectronic el enent where another Ni-based filmis forned in order to
sandwi ch faes P iflatunpeFingepadadiumef{0.§-3:0 wt %bompgged tadit.diiec part

accordi ng hq[qhﬁlgy t?xggyeggt Crleaolf%e1s%1de1r5m%@9r12ﬁbem ’z"d‘ﬂ ab 1K he sgnount of |ead
present in erlal i'S no nore ? race as an i nevitable

inpurity.
23. The electronic part according to claim 22, which is formed by adding to
the solder material metallic particles having specific gravity within plus or

minus 2 over Sn, and by arranging an electronic element on which the solder

material has been melted and dropped.

24. The electronic part according to claim 22, wherein the substrate and the
electronic element are bonded with each other by providing the solder
material between a substrate surface where an Ni-based film is formed and a
surface of the electronic element where another Ni-based film is formed in

order to sandwich the solder material between the films.

25. The electronic part according to any one of claims 14, 15 and 22, wherein

the amount of lead present in the solder material is no more than a trace as

an inevitable impurity.



