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SOLDER, ELECTRONIC COMPONENT MOUNTED BY SOLDERING,
AND ELECTRONIC CIRCUIT BOARD

5 FIELD OF THE INVENTION

The present invention relates to the field of solder
used for soldering, and electronic components mounted by
soldering and electronic circuit boards.

10

BACKGROUND OF THE INVENTION

The density of surface mounting on electronic circuit
15 Dboards is continuing to increase as a result of
miniaturization and the narrowing pitch of electronic
components. Typically, higher density mounting is
accelerating due to development of narrower pitch in 1005
type chips (EIAJ standard) which have 1.0 mm width and 0.5 mm
20 length, as shown in Fig. 14, and QFP (Quad Flat Package) at
0.3 mm pitch. Higher performance and higher reliability of
solder material used for mounting are thus required.
A problem has arisen, from the environmental aspect, in
the use of solder material made of alloy of tin and lead (Sn-
25 Pb) because of its lead content. Specifically, when
electronic equipment using solder material containing lead

are disposed of and exposed to acid rain, toxic lead elutes
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. The density of surface nounting on electronic circuit 15 boards is
continuing to increase as a result of m niaturization and the narrow ng
pitch of electronic conmponents. Typically, higher density nmounting is
accel erating due to devel opnment of narrower pitch in 1005 type chips
(EI'AJ standard) which have 1.0 mmwi dth and 0.5 mm 20 |length, as shown in
Fig. 14, and QFP (Quad Fl at Package) at 0.3 mm pitch. Higher

performance3sBEEDAgHEE rebbabihiypy of sol der material used for
nounting are thus required. A problemhas arisen, fromthe

envi ronment al aspect, in the use of solder material nmade of alloy of
tin and lead (Sn- 25 Pb) because of its |ead content. Specifically, when
el ectroni c equi pnent using solder nmaterial containing | ead are

di sposed ofinasdlexgesgdaheidtid,r aalisihgXeavhieadmehthes problems.

Accordingly, development of new solder material which does
not contain lead (lead-free solder) is required to replace
conventional lead-containing solder.

5 : An example of conventional solder is explained next.

Fig. 15.shows a brief sectional view of solder powder
of the prior art. Solder powder 21 is mixed with flux to make
solder paste which is used in surface mounting technology.
The metal composition of the solder paste is a eutectic alloy

10 of tin (Sn) and lead (Pb). The eutectic point of 63Sn-37Pb
(composition ratio is percentage by weight), for example, is
183°c.

An example of an electrode, an electronic component of
the prior art is explained next. Fig. 14 shows a surface

15 mounting electronic component of the prior art. As shown in
Fig. 14, the surface of an electrode 22 of the electronic
component is plated with tin (Sn) or solder (90Sn-10Pb).

The lands on an electronic circuit board of the prior
art are copper (Cu) which are either non-plated, or surface

20 plated with gold (Au) or solder (90Sn-10Pb).

The lands of the electronic circuit board and
electrodes or lead frames of electronic components are bonded
by soldering.

The above conventional structure, however, may cause

25 defective solder wettability; an insufficiently diffused
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| arge quantities, causing environnental problens:. Accordingly,

devel opnent of new sol der nmaterial which does ‘not contain |ead
(lead-free solder) is required to repl ace conventional |ead-containing
sol der. 5 An exanpl e of conventional solder is explained next.

Fig. 15. shows a brief sectional view of sol der PemdeLf —of the prior
art. Sol den3pgeden.dbd s 1Wgvgd 1vi2sh flux to make THIS SHERTUHAS BEBNE Which is
used in surface nounting technol ogy. 3 The nefal cREPRPACED on of| the

sol der paste is a eutectic alloy '

layer between the copper (Cu) land-and the solder, or between
the electrode or lead frame of the electronic component and
the solder; and insufficient bonding strength due to creation
of brittle intermetalic compounds of copper/tin alloy between
5 the lands and the solder.
Solder wettability here means spreadability of solder
when it is melted.
In addition, the prior art has insufficient reliability
of soldered portions due to shorting of electronic circuits.
10 caused by whiskering of tin (Sn) and cracking caused by the
different linear expansion coefficients of copper (Cu) land
and solder.
Furthermore, higher density of electronic circuits has
steadily led to miniaturization of electronic components,
15 causing partial detachment of chips due to sudden melting of
solder at the eutectic point and insufficient wetting.
Partial detachment of chips here means a rise in a part
of the electronic component 3 6n solderipg after it is
mounted on an electronic circuit board 5, as shown in Fig. 5.
20 This inappropriate mounting of electronic components causes
defective conductivity. In particular, partial chip
detachment occurs often with small electronic components such
as the 1005 chips mentioned above. This has led to
difficulties in making electronic circuits with further

25 higher density.
This Sheet Has Been Rei
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-10 of tin (Sn) and lead (Pb). The eutectic point of 63Sn-37Pb
(conmposition ratio is percentage by weight), for exanple, is

183[err] C. An exanpl e of an el ectrode, an el ectronic conponent
of the prior art is explained next. Fig. 14 shows a surface 15
nmounting el ectroni c conponent of the prior art. As shown in Fig. 14,
the surface of an electrode 22 of the electronic conponent is plated
wth tin (SI3538EsRldec (298n/10PR5 . The |l ands on an el ectronic
circuit board of the prior - art are cqpper (Cu) which are either

non-pl ated, or surface 20 plated with gold (Au) or sol der (90Sn-| OPDb).
The | ands of the electronic circuit board and el ectrodes or | ead
frames of electronic conponents are bonded by sol deri ng.

The above conventional structure, however, nay cause 25 defective sol der
wettability; an insufficiently diffused

DISCLOSURE OF THE INVENTION

5 The present invention improves bonding strength by
improving wettability, and also prevents partial chip
detachment by ensuring gradual melting of solder. The present
invention thus offers a solder material, electronic
component, and electronic circuit board with better

10 performance and higher reliability.

BRIEF DESCRIPTION OF THE DRAWINGS

15 Fig. 1 is a section view of solder powder whose surface
is coated with indium (In) in accordance with a first
exemplary embodiment of the present invention.

Figs. 2A to 2E illustrate the melting process of solder
powder in accordance with the first exemplary embodiment of

20 the present invention.

Fig. 3 is an electronic circuit board on which
electronic components are mounted.

Figs. 4A to 4C illustrate the melting state of solder
powder in accordance with the first exemplary embodiment,

25 indium-alloy solder, and conventional Sn-Pb solder.

Fig. 5 illustrates partial detachment of a chip.
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" between the copper (Cu) land and the sol der, or between the el ectrode
or |lead frame of the el ectronic conponent and the sol der; and

i nsufficient bonding strength due to creation of brittle intermetalic
conpounds of copper/tin alloy between 5 the |ands and the sol der.

Sol der wettability here nmeans spreadability of sol der when it is

nmel t ed. 13538E1Al doaddilpRBr11lyYB6 prior art has insufficient reliability

5

Fig. 6 is a solder bonding strength tester.

Fig. 7 explains wettability of solder.

Fig. 8 illustrates the wet state.

Fig. 9 is a comparison in bonding strength of solder

5 coated with indium of the present invention and indium (In)-
alloy solder.

Fig. 10 is comparison of wettability of solder coated
with indium of the present invention and indium (In)-alloy
solder.

10 Fig. 11 is a solder wire in accordance with an
exemplary embodiment of the present invention.

Figs. 12A and 12B are electronic componenté whose lead-
frame surface and electrode surface are coated in accordance
with an exemplary embodiment of the present invention.

15 Figs. 13A and 13B are electronic circuit boards whose
copper (Cu) land surface is coated with indium in accordance
with an exemplary embodiment of the present invention.

Fig. 14 is a surface mounting electronic component of
the prior art.

20 : Fig. 15 is a brief section view of solder powder of the

prior art.

DESCRIPTION OF THE PREFEkRED EMBODIMENTS

25



. of soldered portions due to shorting of electronic circuits 10 caused by
whi skering of tin (Sn) and cracking caused by the different |inear
expansi on coefficients of copper (Cu) |and and sol der.

Furthernore, higher density of electronic circuits has steadily led to
m niaturization of electronic conponents, 15 causing partial detachnent of
chi ps due to sudden nelting of sol der at the eutectic point and

i nsuffici ehB53BELARdoc 1997/11/P&rtial detachment of chips here neans a
rise in a part of the electronic congpnent 3 on soldering after it is
mounted on an el ectronic circuit board 5, as shown in Fig. 5. 20 This

| nappropriate nounting of el ectronic conponents causes defective
conductivity. In particular, partial chip det achnment occurs often with
smal | el ectroni cThenpoasahs snghntionaachhevé80bhehapsvemehicabaédabove.

This has led to .
objectives by coating the solder of the prior art, lead frame
surface and electrode surface of electronic components, and
copper (Cu) lands of electronic circuit boards with a metal
5 element, which is indium (In) or bismuth. (Bi).
The reason for coating with indium (In) or bismuth (Bi)
as mentioned above is explained next.
The surface tension of melted solder can be reduced by
adding only either indium (In) or bismuth (Bi). This will
10 .improve the wettability of the.solder'and increase bonding
strength.
In addition, coating enables the gradual melting of
solder, preventing partial detachment of chips.
As explained above, the present invention improves
15 Dbonding strength by coating the solder, electronic
components, and electronic circuit boards with one or other
of the above metal elements.
Suppression of the occurrence of partial detachment
also allows assembly of electronic components with high
20 reliability.
The solder, electronic components, and electronic
circuit board of the present invention are explained next

with reference to drawings.

25 First exemplary embodiment




difficulties in making electronic circuits with further 25 higher

density. 13538E1A. doc 1997/11/ 25

4 DI SCLOSURE OF THE I NVENTION 5 The
present invention inproves bonding strength by i nproving wettability,
and al so prevents partial chip det achnment by ensuring gradual nelting

of solder. The present
13538E1A.doc 1997/11/25

Fig. 1 shows an outlinelof solder powder in solder
paste in a first exemplary embodiment of the present
invention. A coating film of indium 2 is provided over the
surface of a solder core 1. Here, the solder core 1 is

5 conventional solder. In £his exemplary embodiment, an alloy
of tin and lead is used as the solder core 1. However, it can
be any solder containing tin irRkluding lead-free solder such
as Sn-Ag-Zn-Bi solder, Sn-Ag-Zn-In solder, or Sn-Ag-Bi-Cu
solder.

10 In this exemplary embodimeht, a plating method is
employed for coating indium over the surface of the solder
material, but evaporation and dispensing methods are also
applicable.

Next, the melting process of solder powder of this

15 exemplary embodiment is explained. Figs. 2A to 2E illustrate
the melting process of solder powder in this exemplary
embodiment. Fig. 2A shows its state before the solder melts,
and Fig. 2E illustrates the sfate of the solder powder after
the solder has melted. The solder powder in this exemplary

20 embodiment melts in the seqﬁence shown in Figs. 2A, 2B, 2C,
2D, and 2E. Fig. 3 shows an electronic circuit board on which
electronic components such as transistors and capacitors are
mounted. Electronic components 3 and 4 are placed on an
electronic circuit board 5, and a lead frame 6 and electrode

25 7 are fixed by solder 8 (solder paste).



I nvention thus offers a solder material, electronic conponent, and
electronic circuit board with better 10 perfornmance and hi gher

reliability. BRI EF DESCRI PTI ON OF THE DRAWNGS 15

Fig. 1 is a section view of sol der powder whose surface is coated with
indium (In) in accordance with a first exenpl ary enbodi rent of the
present invention. Figs. 2Ato 2E illustrate the nelting process
of sol der 133538Fkfieio n %%%B#H%&%% with the first exenplary embodi nent of
20 the present invention. Fig8 3 is an electronic circuit board
on whi ch el ectroni c conponents are nounted. Figs. 4A to 4C
illustrate the nelting state of sol der powder in accordance wth the

first exenplary enbodi ment
Figs. 2 and 3 are used as an example of soldering the

electronic circuit board and electronic component for
explaining the melting of solder in detail.
After mounting the electronic components 3 and 4 onto
5 the electronic circuit board 5, the electrode 7 and lead
frame 6 of electronic'eomponents 3 and 4 are bonded to
electrodes (lands) 9 on the electronic circuit board 5 by
soldering. Here, the solder melts in the following sequence.
First, when the solder is heated, melting starts at a
10 boundary surface 10 between the solder core 1 and indium (In)
2, generating eutectic alloy of tin (Sn) in the solder core
and indium (In) 2, and tin (Sn) and indium (In) melt and
diffuse as shown by the arrows in Fig. 2B. Then, when the
heating temperature reaches the melting point (118°C) of the
15 eutectic alloy of indium (In) 2 and tin (Sn), the eutectic
alloy 11 which has melted and diffused elutes as shown in
Fig. 2C. The melted and diffused layer (the boundary surface
between the solder core 1 and indium (In) 2) 10 gradually
moves outward over the circumference of indium (In) 2, and
20 the eutectic alloy 11 starts to elute from the circumference
of the indium (In) 2 to wet the electrode 7 and lead frame 6
of the electronic components 3 and 4, and lands 9.
The melting point of tin is 232°C, lead is 328°C,
indium is 156°C, and the solder powder of the present

25 invention is 118°C. The indium (In) 2 is a metal with a low



\25' i ndi umal | oy sol der, and conventional Sn-Pb sol der. Fig. 5

Illustrates partial detachnent of a chip. 13538E1A. doc
1997/ 11/ 25 5 Fig. 6 is a
sol der bonding strength tester. . Fig. 7 explains wettability of
sol der. Fig. 8 illustrates the wet state. Fig. 9is a
conparison in bonding strength of solder 5 coated wth indiumof the
present i nASEIaELAartbd ndiagd (1125 al | oy sol der.

9

melting point and has the effect of reducing the melting
point of the solder. Therefore, eutectic alloy of indium (In)
2 and tin (Sn) first starts to wet the elegtrode 6 and lead
frame 7 of the electronic components and the electrode

5 [copper (Cu) land in this exemplary embodiment] of the
electronic circuit board, and then the solder core 1 starts
to melt. Progressive melting of the indium (In) 2 and solder
core 1 causes gradual wetting, and reduces the occurrence of
partial chip detachment.

10 The boundary surface 10 in Fig. 2 spreads out uniformly
for briefly illustrating how the‘solder powder melts, but the
boundary surface 10 actually melts non-uniformly. Eutectic
metal. starts to melt from a part of the circumference of the
indium (In) 2, and gradually spreads out.

15 How partial detachment of chips is reduced is explained
with reference to Figs. 4A to 4C and 5. Figs. 4A to 4C show
the melting state of solder powder coated with indium in the
first exemplary embodiment of the present invention, solder
made of indium alloy containing indium, and conventional Sn-

20 Pb solder.

As shown in Fig. 4C, solder not containing indium (In)
2 (Sn-Pb solder) abruptly changes from the solid to the
liquid phase when it melts, which means its phase
transformation range is extremely narrow. In general, for

25 mounting electronic components onto an electronic circuit
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. Fig. 10 is conparison of wettability of solder coated wi t h indi um of
the present invention and indium (In)-alloy - sol der. 10 Fig. 11
is a solder wire in accordance with an exenpl ary enbodi nent of the
present invention. Figs. 12A and 12B are el ectroni c conponents
whose | ead- frame surface and el ectrode surface are coated in
accordance with an exenplary enbodi nent of the present invention. 15
Fi gs. 13A aBd38RBAadecel 20B7gnil¢g28i rcuit boards whose copper (Cu) Iand
surface is coated with indiumin accordamge wi th an exenpl ary
enbodi nent of the present invention. Fig. 14 is a surface
nmounting el ectroni ¢ conponent of the prior art. 20 Fig. 15 is
a brief section view of solder powder of the prior art.
board by soldering, solder paste is first printed in the
intended pattern on the electronic circuit boafd, electronic
components are placed on the electronic circuit board in a
way that electrodes or lead frames of electronic components
5 contact the printed solder paste, and the electronic circuit
board is heated in a reflow furnace to melt the solder for
bonding. Here, the temperature inside the reflow furnace is
not uniform, causing non-uniformity in the temperature of
electrodes 7a and 7b of the electronic component 3. This may
10 result in the melting of the solder for electrode 7a but not
for the other electrode 7b of the electronic component 3. As
explained above, since solder containing no indium (In) 2
changes abruptly from the solid to the liquid phase when the
solder melts, the other electrode 7b is lifted up pulled by
15 the surface tension of the solder for the electrode 7a.
Consequently, solder without indium (In) 2 is likely to
cause partial detachment because the solder solidifies in the
above condition.
On the other hand, as shown in Fig. 4A, solder coated
20 with indium (In) 2 generates the eutectic alloy 11 of indium
(In) and tin (Sn) on the boundary surface 10 between the
indium (In) and tin (Sn), and gradually spreads out around
the circumference of the indium. Melted eutectic alloy 11

then starts to elute from a part of the solder, wetting the

25 land 9 and electrode 7 of the electronic component as it
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© 1997/ 11/ 25 6 The present
i nvention achi eves the abovenenti oned obj ectives by coating the sol der
of the prior art, lead frane surface and el ectrode surface of
el ectroni c conponents, and copper (Cu) lands of electronic circuit
boards with a netal 5 elenent, which is indium (In) or bisnuth (Bi).
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melts. At this point, a portion of indium (In) 2 remains
unmelted, but gradually melts and diffuses afterwards. More
specifically, melting and diffusion of indium (In) 2 and tin
(Sn), and melting'of melted and diffﬁsed eutectic alloy

5 continue while the melted eutectic alloy of indium (In) 2 and
tin (Sn) elutes. Gradual generation of melted eutectic alloy
of indium (In) 2 and tin (Sn) extends the transformation time
when the solid and liquid solder coexist. This result in a
slower transformation between the solid and liquid phases,

10 requiring a certain time for solder to become completely
solid. This allows the solder for the other electrode 7b of
the electronic component to melt before the surface tension
of the solder is generated by the solidification of the
solder, enabling the électronic components to be soldered

15 without causing partial chip detachment. The occurrence of
partial detachment can thus be significantly reduced.

Solder made of indium alloy containing indium (In),
however, is unable to reduce partial chip detachment which is
possible with the present invention due to the following

20 reasons. |

As shown in Fig. 4B solder made of indium (In) alloy
immediately generates a melted compound of solder (tin) and
indium (In). This avoids progressive melting of eutectic
alloy of indium (In) 2 and tin (Sn) first and then the solder

25 core 1 as it is in the present invention as shown in Fig. 2.



_The reason for coating with indium (In) or bismuth (Bi) as nentioned

above i s expl ai ned next. The surface tension of nelted sol der
can be reduced by adding only either indium (In) or bismuth (Bi). This
will 10 inprove the wettability of the sol der and increase bondi ng

strengt h. I n addi tion, coating enables the gradual nelting of

sol der, preventing partial detachnent of chips. . As expl ai ned
above, the P3E3gmiAideentldd7/hps/dY¥es 15 bonding strength by coating the
sol der, electronic conponents, and ejzctronic circuit boards with one
or ot her of the above netal el enents. Suppressi on of the
occurrence of partial detachnent al so all ows assenbly of electronic

conponents with high 20 reliability.
Wetting of solder thus does not occur gradually. Accordingly,

the solder made of indium (In) alloy is unable to create a
sufficient transformation time when the solid and liquid
solder co-exist, resulting in partial chip detachment. In

5 particular, partial detachment occurs at high levels with
small electronic components such as 1005 chips.

As explained above, the present invention enables the
prégressive melting of the eutectic alloy of indium (In) 2
and tin (Sn), and then the solder core by coating the surface

10 of the solder core with indium (In). This allows gradual
wetting, and therefore the occurrence of partial chip
detachment can be reduced.

Indium (In) 2 also reduces the surface tension of the
melted solder, which improves the wettability of the copper

15 (Cu) lands on the electronic circuit board, thereby
increasing the bonding strength.

Furthermore, indium (In) is more likely to mutually
diffuse with copper (Cu) compared to other metals. This
enables the creation of a sufficiently diffused layer on the

20 boundary surface with the copper (Cu), thereby increasing the
bonding strength when the electrodes of electronic components
are soldered to copper (Cu) lands as in this exemplary
embodiment. Indium (In) is also a softer metal than copper
(Cu) and solder material. This enables indium (In) to act as

25 a buffer, absorbing any distortion caused by the different



. The sol der, electronic conponents, and electronic circuit board of the

present invention are expl ai ned next wth reference to draw ngs. 25
First exenplary enbodi nent 13538E1A. doc 1997/ 11/ 25

7 Fig. 1 shows an outline of solder powder in solder

paste in a first exenplary enbodi nrent of the present I nvention. A

coating filmof indium2 is provided over the
13538E1A.doc 1997/11/25
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linear expansion coefficients of copper (Cu) and solder
material and thus suppressiné the occurrence of cracking and
reducing internal stress in solder material, and, further,
suppressing the occurrence of tin (Sn) whisker.

5 Accordingly, the present inventipn enables improved
wettability of solder and reduces the occurrence of partial
chip detachment by coating the surface of the solder core
with indium (In).

Solder of the present invention is explained in detail

10 next with reference to experimental data.

In this exemplary embodiment, a bonding strength test
as shown in Fig. 6 was conducted for measuring the bonding
strength of solder.

An electronic circuit board on which an electronic

15 component is mounted was fixed on a table 12 angled at 45°.
One electrode of the electronic component was hooked to a
hook 13 and pulled upward. The electronic component was a QFP
with 0.5-mm lead pitch. A tensile test was conducted twenty
times, and the tensile stfength when the electrode of the

20 electronic component is peeled off was measured each time to
calculate an average F.

Next, for measuring wettability, the wettability test
shown in Fig. 7 was conducted.

-This is a method called the spreadability ratio method.

25 A certain amount of solder is melted and spread over a thin



_surface of a solder core 1. Here, the solder core 1 is 5 conventiona

solder. In this exenplary enbodi nent, an all oy of tin and lead is used
as the solder core 1. However, it can be any solder containing tin

i ncluding | ead-free sol der such as Sn- Ag-Zn-Bi sol der, Sn-Ag-Zn-In

sol der, or Sn-Ag-Bi-Cu sol der. 10 In this exenplary

enbodi nent, a plating nethod is enpl oyed for coating indiumover the
surface of 13688EbAddoc 199@dl&vR&l, but evaporati on and di spensi ng net hods
are al so appl i cabl e. Nexi4 the nelting process of sol der
powder of this 15 exenplary embodinent is explained. Figs. 2A to 2E
illustrate the nelting process of solder powder in this exenplary
enbodi ment. Fig. 2A shows its state before the solder nelts, and Fig.

2E i | | ust ra¢esetihsubtttretef 18heagdl dbe ppweedabfildty S (¥hdssol der has
mel ted. The sol der powder in this exenplary
calculated according to the following formula based on the
ratio between the maximum height h of spread solder and the
diameter D of the same volume of solder in spherical form.
5 Spreadability S = (D - h) / D x 100
Fig. 8 shows the wet state. As shown in the figure, a
shorter maximum height h of spread solder is better.
Table 1 shows a comparison of the wettability and
bonding strength among conventional solder, solder of the

10 present invention, and indium (In)- alloy solder.

Table 1

Spreadability S (%) [Bonding strength F (kg)

Solder paste of the present
invention 91.0 1.15

Conventional solder paste ' 89.7 1.05

Indium (In)-alloy solder
paste 90.0 1.07

It is apparent from Table 1 that the solder of the
present invention excels in both wettability and bonding
15 strength to conventional solder paste and indium-alloy solder
paste. |
Figs. 9 and 10 show comparison of bonding strength and
wettability between solder coated with indium of the present
invention and indium (In)-alloy solder. It is apparent from

20 the figures that solder coated with indium of the present



. 20 enbodinment nelts in the sequence shown in Figs. 2A, 2B, 2C, 2D, and

2E. Fig. 3 shows an electronic circuit board on which el ectronic
conponents such as transistors and capacitors are nount ed. El ectronic
conponents 3 and 4 are placed on an el ectronic circuit board 5, and a

| ead frame 6 and electrode 25 7 are fixed by solder 8 (sol der paste).
13538E1A. doc 1997/11/ 25 8

Figs. 2 anli3338EdAuded a3d8i/étd@pl e of soldering the el ectronic
circuit board and el ectroni c conponent f Db

invention excels in both bonding strength and wettability to
indium-alloy solder containing indium.
Table 2 shows a comparison of the number of partial
chip detachments among conventional solder, indium (In)-alloy
5 solder, and solder of the present invention. We counted the
number df partial detachments in 10,000 individual 1005

chips, and calculated the percentage of occurrence.

Table 2
Number of partial Percentage of
detachment occurrence rate (%)
Solder paste of the present
invention 53 0.53
Conventional solder.paste 150 1.50
Indium (In)-alloy solder 98 0.98
10
It is apparent that the number of partial chip
detachments using the solder of the present invention is
lower than that in the conventional solder and indium-alloy
solder.
15 Tin and lead solder are used in the first exemplary

embodiment, but the same improvements in wettability and

bonding strength and reduction in the number of partial chip

detachment are achievable with the use of lead-free solders.
Bismuth (Bi) is also applicable instead of indium (In).

20 However, the occurrence of whisker is not preventable with
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explaining the nelting of solder in detail. After nounting.the
el ectronic conponents 3 and 4 onto 5 the electronic circuit board 5, the
el ectrode 7 and | ead frame 6 of electronic conponents 3 and 4 are
bonded to el ectrodes (lands) 9 on the electronic circuit board 5 by
sol dering. Here, the solder nelts in the foll owi ng sequence.

First, when the solder is heated, nelting starts at a 10 boundary surface
10 bet weenisbhesebhdeoccole91/amnd2bndi um (1 n) 2, generating eutectic
alloy of tin (Sn) in the solder core 16and indium (In) 2, and tin (Sn)
and indium (ln) nmelt and di ffuse as shown by the arrows in Fig. 2B.
Then, when the heating tenperature reaches the nelting point
(118[err]C) of the 15 weutectic alloy of indium(ln) 2 and tin (Sn), the
eutectic the abktopflbishuth H&3)nelted and diffused el utes as shown in
Fig. 2C. The nelted and diffused | ayer (the boundary surface bet ween
the solder core 1 and indium(ln) 2) 10 gradually

Second exemplary embodiment

Fig. 11 shows a solder wire in an exemplary embodiment
5 of the present invention. A flux 15 is coated with a solder
core 16, and the solder core 16 is coated with indium (In)
17.
Table 3 shows experimental data for the solder wire as
configured above. Table 3 is comparison of bonding strength
10 between the conventional solder and the solder of the present
invention. The same bonding strength test as explained in
the first exemplary embodiment was conducted for measuring
the bonding strength.

Table 3

Bonding strength F (kg)

Solder wire of the present

invention : 1.19
Conventional solder wire - 1.05
15 It is apparent from Table 3 that the solder wire of the

present invention excels in bonding strength to the
conventional solder wire.
The percentage of occurrence of partial chip detachment
has also reduced same as in the first exemplary embodiment.
20 In the second exemplary embodiment, the conventional

solder is used as the solder core. The same effect is also



.moves outward over the circunference of indium(In) 2, and 20 the

eutectic alloy 11 starts to elute fromthe circunference of the indium
(In) .2 to wet the electrode 7 and lead franme 6 of the electronic
conmponents 3 and 4, and | ands 9. The melting point of tinis
232[err]C, lead is 328[err]C, indiumis 156[err]C, and the sol der

powder of the present 25 inv?ntion Is 118[err]C. The indium (In) 2 is a
metal with BIIFLIA.doc 1397/1148838E1A doc 1997/ 11/ 25
9 mel ting point and has the effectldf reducing the nelting

achievable with the use of lead-free solder.

In the first and second exemplary embodiments, the
weight of indium (In) in alloy composition after the solder
is melted is preferably 6 weight percentége or below. The'

5 reason for limiting content of indium (In) is because indium
shows the méximum bonding strength and wettability when it is
contained for 3 weight percentage as shown in Figs. 9 and 10.
When the content of indium exceeds 6 weight percentage, the
bonding strength and wettability reduces below those of the

10 solder without indium, which means there is no effect of
adding indium (In).

In the above exemplary embodiments. solder paste and
solder wire are used as an example. Any solder for surface
mounting is applicable.

15 The above exemplary embodiments also use solder paste
coated with indium (In), but the same effect is achievable by
coating the lead-frame surface of the electronic component or
coating the copper (Cu) land surface.

Exemplary embodiments for an electronic components and

20 electronic circuit board are explained next.

Third exemplary embodiment

Figs. 12A and 12B show an electronic component whose
lead-frame surface and electrode surface are coated in an

25 exemplary embodiment of the present invention.



.point of the solder. Therefore, eutectic alloy of indium(In) 2 and
tin (Sn) first starts to wet the electrode 6 and | ead frame 7 of the
el ectroni c conponents and the electrode 5 [copper (Cu) land in this
exenpl ary enbodi nent] of the el ectronic circuit board, and then the
sol der core 1 starts to nelt. Progressive nelting of the indium(ln) 2
and sol der core 1 causes gradual wetting, and reduces the occurrence
of part3z38EIA pdoet at99®NL1/230 - The boundary surface 10 in Fig.
2 spreads out uniformy for briefly 18l ustrating how the sol der powder
melts, but the boundary surface 10 actually nelts non-uniformy.
Eutectic netal starts to nelt froma part of the circunference of the
indium (In) 2, and gradually spreads out. 15 How partial detachnent
of chips is reductee isuekptes nefl an eledcthodef b camed leadi §ramdAlPoodC and
5. Figs. 4A to 4C show

the electronic component are coated with the indium (I) 2.

When this electronic component is mounted on an
electronic circuit board by soldering, the same effect as the
5 use of the solder of the above exemplary embodiments can be
achieved. Further effect is achievable by using the solder

of the present invention together for soldering.

Fourth exemplary embodiment

10 Figs. 13A and 13B show an electronic circuit board
whose surface of copper (Cu) land is coated with indium (In)
in an exemplary embodiment of the present invention.

A land 20 on the electronic circuit board is coated
with indium.

15 When electronic components are mounted on the
electronic circuit board and soldered, the same effect as the
use of the solder of the above exemplary embodiments can be
achieved. Further effect is achievable by using the solder
'of the present invention together for soldering.

20 Hardness of the indium (In) is 0.9 HB (HB: Brinell
hardness), which is softer than tin (5.3 HB), lead (33 ﬁB),
and the conventional solder. When electronic components
coated with indium and an electronic circuit board coated
with indium are used, solderless contact is possible,

25 enabling to offer solder-free electronic circuit boards.



.the nelting state of solder powder coated with indiumin the first

exenpl ary enbodi nent of the present invention, solder made of i ndi um
al l oy containing indium and conventional Sn- 20 Pb sol der. As
shown in Fig. 4C, solder not containing indium(In) 2 (Sn-Pb sol der)
abruptly changes fromthe solid to the |l iquid phase when it nelts,

whi ch neans its phase transformation range is extrenely narrow. In
general , f&B532BlAndeti nd987¢afly@di c conponents onto an electronic circuit
13538E1A. doc 1997/ 11/ 25 19 10 -

10

15

20

25

INDUSTRIAL APPLICABILITY

As explained above, the present invention enables to
decrease surface tension of melted solder, improve
wettability of solder, and increase bonding strength by
coating solder material, lead frames and electrodes of
electronic components, and copper (Cu)_lands of electronic
circuit boards with indium (In).

Progressive melting of eutectic alloy of indium (In)
and tin and the solder core allows gradual wetting, and
therefore the occurrence of partial chip detaéhment can be
reduced.

Furthermore, indium (In) is more likely to mutually
diffuse with copper (Cu) compared to other metals. This
enables the creation of a sufficiently diffused layer on the
boundary surface with the copper (Cu), thereby increasing the
bonding strength. Indium (In) is also a softer metal than
copper (Cu) and solder material. This enables indium (In) to
act as a buffer, absorbing any distortion caused by the
different linear expansion coefficients of copper (Cu) and
solder material and thus suppressing the occurrence of
cracking and reducing internal stress in solder material,
and, further, suppressing the occurrence of tin (Sn) whisker.

Accordingly, the present invention enables improved

wettability of solder, and reduced occurrence of cracking at



. board by soldering, solder paste is first printed in the i nt ended
pattern on the electronic circuit board, electronic conponents are

pl aced on the electronic circuit board in a way that el ectrodes or

| ead frames of electronic conponents 5 contact the printed sol der paste,
and the electronic circuit board is heated in a reflow furnace to nelt
t he sol der for bondi ng. Here, the tenperature inside the refl ow
furnace i s13538EmAL dooi f @087 /¢ay26ng non-uniformty in the tenperature of
el ectrodes 7a and 7b of the electronic cgpponent 3. This may 10 result in

the melting of the solder for electrode 7a but not for the other
el ectrode 7b of the el ectroni-c conponent 3. As expl ai ned above, since
sol der containing no indium(Iln) 2 changes abruptly fromthe solid to

the |i qui dsphdeeedhpprthiens andspladernalelchdip idetachimenteltdeinedde 7b is
lifted up pulled by 15 the surface tension of the solder for the el ectrode
7a. assuring high reliability in assembly of electronic

components.



~

.Consequent | y, 'solder w indium (I n) 2 is—+ikely—to———-.cause partial

ou
det achnent beca : lidifies in t&ﬁ above condition.
On the ot her hammﬁmusmmlmﬂl g. 4A, sol dery s B laced i ndi um (1 n)
2 generates the eutectic mallsoy«11i of indium IH I,t (Sn) on the
boundary surface 10 between the i ndi um (1 n , and

gradual |y spreads out around the circunference of the indium Melted

eutectic all3y3dH1A.doct heaosfarra5to elute fr a_part of the sol der,
wetting the 25 land 9 and el ectrode 7 ofzthe ¢l BHISISHEERS i.q;mg t as it

REPLACED

Wha£ is claimed is:

1. Solder powder whose surface of a solder core
containing tin is coated with one of indium (In) and bismuth
(Bi) .

5 2. Solder whose surface of a solder core containing tin
is coated with one of indium (In) and bismuth (Bi) .

3. Solder paste powder whose surface of a solder core
containing tin is coated with one of indium (In) and bismuth
(Bi).

10 4. Solder paste which is a mixture of the solder paste
powder as defined in Claim 3 and flux.

5. A solder wire whose in which a solder core containing
tin is coated around the circumference of flux, and the
circumference of~said solder core is coated with one of

15 indium (In) and bismuth (Bi).

6. An electronic componént whose one of lead-frame
surface and electrode sﬁrface is coated with one of indium
(In) and bismuth (Bi).

7. An electronic circuit board whose copper (Cu) land

20 surface is coated with one of indium (In) and bismuth (Bi).

8. Solder powder as defined in Claim 1, wherein said
indium in alloy composition after the solder is melted is 6
weight percentage and below.

9. Solder as defined in Claim 2, wherein said indium in

25 alloy composition after the solder is melted is 6 weight



. 13538E1A. doc 1997/ T17 25 nelts.

At this point, a por ln) 2 renaln,rsTl unnelted but
gradually nelts and Hmﬂ !"g !LE rds Mor e ls ced”?' ting
and diffusion of IﬂdlUﬁh (Sn ) nelted and

di ffused eutectic alloy 5 contlnue mhile t he al I oy of

i ndium (In) 2 and tin (Sn) elutes. G adual generatlon of nelted
eutectic allB6$8E1A.dot i AdOIMIAV/AE 2 and tin (Sn) extends the
transfornation tine when the solid apd |iquid solder coexist. This
result in a sl ower transformation between the solid and |iquid phases,
10 requiring a certain time for solder to becone conpletely sol id.
This allows the solder for the other electrode 7b of the electronic
conponent pergehtalef end bledosurface tension of the solder is

generated by the solidification of the
10. Solder paste powder as defined in Claim 3, wherein

said indium in alloy composition after the solder is melted
is 6 weight percentage and below.

5 11. Solder paste as defined in Claim 4, wherein said
indium in alloy composition after the solder is melted is 6
weight percentage and below.

12. A solder wire as defined in Claim 5, wherein said
indium in alloy composition after the solder is melted is 6
10 weight percentage and below.
| 13. An electronic coﬁponent as defined in Claim 6,
wherein said indium in alloy composition after the solder is
melted is 6 weight percentage and below.
14. An electronic circuit board as defined in Ciaim 7,
15 wherein said indium in alloy composition after the solder is

melted is 6 weight peféentage and below.

THIS SHEET HAS BEEN
REPLACED




_sol der, enabling onponents to be soldered 15 without
causing parti al H“lﬂﬂ ‘ﬁeﬁ Earj llIThe occurrence IhisSheetHaslm&IR heedet achment
can thus be sign Sol di um al | oy
cont ai ning i ndium(In), however, is unable tﬁ' ngmlw l’al chip

det achnment which is possi bl e with the present 1 nv e to the
followng 20 reasons. As shown in Fig. 4B solder nade of indium
(I'n) alloy 13538E1medbat eL9ogeneyases a nel ted conpound of solder (tin) and

indium (I n). This avoids progressive neltsfig of eutectic s -

indium(ln) 2 and tin (Sn) first and then the solder 25 core @MCE}H ’-_LSI'EET

the present invention as shown in Fig. 2. _ CL
(Amendment under the provision of Article 11 of the Ljav}) 2 SNOV 1007

What is claimed is:
1. Solder powder whose surface of a solder core
5 containing tin’is ¢oated with one of indium (In) and bismuth
(Bi).
2. (Deleted)
3. (Deleted)
4. (Bmended) Solder paste which is a mixture of the
10 solder powder as defined in Claim 1 and flux.
5. Solder wire in which a solder core containing tin is
coated around the circumference of flux, and the
circumference of said solder core is coated with one of

indium (In) and bismuth (Bi).

15 6. (Deleted) THIS SHEET HAS BEEN
REPLACED

7. (Deleted)

8. Solder powder as defined in Claim 1, wherein said
indium in alloy composition after the solder is melted is 6
weight percentage and below.

20 9. (Deleted)

10. (Deleted)

11. Solder paste as defined in Claim 4, wherein said
indium in alloy composition after the solder is melted is 6
weight percentage and below.

25 12. A solder wire as defined in Claim 5, wherein said



. 13538E1A. doc 1997/ 11/ 25 ——  \Wetting

o s cer e SO 2o e mT I ns?tfﬁét on’

“time when the solid %@nd | #qukd * sol der co-ex in partial
"chip detachnment. In 5 particular, partial detac t hi gh | evel s
W th smal | el ectronic conponents such as 1005 ChIpS. ~As
expl ai ned 4BbB38E1Rhdopr e300 /ildyesbti on enabl es the progressive nelting

of the eutectic alloy of indium(ln) 2 24 and tin (Sn), and then the
sol der core by coating the surface 10 of the solder core with indium((lIn).
This all ows gradual wetting, and therefore the occurrence of partial
chip det achment can be reduced.
indium in alloy composition after the solder is melted is 6
weight percentage and below.
13. (Amended) An electronic component whose one of lead-
frame surface and electrode surface is coated in a way that
5 indium in alloy composition after the solder is melted is 6
weight percentage and below.
14. (Amended) An electronic circuit board whose
copper (Cu) land surface is coated in a way that indium in

alloy composition after the solder is melted is 6 weight

10 percentage and below.

REPLACEMENT SHEET

2 5NOV 1997 THIS SHEET HAS BEEN
: REPLACED




. Indium(In) 2 also reduces the surface tension of the mel t ed solder,ﬂ
which inproves the wettability of the copper 15 (Cu) lands on the

el ectronic circuit board, thereby i ncreasi ng the bondi ng strength.
Furthernore, indium(In) is nore likely to nmutually diffuse with
copper (Cu) conpared to other netals. This enabl es the creation of a

sufficiently diffused | ayer on the 20 boundary surface with the copper
(Cu), ther&Byp3BRAtAedscngloB&/11/25bondi ng strength when the el ectrodes of
el ectroni c conponents are sol dered pg copper (Cu) lands as in this
exenpl ary enbodiment. Indium(ln) is also a softer netal than copper
(Cu) and solder material. This enables indium(ln) to act as 25 a buffer,

absorbing any distortion caused by thgdipRhgment

The occurrence of partial chip aetachment is reduced by
improving wettability for increasiﬁg the bonding strength,
and by enabling gradual melting of the solder. Solder

5 material, electronic compohents, and electronic circuit
boards with higher performance and higher reliability are
offered. The surface of a solder core, lead-frame surface
and electrode surface of electronic components, and copper
(Cu) land surface of electronic circuit boards are coated

10 with metal element, which is either indium (In) or bismuth

(Bi).



13538E1A. doc 1997/ 11/ 25 13 l'i near
expansi on coefficients of copper (Cu) and sol der mat eri al and thus
suppressing the occurrence of cracking and reducing internal stress in
sol der material, and, further, suppressing the occurrence of tin (Sn)
whi sker. 5 Accordingly, the present invention enables inproved
wettability of solder and reduces the occurrence of partial chip

det achnentl 33 8FdX . .iduy t HO BAHlaAES of the sol der core with indium(In).
Sol der of the present invention is expl @eied in detail 10 next with
reference to experinental data. In this exenplary enbodi nent, a
bondi ng strength test

Reference numerals for drawing

1 solder core
2 indium (In)
3 electronic component
5 4 electronic component (QFP)
5 electronic circuit board
6 lead frame
7 electrode
8 solder
10 9 land
10 surface boundary between the solder core 1 and

indium (In) 2
11 eutectic alloy of the solder core 1 and indium
(In) 2

15



, as shown in Fig. 6 was conducted for neasuring the bonding strength of
sol der. - An el ectronic circuit board on which an electronic 15

conponent is nmounted was fixed on a table 12 angled at 45. One

el ectrode of the el ectronic conponent was hooked to a - hook 13 and
pul I ed upward. The el ectronic conponent was a QFP with 0.5-mmlead
pitch. Atensile test was conducted twenty ‘times, and the tensile
strengt h whéR3BRéPerost r 39874L1¥RE 20 el ectronic conponent is peel ed of f
was neasured each tinme to cal cul ate2an average F. _ Next, for
measuring wettability, the wettability test - shown in Fig. 7 was
conduct ed. This is a nmethod called the spreadability ratio

met hod. 25 A certain amount of solder is nelted and spread over a thin

Explanation

(2) We have received a .notice of rejection to the
effect that the scope of Claim 6 lacks novelty because it is

5 described in the Document 1 (JP, 4-148555, A (Shinko Denki
Industrial Co., Ltd.) 21 May 1932 (21.05.92), Scope of Claim,
Fig. 2), Document 2 (JP, 5-13638, A (Kyushu NEC Corporation)
22 January 1993 (22.01.93), Scope of Claim, Figs. 2 - 4), and
Document 3 (JP, 4-3491, A (Nippondenso Co., Ltd.) 8 January

10 1992 (08.01.92), Claim 2) as cited in the international
search report.

We also have received a notice of rejection to the
effect that the scope of Claim 7 lacks novelty because it is
described in the Document 4 (JP, 63-10587, A (Toshiba Co.,

15 1Ltd.) 18 January 1988 (18.01.88), Scope of Claim, Fig. 1),
Document 5 (JP, 6-209025, A (Sharp Corp.) 26 July 1994
(26.07.94), Scope of Claim, page 2 right column, lines 16 and
17, Fig. 1), and Document 3 as cited in the international
search report.

20 We agree with your notices of rejection, and will
delete Claims 6 and 7. In this respect, Claims 13 an 14 are

amended.

(3) This is not related to your notice, however, we

25 will delete the scope of Claims 2, 3, 9, and 10. 1In this



13538E1A. doc 1997/ 11/ 25 14 heat ed

substrate 14, and the spreadability S (% is cal cul ated according to
the follow ng fornula based on the rati o between the naxi mum hei ght h
of spread sol der and the di aneter D of the same vol une of solder in
spherical form 5 Spreadability S = (D - h) / Dx 100

Fig. 8 shows the wet state. As shown in the figure, a shorter maxi num
hei ght h AB58BE4Ad deal d&r 7y ligt25er . - Table 1 shows a conpari son
of the wettability and bondi ng strepngth anong conventional sol der,

sol der of the

respect, Claim 4 is amended.



. 10 present invention, and indium (In)- alloy solder.

Table 1 Spreadability S (% Bonding strength F
(kQg) Sol der paste of the present i nvention 91.0
1.15 Conventional sol der paste 1/189.7 1.05 | ndi um
(I'n)-alloy sol der paste 2 90.0 1.07
It is apparent fromTable 1 that t 3 N\ fsthe present invention

excels in both wettability and bt ) Krength to conventional sol der
paste and indiumalloy sol der N Figs. 9 and 10 show
conpari son of bonding strength [ ity between sol der coated
with indiumof the present dium(ln)-alloy solder. It
is apparent from 20 the figure ted with indiumof the

pr esent

QS —
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15

I nvention excels in both bonding strength and wettability to

i ndium al | oy sol der containing indium

conpari son of the nunber of partial
conventi onal I ndl

10, 000 i ndi
occurrence.

sol der,
present invention:

¥;dual

=
=
=

Solid/Liquid Solid/Liquid

Solid/Liquid

Solid

o
~—

: am#f]'

melting and diffusion

O
o

FIG. 2B FIG. 2C FIG. 2D

FIG. 2A

Table 2 shows a
2¢K p detachnents anong
5 sol der, and sol der of the
unber of partial detachnments in
al cul ated the percentage of
Table 2

THIS SHEET HAS BEEN
REPLACED

Sheet Has Been Reilaced

||II|I|| (L




»

Nunber of parti al Per cent age of

" det achnent occurrence rate (% Sol der pastée of the present
i nvention : 53 0.53 Convent i onal
sol der paste 150 ' 34120 I ndium (I n)-alloy sol der
98 0.98 10 I't is apparent ghat the nunber of
partial chip det aclyrent s usyng the sol der of the present inventi.on is
| ower than that i n the gonventi ghal sol der ane—i-e=t S gol der.
15 Ti Qo Sad—EoLdoiig used i pthd first exerrp_l
enbodi ment , 1 .Qg'y,,,‘ ents_if wetfahility and F—boddi ng
strength and KOOt i on i n t hgeXpliber 2a gartial chi det it are
achi egabl e-w ;’:Z’?.’ G—t5-68 ,',,',," ; /(4,// . P B '/_//”Zf ) is
al so applicab of | 'uI. g Bwever / t e gt r ghdg’ of
whi sker | s ot preyentatftewth N/ \ / N\

9 g ° 5 8

FIG. 3
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of bisnmuth (Bi). :
Fig. 11 shows a solder wire in an exenpl a
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_ . configured above.
sol der and the solder of the present
the first exenplary enbodi nent

conventi onal

bondi ng strength test as expl ained ingzp
measuri ng

was conducted f

or

Table 3 is conparison of bonding strength

1
i nventio

the bonding strength.

0 between the
n. The sane

Tabl e 3
Sol der wi re of
1.19

excel s i n bondi
The percent age
reduced sane as

exenpl ary enbodi nent h

core. The same

Convgnt i ong
apparent fromT

DofreT1g Dthllyth F (kg)
t he present I nvention
ol der pire 1.05 15 It is
abl € t he|lsol der wire of [he present{ i nventi on
g% i to {he convent| onal sol der wi rle.
of d o partial chip detachnent Has al so
I n st] ekenpl ary enbodi nent. 20 In the second
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achievable wth the use of |ead-free sol der. In the first and
second exenpl ary enbodi nents, the wei ght of indium (In) in alloy
conposition after the sol der is félded is preferably 6 weight
percentage or bel ow. The 7 reason for ligmiting content of indium(In) is
el qum bondi ng strength and wettability when

because i ndi um shows t\f&
it is contained for 3 s sui/age as shown in Figs. 9 and 10.

When the content of indiumé

8
\ \
5 9
Fig. 5
13\'{
8
4
5
45° .
\
12
Fig. 6
N T
' D

Y 7 N

0 N L h, ]
S L A4

Fig. 7



‘bondi ng strength and wettability reduces bel ow those of the 10 sol der

w t hout i ndium which neans there is no effect of addi ng indium (In).
In the above exenpl ary enbodi nents. # paste and solder wire are
used as an exanple. Any solder for sur mounting is applicable. 15
The above exe%r-ysen@o&-m.s-al-s.o-us-e_sm.dema&t.e coated.with

i ndium (1 n), Fﬂlldt he sgm t i s achi evabl e by coating the

| ead-frame surtface of {roni ¢ conponent qr coating the copper

(Cu) land fmeltetcmetal) for an el ectronic
conponents and 20 el

dnpl ary entedia
\ : ¢ircuit bo e ai ned nex
Third exenpl ary erbesh e b 12 tronic
conmponent vvhosesolid Ieag f{@@@ Surface agd_ Oectrode sut fgee, @r é:’oat ed in

an

(Land) Bad = Wet state ————— Good

FIG. 8
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QB'exeanary enbodi nent of the present invention.

13538E1A. doc 1997/11/ 25 18
The surfaces of an electrode 18 and | ead frame 19 of the electronic
conponent are coated with the indium8iy 2. _ When this electronic

conponent is nount by —soldering, the
sane effect as the | 5 use of the solder of the above exenplary entpodi nents
can be achievgd. Further effect is achievable by using the s¢l der

of the present invgntion together for sol dering.

|
I
= | —a)
5 l }
= ' t
B | 1
5 t |
= | I
= I |
= I |
8 | ‘
' ' :ad
0.5 I l Po) <)
' |
|
: : older
i l
! :
: |
1 | ! i
0 3 5 6 10

Indium content ( wt % )

FIG. 9



A

~Fourth exenpl ary embodi ment 10 Fi gs. 13A and 13B show an el ectronic

circuit board whose surface of copper (Cu) land is coated with indi um
(I'n) in an exenpl ary enbodinentsggzthe present invention. A
| and 20 on the electronic circuit board is coated with indium 15

puit board
ame effect as the use of the sol der of the¢ above
s can be achieved. Further effect is achjevabl e by

When el ectronic co
and sol dered, the
exenpl ary enbodi ne

usi ng the sol der of the present invention together for soldefing. 20
Hardness of the indium(ln) is 0.9 HB (HB: Brinell hardness)}{ which is
softer than tin (5.3 HB), |lead (33 HB), and the conventi onal {sol der.
When el ectroni c conponent s :
o5 -
=
=
E
= 90 ;
L {
; I i \\ \‘-‘--%-——
| [ S~
' | ~‘~~~~-‘
| !
: i ) Indium coatedl
| ' Solder
! I —
: L} & ihdium alloy solfier
85} ! ,
i
' |
S | l
I |
1 1 ! 1
0 3 5 6 10
Indium content (wt %)

FIG. 10
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__‘t:dated wth indiumand an electronic circuit board coated wth indium

are used, solderless contact is possible, 25 enabling to offer solder-free

electronic circuit boards. 13538E1A. doc 1997/ 11/ 25

19 | NDUSTRI AL. APPLI CABI L] TY As
expl ai ned above, the present inventigtf/ddables to decrease surface

t ensi on of nelted sol der, inprovib 55wettability of solder, and increase
bondi ng strength by coati ng ‘sol der naa?rial, | ead frames and

el ectrodes of AT

/%

FIG. 11
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e e

.el ectroni c conponents, and copper (Cu) |lands of electronic circuit

* boards with indium(In). Progressive nelting of eutectic alloy
of indium(ln) 10 and tin and the solder core allows gradual wetting, and
therefore the occurrence of partiallyfip det achnment can be reduced.
Furthernore, indium(In) is nnre-lﬂkely to nutually diffuse with
copper (Cu) conpared to other m™ i 15 engbl es the creation of a
sufficiently diffused |ayer on 1 2 rface with the copper
(Cu), thereby increasing the - Indium (In) is also a
softer nmetal than 2 pdrial . This enabl es indium
(In). to act as a b tion caused by the 20
different |inear expgA /‘(CM) and sol der
material and thus suppes

(Cu) and sol de
absor bi ng any ¢




N -y

_ tracking and reducing internal stress in solder material, and,

M further, suppressing the occurrence of tin (Sn) whisker.

Accordi ngly, the present invention enables inproved 25 wettability of
sol der, and reduced occurrence of cragking at 13538E1A. doc
1997/11/25 20 ohdered portions and
partial chip detachnent thereby assurlng h|gh reliability in assenbly of
el ectronic conponents. ;

FIG. 13A Y"—

FIG. 13B

FIG. 14
PRIOR ART

22

21
FIG. 15

PRIOR ART



. 13538E1A. doc 1997/ 11/ 25 - | 21 what i s

clainmed is: 1. Sol der powder whose .surface of a solder core
containing tin is coated with one of indium(ln (Bi). 5
2. Sol der whose surface of a solder core cont{i hEﬂ%EMEﬂMﬁFETS coated with
one of indium (In) and bisnuth (Bi). 3. Sold paste powder whose
surface of a sol der co containing tin i|s ohejof indium
(1n) and BSSRGEHA. dOC(E§%97/hk/25 4. Sol def] aste mhlch isla|m xture of

t he sol der paste 3

10

15

20

25

layer between the copper (Cu) land and the solder, or between
the electrode or lead frame of the electronic component and
the solder; and insufficient bonding strength due to creation
of brittle intermetalic compounds of copper/tin alloy between
the lands and the solder.

Solder wettability here means spreadability of solder
when it is melted.

In addition, the prior art has insufficient reliability
of soldered portions due to shorting of electronic circuits
caused by whiskering of fin {(Sn) and cracking caused by the
different linear expansion coefficients of copper (Cu) land
and solder.

Furthermore, higher density of electronic circuits has
steadily led to miniaturization of electronic cbmponents,
causing partial detachment of chips due to sudden melting of
solder at. the eutectic point and insufficient wetting.

Partial detachment of chips here means a rise in a part
of the electronic component 3 on soldering after it is
mouhted on aﬁ electronic circuit board §, as showﬁ in Fig. 5.
This inappropriate mounting of electronic components causes
defective conductivity. In particular, partiallchip
detachment occurs often with small'electronic components such
as the 1005 chips mentioned above. This has led to
difficulties in making electronic circuits with further

higher density.



. powder as defined in daim3 and flux,,.
whi ch a sol der core containing
of flux, and the

t

of 15 indium (In) and bisnuth (Bi).

whose one of
one of indium
board whose coppe (cuy Ian»
and bisrgth (Bi).[!",
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wei ght percentage
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_ 5. A solder wire whose in
.+$-coated around the circunference
ci rcunference of sai d- solder core is coated with one
6. An el ectroni c conponent
surface and el ectrode surface is coated wth
7. An electronic circuit
ce is coated with one of
owder as defined in Claim1, wherein
after the sol der
9. Solder as defined in Claim2,
al | oy cokn05|t|on after the solder is nmelted is

REPLACEMENT SHEET

25 MAR 1998

i ndium (1 n)

is nmelted is 6




. 13538ElA doc 1997/11/25 22
percent age and bel ow. 10. Sol.der.paste powder as defined in C aim

3, wherein said indiumin alloy cor‘ryosition after the solder is nelted
is 6 weight percentage and below. 5 4/#211. Solder paste as defined in

Claim4, wherein said indiumin alloy conposition after the solder is
nelted is 6 wWerght—pertentage—and—bhet-ow +2—A sol der wire as
defined in aim5, wherein said
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[ hdi‘u"m | n alloy conposition after the solder is nelted is 6 10 weight
percent age and bel ow. m I m m nponent as defined in
Cl.ai m 6, wher ein said |nd|unJ| 'Hmlﬁ ﬁ Eul ion after the solder is

nelted is 6 wei ght percentage and Wel 6w.* " *14. An electronic circuit
baard as defined in Caim?7, 15 wherein said indiumin alloy conposition
after the solder is el ted Is 6 weight percentage and bel ow
| CLAIMS
 What is claimed is:

. 1. Solder powder whose surface of a solder core containing tin is coated with
one of indium (In) and bismuth (Bi). .' E |

2. (Deleted) -

3. (Deleted) |

4. (Amended) Solder paste which is a mixture of the solder powder as deﬁned in
Claim 1 and flux.

5. Solder Wire in which a solder core c_:ontainihg tinis co_ated around the |
.circumference of flux, and the circumference of said solder. core is coated with one of
indium (In) and bismuth (Bi).

6. (Deleted)

7. (I-Deleted).

8. Solder powder as defined in Claim 1, wherein said indium in alloy

_ cerhp_osition after the solder is melted is 6 weight pereentage and_.below.

9. (Deleted) '

10. (Deleted) ,

11. Solder paste as defined in Claim 4, wherein said mdlum in alloy composmon
after the solder is melted is 6 weight percentage and below. _ ‘

12. A solder wire as defined | in Claim 5, wherem said indium i in alloy composition
after the solder i is melted is 6 weight percentage and below.

| 13. (Aﬁ\ended) An electronic component whose one of lead-frame surface and
electrode surface is coated ina way that indium in alloy composition after the solder is

melted is 6 weight percentage and below.

-~
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14, (Amended) An electronic circuit board whose copper (Cu) land surface is
~- -.coated in a way that indium in alloy compos_itioh after the so_lder_ is melted is 6 weight

‘percentage and below.



