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SPECIFICATION

SEMICONDUCTOR PACKAGE CONNECTING METHOD, SEMICONDUCTOR

PACKAGE CONNECTING WIRES AND SEMICONDUCTOR DEVICES

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a semiconductor package con-
necting method and, more specifically, to a method of connecting a
semiconductor package, such as a semiconductor chip, to a substrate by a
wireless bonding process, particularly, a flip chip bonding process or a
tape carrier bonding process, connecting wires for such a purpose, and
semiconductor devices fabricated by a process employing such a connect-
ing method.

Description of the Prior Art

A semiconductor package conmecting method using bumps formed by a
wire bonder and connecting materials for such a semiconductor package
connecting method are disclosed in Japanese Patent Laid-open No.
63-301535. This known semiconductor package connecting method uses a
fine alloy wire produced by quench solidifying an alloy containing Pb,
8n or In as a principal eiemént. The tip of the alloy wire is heated to
form a ball, the ball is attached to the wiring line of a semiconductor
package or a substrate, and then the alloy wire is pulled off the ball
to form a bump electrode on the wiriﬁg line. The semiconductor package

and the substrate are connected by means of such bump electrodes.
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Recently, aluminum alloys, such as Al-Si and Al-Cu-Si,'have
become used widelf as wiring materi§ls for semiconductor chips for their
capability of suppressing electromigration and of improving the reli-
ability of semiconductor chips. 1In attachiné the ball directly to the;
aluminum alloy wiring line of a semiconductor package of a substrate by
this known semiconfluctor package connecting method, the aluminum alloy
wiring line must be heated in a flux containing CuCl,, chlz,.NH“Cl,
SnCl, or HCl to remove an oxide covering the surface of the aluminum’
alloy wiring line, which requires an additional process and time and

increases the cost of the semiconductor devide.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to form a
bunp electrode by using an alloy wire produced by quench solidification
and to bond the bgmp electrode directly to an alumiﬁum alloy wiring .
line. |

In one aspect of the present invention, a semiconductor package
connecting method comprises steps of forming a ball of a Brinell hard-
ness number of 6 {hereinafter referred to as "HB 6") or higher by
heating the tip of a fine alloy wire produced by quench solidifying an
alloy containing Pb, Sn or In as a principal element, pulling the alloy
wire off the ball with the ball attached to an aluminum alloy wiring
line of a semiconductor package or a substrate to form a bump electrode
on the aluminum alloy wiring line, and connecting the semiconductor

package to the substrate with such bump electrodes.
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In another aspect of the present invention, a semiconductor
package connec¢ting material is a fine wire produced by quench solidify-
.1ng an alloy containing Pb, Sn or In as a principal element, and one or
some of additive elements, and capable of forming a ball of HB of 6 or
higher when its tip is heated.

Preferably, the alloy forming the fine wire contains one or some
of additive elements among Be, B, C, Mg, Al, Si, P, Ca, Ti, f, Cr, Mn,
Fe, Co, Ni, Cu, Zn, Ga, Ge, Se, %r, Nb, Mo, Pd, Ag, cd, In, Sn, Pb, Sb,

k~. Te, Ir, Pt, Au, T1 and Bi. .

In a further aspect of the present invention, a semiconductor
device comprises semiconductor pacﬂageé electrically connected to a
substrate by means of bump electrodes formed by heating the tip of a
fine alloy wire produced by quench solidifying an alloy containing Pb,
8n or In as a principal element, wherein the wiring lines of the semi-
conductor packages or the substrate are formed of éﬁ aluminum alloy, and
balls serving as the bump electrodes has a hardness of HB 6 or higher.

Preferably, the alloy forming the fine wire consists of a prin-
.¢ipal element and one or some of aéditive elements among Be, B, C, Mg,
A}, Si, p, Ca, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga, Ge, Se, 2r, Wb,
Mo, Pd, Ag, Cd, In, Sn, Pb, 8b, Te, Ir, Pt, Au, Tl and Bi.

The ball of the alloy of a hardness of HB 6 or higher destroys an
oxide £ilm of a hardness on the order of HB 6 and covering the surface
of the aluminum alloy_wifing line, and the ball and the aluminum alloy
wiring line are bonded metéllurgically by the diffusion bgtw;en the

fresh ball and the fresh surface of the aluminum alloy wiring line.
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BRIEF DESCRIPTION OF THE DRAWINGS

The abéve and other objects, features and advantages of the
present invention will become more apparent from the following descrip-
tion taken in connection with the accompanying drawings, in which:

Figure 1 is a longitudinal sectional view of a semiconductor
device in a preferred embodimeént according to the present invention;

Figures 2 to 5 are enlarged fragmentary longitudinal Qiews
showing steps of connecting a semiconductor package to a substrate; and

Figure 6 is a longitudinal sectional view of a semiconductor

device in another embodiment according to the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to Fig. 1, a semiconductor device A is of a so-called
flip-chip mount type constructed by disposing a semiconductor chip
{semiconductor package) 2 in the central area of tﬁe upper surface of a
substrate 1, electrically connecting the aluminum alloy wiring lines 2a,
i.e., wiring lines of an Al-Si alloy or an Al-Cu-Si alloy, of the
semiconductor ch}p 2 to those of the wiring lines la, i.e., Cu lines
plated with Sn or Bu, arranged on the upper surface of the substrate 1
with bump contacts 3b, and sealing the semiconductor chip 2 apd part of
the wiring lines la of the substrate 1 with a protective resin 6, such
as a silicone resin. The bump contacts 3b are formed previously by
bonding balls 3a formed by heating the tip of an alloy wire 3, i.e., é
connecting material, to the alloy wiring lines 2a of the semiconductor

chip 2 through a procedure shown in Figs. 2 to 5.
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The alloy wire 3 is formed of an alloy consisting of Pb, Sn or In
as a principal element, and additive elements and produced by a gquench
solidifying process. The alloy wire 3 may contain one or some additive
elements smong Be, B, C, Mg, Al, Si, P, Ca, fi, V¥, Cr, Mn, Fe, Co, Ni,.
Cu, Zn, Ga, Ge, Se, Zr, Nb, Mo, P4, Ag, Cd, Sb, Te, Ir, Pt, Au, Tl and
Bi. An alloy not containing Pb, Sn or In as the principél element may
contain Pb, Sn or In as an additive element. |

When quenched, many lattice defects are formed in the alloy
forming the alloy wire 3, minute crystal grains develop in an
unequilibrated phase to produce a forced solid solution of the component
elements. When the alloy is drawn to produce the alloy wire 3, lattice
defects are formed by work hardening, and the structure of the alloy is
solution-hardened by the additive elements.

As shown in Fig. 2, the alloy wire 3 thus produced is passed
through a capillary tube 4, and then the tip of th; alloy wire 3 is
heated with an electric torch 5 to form a ball 3a having a hardness of
BB 6 or higher. Then, as shown in Fig. 3, the capillary tube 4 is
lowered to attach the ball 3a formed at the tip of the alloy wire 3 to.
the aluminum alloy wiring line 2a formed on the semiconductor chip 3.
The ball 3a having a hardness of HB 6 or higher destroys an oxide film
coating the surface of the aluminum alloy wiring line 2a having a
hardness on the order of HB 12, and the ball 3a is bonded directly to
the aluminum alloy wiring line 2a by the diffusion between the new
surface of the ball 3a and the new sgrface of the aluminum alloy wiring

line 2a. Subsequently, as shown in Fig. 4, the capillary 4 is.raised to
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separate the ball 3a from the alloy wire 3 to leave the ball 3a as a
bump contact 3b on the aluminum alloy wiring line 2a. When the tip of
the alloy wire 3, namely, the ball 3a is heated, the unequilibrated
phase disappears and the crystal érains grow large in the junction of
the alloy wire 3 and the ball 3a to reduce the tensile strength of the
junction, so that the junction yields and breaks readily when the alléy
wire 3 is raised by the capillary. r

Then, as shown in Fig. 5, semiconductor chip 2 is placed on the.
substrate 1 with the bump contacts 3b attached to the aluminum alloy
wiring lines 2a in contact with the wiring lines la of the substrate 1,
and then heat and pressure are applied to the bump contact 3b to connect
electrically tﬁe aluminum alloy wiring lines 2a of the semiconductor
chip 2 and the wiring lines la of the substrate and also to bond the
semiconductor chip 2 to the substrate 1. Aithough the sphericity of the
balls 3b can be improved by heating the balls 3b in-the étmosphere of a
flux of a chloride or an iodide before placing the balls 3b in contact
with the wiring lines la of the substrate 1, the balls 3b may be at-
tached to the wiring lines la without causing then to refloﬁ.

Fig. 6 shows a semiconductor device A in another embodiment
according to the present invention This semiconductor device a is of a
so-called tape carrier bonding type, in which bump contacts 3b are
formed on the aluminum alléy wiring lines 2a of a semiconductor chip 2,
film leads 7 formed for example, by plating étrips of a Cu foll with Sn
or Au are bonded to the bump contacts 3b and the wiring lines la of a

substrate 1.
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In the foregoing embodiments, the aluminum alloy wiring limnes 2a
are formed on the semiconductor chip 2 and the balls 3a are bonded to
the aluminum alloy wiring lines 2a as the bump contacts 3b. The wiring
lines la of the substrate 1 may be formed of an aluminum alloy and the
balls 3a may be bonded to the wiring lines la of the substrate 1 as the
bump contacts 3b.

Tables 1 to 27 show the properties of.alloys in comparison with
those of controls in terms of the respective compositions of alloys
férming alloy wires, the ball forming property of the alloy wires, the
hardness of balls formed by heating the alioy wires, and the capability
of bonding to the Al-S8i alloy wiring lines.

The ball forming property is evaluated by the shape of a bail
formed by arc discharge between the tip of a sample alloy wire passed
through a ceramic capillary tube and an electrode disposed near the tip
of the sample alloy wire in an argon gas atmosphereféontaining 5 % in
volume hydrogen gas. In the tables, a circular mark indicates that the
ball has satisfactory sphericity and smooth surface morphology.

Thus, the present invention has the following advantages.

The ball of a hardness of HB 6 or higher formed on the tip of the
alloy wire produced by drawing a quench solidified alloy destroys an
oxide film coating the surface of the aluminum alloy wiring liné,_and
the ball and the aluminum alloy wiring line are bonded together metal-
lurgically by mutual diffusion between the new surface of the aluminim
alloy wiring line and the new surface of the ball, and hence the ball

formed on the tip of the alloy wire can be directly joined as a bump
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.contact to the aluminum alloy wiring line,

Thus, the present invention enables the omission of a step of
removing the oxide film coating the surface of the aluminum alloy wiring
line, which reduces time and cost for assembling the semiconductor
device.

Although the invention has been described in its preferred forms
with a certain degree of particularity, obviously, many changés and
variations are possible therein. It is therefore to be understood that
the present invention may be practiced otherwise than as specifically

described herein without departing from the scope and spirit thereof.
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Composition (% by wt.) Ball Formation Ha Bonding Property
Pb Sn|In}|Sb|iCulNi|BilZnjAg|AulPt|Pd]ithers

Balance | 2 0,540 05 1) 5 Bad ¥
Balance 1 .51 Q 5 Bad
Balanee ) .51 L8 O 5 Bad
Balance A 0.5)40.195 8.1 O 5 Bad
Balance 2 3t 3.3 O 5 Bad
Balance ? Lsjat 8.5 O 5 Bad
Balamee | 2 0.5]03 1.8 O 8 Good
Balamce A Ls|td i.§ O 5 Good
Balance pA 8.5)0.05 01 O 8 Bad
Balance 2 501 03 @] 5 Bad
Balaace ? .510.1 8.3 O 5 Bad
Batance 2 .5]0.5 L 0] 6 Good
Balsnce ? 0.5 L0 1§ ®] 8 Good :
Balance 2 .570 05 0.1 O 5 Bad '
Balance | 2 0.5]0.1 2.3 o 5 Bad
Balaace | 2 L5]0.1 05 O 5 Bad
Bilince | 2 2.5]0.5 10 o) 6 Good !
Balaace 2 510 L3 O 6 Good
Balanes | 2 0.5 L 81 O 5 Bad
Batince | 2 1.5 0.1 L3 o 5 Bad 2
Balenee | 2 0.5 01 0.5 O 5 Bad ﬁé’.
Balance | ¢ 0§ L5 1.4 9] 6 Good E&
Balance ] 0.5 Lo 1§ O 8 Good m——_T{
Belenes | 3 1.5 213 01 O 5 Bad —
Balamee | 2 0.5 8.1 L3 O 5 Bad %‘é
Balanee | 2 0.3 51 0.5 O 5 Bad —— 7
Balesce | 2 5 1.5 Ly o 6 Good =:
Balaace 2 0.5 Lt L5 O 8 Good g
Balance 2 g5 0. 05 0.1 o] 5 Bad
Balange H] %5 11 2.3 O 5 Bad -
Balanee 2 0.5 81 0.5 O 5 Bad
Balznce 2 05 0.5 L O 6 Good
Balaace 2 1.5 1.4 1.3 O 8 Good
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‘ T ab 1l e 2 h 3
Composition (% by wt.) Ball Formation Ha Bonding Property ”
Pb Sni{ln|Sb|CuiNijBi|[ZnjAg|Aul{Pt|Pd]0thers
Balance | 35 t bt o) 5 Bad -
Balance 5 3 4.2 O 8 Good
Balange | 3 § 1 45 O 6 Good
Balance 3 1 1.9 O 7 Good
Balance 5 i 1 1 O 5 Bad
Balancse 5 3] 62 2 @] 6 Good
Balance 5 BN 3 Q. 6 Good
Balaace 3 4 14 § O 7 Good
Balance 3 1 0.1 O 5 Bad
Balance 3 3 ¢ 2 @] 5 Good
B3lance 3 § 8.5 O 6 Good
Bafance 3 19 I g Q 7 Good
Batance ] { 6.1 l O 5 Bad ‘
Balaace 5 3 0.2 2 O 8 Good :
Balaace | 3 5 0.5 3 o) 6 Good |
Bataace § 19 [ 5 O 7 Good l
Balance | 3 8.1 i O 5 Bad
Balance H 0.2 3 O 6 Good
Balance i 8.5 § O 6 Good ._.._E.
Bilance | § 1.0 19 ) 7 Good — 2
Balance | 3 01 1 1 o) 5 Bad —_—
Balance | § 0.2 3 2 0 6 Good -———§
Balance § 0.5 5 3 @] 6 Good Eg
Balance 5 L1 10 § @) T Good ———
Balsnce | § 01 1 O 5 Bad -——-—g
Balance § t.2 3 )] 6 Good =§‘
Balance § 8.5 § O 6 Good a
Balange | § L8] 10 O T Good
Balance § 6.t 1 i o] 5 Bad
Balauce 5 0.2 3 ] C 6 Good
Balance H L5 5 3 O 6 Good !
Balaace 5 .01 10 5 O T Good
{
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Composition (¥ by wt,) Ball Formation He Bonding Property
Pb Sn|{In|{S8b|CulNi{BilZnjAg]Aul|Pt|Pd]jOlthers

Balance H 1 1008 2.1 O 5 Bad

Balince | § 3 101 .3 O 8 Good
Balance 5 5 |41 8.3 O 6 Good
Balauee 5 3 0.5 Lt O 6 Good
Balance H Tt 1§ Q 7 Good
Bataace | § 1 |L 2.4 Q 8 Good
Balanee § ISR 1] 0.t O 5 Bad

Batance 5 3101 0, 3 O 6 Good
Balance 3 F 141 0.3 O 6 Good
Balance 5 5 140.8 1. g O 6 Good
Balance § T AT 1.3 O 7 Good
Balance 5 1L .0 O 8 Good
Balance 5 1 10,95 &1 @) 5 Bad

Balance § 1101 8.3 Q 6 Good
Balange 5 5101 0.5 O 6 Good
Balance 5 § 705 L9 O 6 Good
Balance 5 T8 1§ O 7 Good
Batance § 1L 2.0 o) 8 Good
Balamce H 1 .03 0.1 O 5 Bad

Balante H 3 8.1 0.3 O 6 Good
Balaace 5 5 0.3 8.5 @] 1 Good
Balance § 1 01 L§ O 7 Good
Balanee 5 19 e 2.1 O 8 Good
Balance H 1 6. 05 i1 O 5 Bad

Balance | 5 3 8.1 .3 O 6 Good
Betance § 5 0.3 8.5 O 6 Good
Balanee § 7 0.1 1.5 o) T Good
Balugee 5 1t L3 i1 O 8 Good
Balames | § ! R H 6.1 Q 5 Bad

Balsnce 5 3 8.1 8.3 o] 6 Good
Balance § 5 L3 0.3 O ] Good
Balance 5 1 0.1 4 L3 O T Good
Balance H 1 Lo 3 2.1 O 8 Good
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Bonding Property
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Ball Formation
Pb Sn|In|8blCulNi|{Bi]Zn Ag|Au|[Pt|{Pd]Gthers
Balance 1t 1 i1 O 6 Good
Balance 1} 3 8.3 O 7 Good
Balzace 14 3 I &) 7 Good
Balance | 10 11 L3 O 8 b Gaod
Balance 19 { 81 1 O 6 Good
Balaace 1% 3 0.3 2 @] 7 Good
Balance 14 3 14 3 O 7 Good
Balance 14 19 1. § § O 8 Good
Balance 19 i 01 Q 6 Good
Balance 1t 3 8§ O 7 Good
Balanee 10 ] 1.4 O 7 Good
Balaace 14 4 {5 o 8 Good
Balance 14 1 0.1 1 O ] Good
Balance 19 3 0.3 2 O 7 Good
Balance 10 § 1.9 1 O 7 Good
Balance i 1% 1.5 5 o] 8 Good
Balance 10 1.1 1 )] 6 Good
Balance 1t 8.5 3 O T Good
Balance 10 1.0 § O T Good
Balance i 1.5 10 QO 8 Good
Balance 10 0.t 1 1 O 8 Good
Balaace ] 8.5 3 ! O T Good
Balanse 10 1.9 5 3 O T Good
Balance 1 1.5 1 3 O 8 Good
Balance 10 0.1 1 O 6 Good
Balance 10 8.5 3 O 7 Good
Balance 1 1.0 5 O 7 Good
Balaace | 10 L5) 19 O 8 Good
Balance 1t L1 l 1 Q 8 Good
Balance 12 0.5 i 2 O 7 Good
Balance 19 1.0 § 3 O T Good
Balance | 10 L5] 10 § O 8 Good
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Composition (¥ by wt. ) Ball Formation Ha Bonding Property
Pb SalIn|Sb|Cu|Ni|Bi|ZnjAg|Au|[Pt|Pd]0thers J
Balance | 10 'WEXE L1 6 8 Good "
Balaace 10 316t 1.y O T Good
Balance ] § (ot 0.5 O 7 Good
Balanee 18 3105 1.8 O 7 Good
Batzace 19 T L8 L3 O 8 Good
Balaace 10 LS 2.9 O 8 Good
Balamee | 10 1 j0.05 01 O 8 Good
Balaace if 3|01 .3 Q 7 Gaod
Balante 1 LR 0.5 O 7 Good
Balance 10 5 10,5 Lo O T Good
Balanee 19 TILe 1§ O 8 Good
Balance 19 10 §L3 PR O 8 Good
Balance 10 119,05 81 Q 6 Good
Balance 10 LN 0.3 O 7 Good i
Balance 10 §oiol 8.3 Q 7 Good
Balance 10 5 |03 190 O 7 Good "
Balanse § 10 T 1L 1% O 8 Good |
Balance 1 19 115 .4 O 8 Good ;
Balance 1t L 2. 45 61 O 8 Good 'éi |
Balance | 10 3 ! L3 0 7 Good m—
Balinee | 10 5 0.5 0.5 ) 7 Good ='§
Balance | 10 1 LY 15 0 8 Good — T
Baltace | 10 10 L5 2.0 0 8 Good __—_'—_-_;a
Balance it 1 .95 51 O 6 Good %g
Balaace | 14 3 i1 0.3 QO 7 Good —
Balrace | L0 5 1.5 0.5 o) 7 Good _—_—‘g;
Balance | 10 1 L4 L5 O . 8 Good “"‘“"g
Balance 19 ] L3 .t 18] 8 Good
Balance | 14 1 8. 05 8.1 O 6 Gooad ;
Balance 10 1 8.1 8.3 O 7 Good o
Bslance 10 5 5 0.3 e} 7 Good
‘1 8alance 11 1 1.0 1.§ O 8 Good
Salaace 10 19 L5 2,0 Q 8 Good

—————




T a b 1 e

"

&

Composition (% by wt.) Ball Formattion Hos Bonding Property
Pb SnlIn|{SbiCui{Ni{BilZnlAgl.AuiPt | Pdi{others

Balance | 30 1 01 O 7 Good

Balaacse i 3 0.5 o 8 Good

Balanee | 30 H L Q 8 Good

Balance | 30 1t L3 o] g Good

Balaace 30 1 6.1 ! C 7 Good

Balance 3t 3 83 2 Q 8 Good

Batanee | 30 j 1.1 3 Q 8 Good

Balance 3t 14 I.§ 5 O 9 Good

Balanes 39 t bt O 7 Good

Batanes 30 3 0.5 @] 8 Good

Batance H 5 1. ¢ O 8 Goad

Balance 30 It 1.3 Q 9 Good

Balance 30 1 9.1 t O T Good

Balance i 3 0.3 2 Q 8 Good

Balante 10 5 L1 3 e] 8 Good

Bafance 3 10 L5 H O] 9 Good

8alance 30 21 1 O 7 Good

Balance 3 0.5 ? O 8 Good

Balance | 30 0.7 5 O 8 Good

Balance 3 1. b 7 C 9 Good

Balance EY 1.5 19 Q 10 Good

Balence | 30 g1 1 1 O 7 Good

Balance 30 0.3 4 b/ O 8 Good

Balance i .t § 3 o 8 Good

Balance 30 L§ 10 § O 9 Good

- Balansce 3 1 0. 05 O 7 Good

E':E Balanze | 30 3 %1 e} 8 Good

oo Balaace | 30 5 Lo 0 8 Good

o % Balance | 30 it 30 O g Good

g Balance | 30 t 05| ! o 7 Good

(t‘;I) ::3;3 Balance | 3¢ 3 0.1 H 18] 8 Good

U o Balanse | 39 5 L0 3 O 8 Good

E Balance | 30 10 10 5 6 9 Good
2z
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Composition (% by wt.) Ball Formation Hs Bonding Property
Pb SnilIn|ShiCu|[Ni|Bi|ZnjAgiAu Pt |Pd]/0thers

Balance 30 [ |0.05 81 O T Good

Balanes 10 141 8.3 O 8 Good

Balange 3 R A 13 O 8 Good

Balznge i i 143 1.8 o 8 Good

Balance 30 T L I3 Q 9 Good

Balauce 30 L3 .0 O 14 Good

Balance 3t [ ] 0.1 O 7 Good

Balance 3 3 op0t 0.3 o 8 Good

8alance 30 § 0L 8.5 O 8 Good

Balaaee 30 § 105 ] O 8 Good

Balance 30 T L8 {35 Q 9 Good

Balance 30 10 ] L5 2. ¢ ] 10 Good

Batance 1t (S} i1 O 7 Good

Balance 10 3 [0l 6.3 O 8 Good

Balance 30 5 101 8.5 O 8 Good

Balanee 3t 5 14,5 1.9 O 8 Good

Balagce 30 T L8 L5 O 9 Good’

Balance 31 190 |1.5 0 O 10 Good

Balange 30 1 0.5 01 Q 7 Good

Balaace | 30 3 9. | 6. 3 O 8 Good

Bafance 30 § L3 0.5 O 8 Good

Balance 3t 1 1.0 1§ Q 9 Good

Balance i 11 L3 2.0 @] 10 Good

Balange 30 { 0. 05 0.1 O Kf Good

Balance | 30 3 81 g3 Q 8 Good

Balance 30 5 1.3 8.5 O 8 Good

Balance 30 1 L L5 O 8 Good

g Balance 3 11 1.3 .1 Q i8] Good
w9 Balance 3 1 9. 05 0.1 O 7 Good
o Balanee | 30 3 01 0.3 o 8 Good
e Balunee | 80 5 . 1.5 o 8 Good
g.,’% Balance 3t T Lt L O 9 Good
U;l Balance | 30 1 L5 2.0 O 11 Good
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T a b 1 e 8 +
Composition{(% by wt, ) Ball Formation Ha Bonding Property ‘
Pb Sn|In}S8b{Cu|Ni BijZn|Ag|{Au|Pt}|Pdi{o0thers . :
Balanee {1 1 81 o) 8 Gaod
3alance it 3 1.3 O g Good
Balance i ] LB O g Good
Balance {0 18 L3 O 19 Good
Balance it 1 i1 1 O 8 Good
Balance {8 3 8.3 H O 9 Good
Balanee 1t H 1.4 3 O 9 Good
Balanece {0 12 i3 § O 14 Googd
Balance {0 l 8.1 Q 8 Good
Balance i 3 8.5 O 9 Good : \
Balancse 1 5 ] O 9 Good ' \
Balange i 10 1.3 O 1] Good . i
Balaace i 1 8.1 { O 8 Good b §
Balance | 40 3 0.3 2 o 9 Good ; |
Balgnee i § 1.8 3 O 9 Good
Balaage 49 1t 1.3 § Q 1 Good ; f
Batange o i 1 O 8 Good f
Balagee i 8.5 2 O 9 Good
Balance { {0 8.1 3 O 9 Good e
Balance it L i O 9 Good —
Batanee | 40 1.3 10 o 10 Good ﬂé‘f
Balance | 49 0.1 I 1 O 8 Good —
Balanee | 40 0.5 2 2 3 9 Good ___--"—"-r_;g
Balanee | 49 1.4 5 3 ®] 9 Good ===
Balance | 10 135 19 ; %) 10 Good —
Balance | 40 1 0. 05 o) 8 Good m'g;
Balanee | 4 3 81 O 9 Good _*&
Balanes i) H Lo O 9 Good
Balange 44 it 3.0 O i3] Good
Balance i1 0. 05 1 O 8 Goaod
Balance 4 1 A 2 Q 9 Good
Balange £} H .2 3 O 9 Good
Balance 40 1 3.4 5 O it Good
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Composition (% by wt.) Ball Formation Hs Bonding Property

. P.b SnlIn|S8Sb|{Cu|Ni|Bi|Zn|Ag|Au Pt |Pd]Others

Batance 18 1 j0o5 i1 O 8 Good
Balance it N A 0.3 O 9 Good
Balagee | i iju 63 Q 9 Good
Bzlance | {0 7 |03 L3 @) 9 Good
Balance i Tl 1.3 O 9 Good
Balanee 1 14 | L3 1.4 ] 5] Good
Balamee | 40 1 18,95 .1 O 8 Good
Baiante 19 LA 0.3 O 9 Good
Balance 1} 3 {01 b3 Q 8 Good
Balance {0 510§ L O 9 Good
Bulance i T 1LY 1.5 O 9 Good
Balance 10 10§13 2.0 O 19 Good
Balance i [ | 005 0.1 O 8 Good
Balance {0 3]0 0.3 O 9 Good
Balanee 4 5101 0.5 O 9 Good
Balaace {1 § 105§ 1] O 9 Good
Balance 49 T 1LY L5 O 9 Good
Balance ) 10 L3 .8 @) 10 Good
Balance i ! 0. 05 LA O 8 Good
Balance i 3 0.t 8.3 O 9 Good
Balance it § 0.3 1.3 O 9 Good
Balzace 4t 1 Lt 1§ O 9 Good
Balance i 1) L§ 2.9 O 1 "Good
Balzuee | 4 i 805 t1 Q 8 Good
Batagee it 3 01 0.3 O 9 Good
Balanmce {1 § 1.5 8.5 Q g Good
Balance | 48 1 LY 1§ O .9 Good
Balanes 4 14 L§ 2.9 O 10 Good
Balance {8 1 0. 05 01 Q 8 Good
Balanee i 3 n1 g3 O 9 Good
Balance { H 1.3 8.5 O 9 Good
Balance i 1 Lo LS Q g Good
Balance i 10 L§ 2.0 O 14 Good
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Composition (¥ by wt.) Ball Formation Ha Bonding Property
Pb SnijIn|{8Sb|Cu|Ni|BilZnjAg|Au|PtiPdl@thers >
Balanee | 350 1 L1 0 19 Good
Balanee 50 3 8.5 O 10 Good
Balanee § § 1.0 O 11 Good
Balance 58 18 .3 Q 1t Good
Balanse 50 t 0.1 1 O 14 Good
Balince t1] 3 9.3 ? O 14 Good
Belanee 50 3 1.2 3 O 1t Good
Balance i 10 L5 5 Q i1 Good
Batanee 50 { 81 O 10 Good
Balanee 30 3 0.5 Q 10 Good
Balance 50 § Lo O i1 Good
Balance 50 10 1§ Q i1 Good
Balance 5t l 8.1 1 @] i Good
Balance 50 3 8.5 2 O 10 Good
Balance 50 5 1.0 3 O i1 Good
Balanee . 58 1 L35 5 QO 11 Good
Balance i L1 { O 10 Good
Batzace | 50 8.5 2 O 10 Good
Balance ] 0.1 § Q 14 Good E—
Balaace 50 L 7 O 11 Goaod —
Balance 50 1.5 " @] 11 Good ]
Balanee 5t 01 1 t @] 10 Good —
Balance | 50 L3 1 2 O 1 Good —_—
Balance | §9 L0 5 3 o) 11 Good ——
Balance | 30 L5 19 5 o 11 Good —
Balance 56 1 I H O 1 Good
Balanee 30 3 b1 O ¥ Good
Balante 50 $ 18 @] 11 Good
Batlance 50 1 3.0 O 1 Good
Balance 58 1 I H 1 O 19 Good
Balance 50 3 &t 2 O 11 Good
Balance 57 § 1.9 3 Q 11 Good
Batance 50 1 3.0 ] O 11 Good
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T a b 1 e 11
Composition (% by wt.) Ball Férmation Ha Bonding Property
Pb SniiniSh |Cu|Ni|Bi|Zn;Ag|Aul[Pt|[Pdidthers
Balanee 50 1 1805 8.1 O 14 Good
Balaace 30 3101 8,3 O 18 Good
Balzace 58 5 (41 8.3 O 11 Good
Balznce if § 103 LB Q 151 Goad
Balangs 3% T 1LY 1.3 O 11 Good
Balsnce 58 1 1L e O t1 Good
Balence 54 1 J0.985 g1 O il Good
Balance 3 310l 63 O 18 Good
Balznce i 5 10t 1.5 O i1 Good
Balzate 50 i J83 1.4 O 11 Good
Salance 3 T (L 1§ O 11 Good
Balznee 30 4 {Ls 2. o 11 Good
Balance 59 1 1895 8.1 @ 14 Good
Balance 30 3|0t 9.3 O 10 Good
Balznce 50 5 101 .5 O 11 Good
Balance 50 5§ 10.5 Lo O 11 Good
Balaace it T 18 L§ O 1 Good
Balance 59 10 1 L35 2.0 o {1 Good
Balance 50 1 8. 45 9.1 O 1 Good
Balance 54 3 0.1 g3 O 10 Good
Balance 50 § 09 8.5 O 11 Good
Balaace | 50 i L1 1.5 O 11 Good
Batance | 59 10 )] 30 O 11 " Good
8alance 5b 1 005 6.1 O i Good
Balanee 50 3 61 0.3 O 18 Good
Balance 50 H 8.5 0.5 ¢ 11 Good
Bzlance 50 1 .8 L§ O U1t Good
Balsace | §4 i 1§ .1 O 11 Good
Batazce | 50 ! 8. 05 3.1 O 1 Good
Balance | 5@ 3 .1 0.3 G- it Good
Balance 50 5 0.5 0.5 O 11 Good
Bzlance 50 7 Lt 1.5 O 11 Good
Balanee | 50 13 1.3 .8 O i Good
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{ T ab 1l e 12 f
Composition (% by wt, ) Ball Formation Hs Bonding Property

Pb Sn In|SbiCu(NilBi|ZnjAg|Au|PtiPd]|0thers

40 | Batance 1ot O 1t Good
i | Balance 3 0.5 O 19 Good
i § Balante § 1.9 O 11 Good
14 | Balamee 18 1§ O 12 Good
40 | Balance { 8.1 1 O 14 Good
40 [ Bafance 3 0.5 2 ) 18 Goad
{% | Balance H 1.8 3 @] i1 Good
10 | Balznce 14 Li 5 @] 12 Good
i | falance f 6.1 O 19 Good
10 | Balange 3 0.3 O 10 Good
10 | Balance 5 ] O 11 Good
{0 | Balance 10 .5 O 12 Good
10 { Balance { 6.1 i O 18 Good
{0 | Balaace 3 9.3 2 @] 10 Good
40 { Balznce 5 I 3 O t Good
{0 | Balance 10 L35 5 O 12 Good
{9 | 8alance 8.1 1 O 19 Good
19 | Balanece 0.5 ] @] 10 Good
40 | Balance 0.1 H e 11 Good
40 | Balanee I ¢ 1 O 11 Good
il | Balzage 1.5 11 O 12 Good
4% | Balance 01 { i ] 19 Good
10 | Balanes 2.3 3 1 O 1 Good
40 | Balange I 9 ] 3 O It Good
{8 | Balance 1§ 14 § O 12 Good
10 | Balzuzge { 0. 05 O 1t Good
40 | Balance 3 0.1 Q 10 Good
40 | Balznce 5 L9 O i1 Good
40 | Balance 19 . O 12 Good
40 ] Balance ! 015 { O 18 Good
40 | Balzgce 3 8.1 2 O 18 Good
40 | Balanee 5 L 3 Q 11 Goad
40 | Balance 10 3.0 H O 12 Good
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T a b 1 e 13
k3
Composition (% by wt.) Ball Formation Ha Bonding Property
Pb Sn In|8Sb|Cu|Nii{Bi|Zn|AgjAu]|Pt|Pd]|Others
40 | Balance 1005 i1 O e Good N
44 | Bstapee oLt 8.3 O 10 Good
{8} 8alance 30l 8.3 ] 11 Good
it | Balance 3105 ] 0] i1 Good
48 | Balzace [ L3 6] 12 Good
W} Balance LS 31 O 12 Good
40 | Balanes 1 1805 8.1 O 10 Good
10§ Babanee 3141 0.3 @] 10 Good
{0 | 8alamee RN 0.3 C i1 Good
40 | Balznce § 1835 L9 O t1 Good
40 | Balance TILY 1.3 O 12 Good
{0 § Batance LS .4 O 12 Good
40 | Balauce I (0,05 6.1 O 1 Gaoaod
§t ] Balamce 310t .3 O 19 Good
40 | Balance 5101 8.5 O 11 Good
40 1 Balance 7108 L O i Good
{0 |} Balance T e L3 (8] i2 Good
40 | Balance 1 |Ls .0 O 12 Good
10 | Balance 1 0035 0.1 Q 10 Good
40 | Balanee 3 01 2.3 O 10 Good E
40 | Balance § 0.5 0.3 Q 11 Good —
{0 | Balance 1 1. ¢ L3 @] 12 Good —
10 | Balance 1 1§ 2.4 o) 1 Good ———
10 | Balance 1 0,05 1] 0 10 Good —
40 | Balance 3 81 T o) 1 Good i
40 | Balance $ .5 9.5 O 11 Good ———]
40 | Batanee 1 L0 b2 O 12 Good '
{0 | Balance 14 1§ 9 O 12 Good
{1 | Balance { 8, 05 6.1 O it Good
40 | Balance 3 21 8.3 O 19 Good
49 ) Batance § 0.5 B.% O 11 Good
40 | Balanee H Lt L3 O 12 Good
40 | Balance 14 L5 2.0 O 12 Good




T a b 1l e

o

14

-

HOVIdHY
Nd8 SYH L38HS SIHL

a

]
Composition (% by wt.) Ball Formation Hs Bonding Property
Pb Snjlan|SbjCulNi|Bi|ZnjAg|AulPt|Pd)]ojhers ’
Balance | 2 .100.01]0.01 o) 5 Bad °
Balance 2 0,38 837003 O 5 Bad
Balance 2 8.510,05] 8 83 O 8 Good
Balance 3 piledriom O 6 Good
Balznes 2 .3]6.9831 007 O 8 Good
Balanee 2 Lejas j0.3 O 7 Good
Balzace 2 31000148 0t §. 0! O 5 Bad
Batance 2 B.514.0374 03 ' H Q 5 Bad
Balance 2 h.310.851 0105 8.1 O 6 Good
Balance 2 0.510.3 {03 L0 O 7 Good
Balzace 1 .3} ety 0.01 b o3 O 5 Bad
Balzace 3 0.518.05)0 495 B3 O ] Good
8alance 2 0.3103 [0.5 0. 05 & 7 Good
Balance 2 L6 0l 001 8.3 O 5 Bad )
Balance | 2 0.5{0.05]0.05 0. 05 0 6 Good {
Balamee | 2 0.5)05 |03 3.3 O 7 Good ‘
Balzace 3 .18 80100 O S Bad :
Balance 5 0.570,03]8 01 O 6 Good
Balance 5 LO]6.085]4005 C 6 Good ...__——-%1
Bilinee | 5 3.0 0.01] 0,07 O 7 Good — 2
Bileace | 3 50000900, o) 7 Good ——F4}
Balaace § L0105 [0.5 Y 7 Good =—§
Balance | 5 1.0 L0 {12 Q 8 Good Y
Balance | § g1l 0fe Lo o 8 Good —
Bulance | § Lofot fuot 5. 0 0 8 Good 55
Balinee | 5 L00.4 (0.4 10, o /o) 9 Good —
Balance | 3 IXINEEY) 30,9 o} 0 Good &
Balasee | 5 §. 017041 01 O 5 Bad
Balance 5 2034007 8.5 O 8 Good
Balanee § 0.085]0.05 L O 6 Good
Balagee | 5 50770, 0% 2.9 O 8 Good
Balzace 5 1 ]01 3t O 7 Good
Balance 5 .2 (0.2 410 O T Good
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T able 15 -
Composition (% by wt.) Ball Formation H. Bonding Property
Pb Sn|In|Sb{Cui{Ni|[BilZnlAgiAui{Pt]Pdl0thers

Balanee | 3 LY L@ 89 ' '®) 8 Good
Belange j Lljestiom 0. 35 O 5 Bad

Balange 3 LO10.0510.05 0.3 O 6 Gaod
Balaace j 100185 {40.5 5.3 O 7 Good
Balznce 3 Lriaet)ost L4 O 8 Good
Balzace 5 Letotr ot 3.4 @) 8 Good
Batange 3 LOj0Y jad 16. 0 O 9 Good
Balznce i o)L | LY 36, ¢ O 0 Good
Batance 3 81100114 0t 1§ O 6 Good
Balance 3 Lojotl ot i ] 8 Good
Batance 5 Lola1 Jo.d 10, § O 9 Good
Balanee 3 10,0100 118 30. 9 O 0 Good
Belance 5 g.1]0.01] 400t 9] O 6 Good
Balance | 3 Lefot jot 5.0 0] 8 Good
Balance H L0104 |08 10. 4 O 9 Good
Batance 3 1041 L0 LD 0.0 O 0 Good
Balaace | 10 9.01] 0,99 0. 01 Q g Good
Balance 18 .0510 10 0.1 O 6 Good
Balance 10 .1 10,2 Lo O T Good
Balance 10 .2 |62 29 O T Good
Balaace 18 0.5 |05 50 ] 9 Good
Balanes 1) .3310. 01 8.0 O 9 Good
Balance 10 0.01]0.9% 2.4 O T Good
Balanee | 10 0.0940. 10 8.1 O 8 Good
Balance | 10 2 (0.3 0.3 O 7 Googd
Balance 10 0987001 1.9 O 8 Good.
Balance | 1 .1 a1 &1 . O 7 Good
Balaace | 10 0.5 0.5 10 o) 8 Good
Balance 10 oot L1 O 7 Good
Balaace 19 .5 0.5 1.1 O 8 Good
Balance 10 .110.81}40 01 Lo (e T Good
Balance 1% .o 2 |02 5.0 O 8 Good
Balange 10 Lejod Jod 10. 0 Q 8 Good
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T a b 1 e 18
Composition (% by wt, >} Ball Formation Ha Bonding Property

Pb Sn|[In|{Sb[lCulNi{BilZn|AgiAuitPt|[Pdjithers

Balance 14 Lijd iy IR o 9 Good
8zlance i WeLe 0 30.0 O 10 Good
Balange 18 Lijodilad 1.0 O 7 Good
Belznce 10 Lete? 142 5. 0 Q 8 Good
Salznce 10 Litad 0.4 10. 8 O 8 Good
Balance it Lped (4l 10.¢ O] 9 Good
Balance 14 100309 L6 0.0 O 16 Good
Balanee i{ i ata gt {8 @ 7 Good
Balaace 19 Ll (6.2 5.0 O 8 Good
Balanee 10 Lejad )4 10. 8 QO 8 Good
Salance 1 LR d jd 0. 0 O g Good
Balznce 1] HAREN RN 3.0 i 0] 10 Good
Balancs 10 018014001 Lo @] T Good
Batanee 10 Lofo? o2 5.0 Q 8 Good
Balance | 10 Lyl o 19,0 ©) 8 Good
Batanee | 10 LU0 4 (o d 10. ¢ O 9 Good
Batance 19 Wej{Le | LD 30. 0 O 10 Good
Balance 1§ R1joarfg o 19 O 8 Good
8alance 15 Leja.2 [4.2 5.9 O 9 Good
Brlance | 13 ISIEEBLE 18,9 O 9 Goad
Batanee 15 L0 d ol 19. 0 O 10 Good
Balance | 1§ 1wojLe j L8 3.0 QO 11 Good
Batance | 2B g.1]0.01}0.01 1.0 Q 8 Good
Balange 2 Leje? |62 5.1 O 8 Good
Belance | 20 Lajo.4 [0l 10. ¢ O 8 Good
Balance 20 Loled (0.4 1.4 O 11 Good
Balance 20 oLy {L¢ .8 O 12 Good
Balznee | 320 tLrjeatfe ot 1.9 O 8 Good
Bafance | %0 L0fo.2 |02 5.0 O 9 Good
Belemee | 24 Lijod |od 10. 0 O 9 Good
Batznce | 2§ Lojod ot 4.0 O 11 Good
Balanes | 39 nejLe jLe .00 @] 12 Good
Balanee 1 Lijnetjoel Lo O 8 Good
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Composition (% by wt,) Ball Formation Ha Bonding Property
Pb|Sn|In|{SbjCulNi|Bi|2n|Ag|Au|Pt|Pd]|0others
Raiszncd 2D Lolne 16 50 9] 9 Good
Batancg 10 Lo 4 J48.d Ity 0] 9 Good
Balsnce 20 L0404 10. 4 O 11 Good
Batancy 18 g Ly (L 30. 0 o 12 Good
Balznce 20 g.1108010. 81 1.0 O 8 Good
Batance 20 Lalg? 142 5.4 O 9 Good
Batance 24 Lejey g 10. 4 o] 9 "Goad
Batznes 28 Loty JRd 10. 8 Q 11 Good
Salznee 10 1oLy jLD 30. 9 O 12 Good
Balance 38 g, 8118 99 0.1 @] 7 Good
Balznce 38 b1 j82 83 ) T Good
Balance 30 8.3 (8.4 L O 8 Good
Balancd 30 0.4 (0.3 {8 O 9 Good
Salancd 30 8.4 0.3 L1 O 9 Good
Bztance 30 3 19,4 L0 O 9 Good
Balance 30 85 103 51 O 1 Good
Balance 34 6.9 149 19. 9 O {1 Good
Balzace 34 1ot g 01 O 7 Good
Balancg 30 0.2 103 1.1 Q 7 Good
Balancg- 30 (S 33 O 9 Good
Bataned 30 0.8 0.3 L O 19 Good
Balanceg 30 6.1 (4.1 0.1 Q 7 Good
Balznce 30 .5 |05 L O 9 Good
Balancd 30 L1t 1 0] 7 Good
8alance 3¢ .5 |83 1.8 Q 9 Goad
Balames 44 8.9110.99 f.1 O 10 Good
Balange &9 1101 85 O 19 Good
Balance 44 .3 104 30 O il Good
Balancy 40 f.4 {05 1 O i1 Good
Balaaced {4 0.4 14.3 L1 O {1 Good
Balaned {1 8.5 103 L0 C 1 Good
Balancel 40 6.5 {05 41 O 11 Good
Balancey 43 0§ |05 5.0 O 11 Good
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T a bl e 18 ’
Composition (% by wt.) Ball Formation Ha Bonding Property
PbiSnjlIn|Sb|lCulNi|BilZnjAgiAu]Pt|Pd]|0thers
Batancy 40 Li |03 L 9] i1 Good
Balancd {0 8.9514.01 .4 (8] 11 Good
Batencd 40 6.1 a.81)6 4t Le O 19 Good
Baleaced {0 Lejot jot it O 14 Good
Balancg 4§ L0 4 184 10. 9 Q i1 Good
Batzned 4 Lojad 1o 1. ¢ O 12 Good
Belzneg 10 Ly g 30. ¢ @] 13 Gaod
Balancy 61 Lijoories Lo O 11 Good
Balznce 64 Lotet 148t EW ] O 12 Good
Balanee 60 L0104 6.4 190 O 13 Good
Balance 60 Lipad 164 19,8 O 13 Good
Balance 68 10.014.8 { L8 g O 14 Good
Balance 89 g. 110018 01 | Q H Good
Balance £4 Lojat ot 50 )] 12 Good
Balance &0 Lojod 0.4 10. 9 O 13 Good
Balance 690 L0104 (0.4 10. ¢ Q 13 Good
Balance 60 1.0 LY | L8 30. 0 ] 1 Good
Balance 61 0.170.0114 01 1o o i Good
Balineq 64 Lot ool 5.8 O 12 Good
Balancs 610 LOPg 4 {84 10 0 O 13 Good
Balaace 60 Lo0p04 (0.4 10 O 13 Good
Balancd §9 810 L 6.0 @] H ‘Good
Balance 61 0,110,000, 01 L& O 11 Good
Balance 60 LAt (01 50 O 12 Good
Balance 64 Lejhy ot . O 13 Good
Balance &4 L0104 j 0.4 0.0 - Q 13 Good
Balance 60 .01 L8 (L8 0.0 O 14 Good
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T abl e 1% (
Composition (% by wt,) Ball Formation Ha Bonding Property
Phb SnilniSbiCuiNi|Bi|ZnjAg|{AujPt]Pd
$0 | Batancey 1 jbt i1 O 1t Good
10 | Balancy 0410, 9¢ 8.1 O 12 Good
10 | Bzlancy &1 j0.8 8.3 Q 12 Good
10 | Balance .3 14,8 3.0 O 13 Good
10 | Balanes 0.4 |03 L ] 13 Good
10 | Balance 0.5 (0.3 1.0 O 12 Good
10 ] 3alznee 0.5 (0.8 L0 Q 13 Good
$9 | Balanee s 101 .0 O 12 Good
18 | Balance 0.6 [48.1 L3 O 12 Good
10 | Balaney 0.8 {0.3 1.0 O 13 Good
10 1§ Batanee .8 1017 I ] O 13 Good
{0 1 Balaney .7 1.1 8.6 O 12 Good
10 | Bataneq 0. 3914 81 19,0 O 12 Good
Balancy L0 O 12 Good
Bataace g1 |69 {8 O 1 Good
Balaned 0.4 10,8 10. 9 O 14 Good
Balance 0.5 (0.3 O 13 Good
S1lance .7 {43 O 13 Good
Balange 1.0 O 12 Good
B1laacy 2.t o] 12 Good
Balance 21 O 12 Good
Balance 0. 81 O 10 Good
Balanes 01 < 14 Good
Balaned 1.t O 12 Good
Balancy 5.0 Q 12 Good
Balaace 10, ¢ O 13 Good
Balance 29. 0 O - 15 Good
Balance 8. 91 O 10 Good
Balancy 8.1 O 1l Good
Balance Lo O 12 Good
Balanee ] @] 12 Good
Balanee 10. 0 9 13 Good
Batance 20, 0 O 15 Good

Il
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T a bl e 20 i . o
®
Composition (% by wt,) Ball Formation Hs Bonding Property
Pb Sn|In}|Sb|Cu|Ni|Bi|j2n]AglAujPt|Pd

Baiznee 0 01 o) 10 Good =

Satanes 0.1 O 0 Good

Jalance L g O 12 Good

Balance 8.4 O 12 Good

3elence 10, ¢ Q 13 Good

Jalancy 20. 0 O 15 Good

EPRETYY g 0t o] 18 Good

dalance 81 o 1h Good

Balzac (W] (@] 12 Good

Bzlance E | O 12 Good

Balzace 19. ¢ Q 13 Good

Jaitncy 20, 0 O 15 Good

Balancy 0. 0t 8.41 @) it Good

Balance 81 0.1 o] it Good

Balaney gt [0 O 12 Good

Balane .0 3.0 © 13 Good

Balancy 2.4 a8 O 4 Good

Balanee 3.0 5.8 O 15 Good

Batancy 40 5.0 O 15 Good

Balaney 5.0 1.9 Q 16 Good o

Balaney 5.4 19. 9 O i1 "Good —_—

Baliace 10. 9 20. 0 e} 20 Good ——
S

Balaney 8. 01 9. 81 Q 11 Good ——

Balancq 8. 1 9.1 O 11 Goad ag
———

Balzace 1.0 /I ; @] 12 Good -*--—-S,d
— O

Balaacd 3.0 5 0 O 14 Good —

- S—

Balance 5.1 10, ¢ O 17 Good — )
kA

Balance 0.8 20. 0 @] Al Good Se—

Balangy 0.0 801 e 11 Good 8._

Balanes 0.1 01 O i1 Good

Balaney Lt Lt O 12 Good

Balance L0 5.8 O 14 Good :

Balance 5.0 10. 9 O 11 Good |
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T a b l e 21
Composition (% by wt.) Ball Formation Ha Bonding Property
Pb{Sa |{In{Sb|Cu|[Ni|[Bi|Zn|Ag|Au|Pt|Pd] P
Balancd 10, ¢ i 20, 4 o) 21 Good
Szlance &0 8. 081 Q il Good
Balaace 6.1 6.1 O 11 Good
8alance LB il O 12 Good
Balenee 3.0 5.0 O 13 Good
Balznce 5.0 | 19, 0 O 17 Good
Batanes 10. 9 | | 20, ¢ 0O 20 Good
82lanee 6811091 O 10 Good
Balance Lt j8t O 19 Good
Balance 0.3 {10 | O 12 Good
Balancy 0.5 138 | o) 12 Good
Balance L0 |38 O 13 Good
falancq 3.0 |50 O 13 Good
Balance L0 100 @ 1§ Good
Balaace 1.0 20,90 O 20 Good
Balanee 8.0t [ 0.01 5. 800t O 10 Good
Batanee 0.t {19 (AHH O 11 Good
Balancd .2 150 8. 025 O 12 Good
Balaney 3.8 q10.¢ 81 o] i Good
Balaace 0. 01 841 (@] 10 Good
Balagey Lo 1.0 Q 12 Good
Balaacy 30 i @] 13 Good
Balaneg 10. 0 10,0 o 2 Good
Balance 8. 41 0. 01 0. 0001 Q 10 Good
Balancy gt L¢ 8. 005 O 11 Good
Balaacy 8.2 3.0 9. 025 O 12 Good
Balance .9 19. 8 9.1 O 14 Good
Balaneg 0. 01 t. 41 O 18 Good
Balaaced 1.8 Lt O 12 Good
Balzned 3.0 5.0 @) 13 Good
Balance 10, 8 24, ¢ 6] 20 Good
Balane 0. 01 0. 0t 0. 2001 O 10 Good
Balaaey 0.1 1.0 0. 005 O 11 Good
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T a b 1l e 22 N
Composition (% by wt,) Bal! Formation Hs Bonding Property
Pbi{Sn In|Sbicu|Ni|BI ZnlAglAul[PtipPd P . . i
Balaney h2 38 8 925 O 12 Good
Balaney .8 10. 4 6.1 O H Good
Balaney 8. 01 0 6t Q 19 Good
Balanee 10 i O 12 Good
Balanee 3.0 5. 8 O 13 Good
Balance 10. § 20. ¢ O 28 Good
Balancy 4. 01 8. 017 6. 0001 o 1% Good
Baladeg 8.1 L8140 005 O 1 Good
Balanesy 8.2 3.8 10,025 O 12 Good
Balance 3.0 Wi jet O IR Good
Balance D016 0t 8. 01 O 11 Good
Balanee 6.1 ]0.1 81 O 11 Good
Balanes L1 6t L1 O 12 "Good
Balaacy L3 [05 K] @) 13 Good
Balaace 20 |07 5.0 O 14 Good
Balaney L0 L 50 O 15 Good
Balaney LY [ L 5.1 @] 1§ Good
Balancy 5.0 [ Lo [ O 17 Good
Balaneq IEXEEY 14. 0 O 18 Good
Balance 1.0 [0 20. § O U Good
Balanee RN .01 O 11 Good
Balaned 8.1 0.1 0.1 O 11 Good
Balance LY J0.5 LB O 12 Good ;
Balance L0 |1 5.0 0] 14 Good —
Balance 5.0 {13 10, § @] 13 Good E:%
Balance 10.0 |20 20. 0 O 2 Good — T
Balaneq 001 ] 001 XN 0 i Good =_§
Batance b1 |6t 81 O 11 Good §
Balaney Lo |05 Lo O 12 Good —
Baligee 30 L0 5.0 o 1 Good )
Balance 50 fLS 18,9 @] 13 Good 15
Balaucd TXEEY) 20, 0 o) 2 Good o
Balance 0.0144. 01 0.0t O 11 Good




( Table 23 ¢ p
Composition (% by wt.) Ball Formation Ha Bonding Property y
Pb|S8n In]Sb|Cu |Ni}|BijZan|Ag|{Au|[Pt|Pd
Balance RS A | .1 O 11 Good &
Balanee .4 |45 L O 12 Good
Balance L0 Lt 50 G 14 Good
Balance 5.0 [ L3 14. % O 18 Good
Balaned 1.0 12 24, ¢ O 24 Good
Balance g 01 g 01 b4l O 11 Good
Balance 8.1 0.1 8.1 O 11 Good
Balanes 8.1 8.1 it O 12 Good
Balance L 0.5 3.8 o] 13 Good
Balance 2.0 0.1 3.0 0] t Good
Balance .8 Lo E O 15 Good
Balance L8 1.0 3.0 e 16 Good
Balaney 5.9 L9 i O AT Good
Balance 5.0 1.0 10. 0 O 18 Good
Balance 14. ¢ 2.8 20 0 ] 4 Good !
Balanee 8. 81 9. 901 6. 01 ®] 11 Good
Batanes 0.1 1.1 01 O 11 Good
Balance 01 8.1 L0 Q 12 Good
Balanes Ly 1.5 3.0 o 13 Good =
Balance 2.4 0.1 5.0 0 14 Good —
Balancy 390 110 50 ®) 15 Good Eg
Balaac &0 L0 5.0 o) 16 Good —
Balanes 5.0 10 70 o) T Good E?
Balance 5.0 L0 19. 0 o) 13 Good E’?
Balance 10. 9 20 201 O U Good R— ]
Bilineq 0 01 201 001 0 11 Good —S.
—
9 Balance g1 8.1 1.1 O 11 Good =8
% Balance L1 .1 L 0 17 Good i
:’?, (,mq Balanee Lo 0.5 3.8 O 13 Good '
9 ?”1 Balance 2.0 g.1 5. 10 O 14 Good !
5o~ Balznee 30 10 .4 O 15 Good |
g Balancy L9 L9 5. 0 o 1§ Good ;
R Balaned 5.0 Lt 1.0 o 11 Good |
o s
>
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T able 24 {
Composition (% by wt,) Ball Formation Hs |Bonding Property
Ph Sa|lniSb|Cu|Ni[BijZnjAg|Au|Pt|Pd P
Balancd 59 o 11,3 O 14 Good
Salance 10. 9 2 20. 0 @] 24 Good
Batance .01 8.0 .01 O it Good
Balancy g1 il §.1 O i1 Good
Bafance 8.1 01 L o] 12 Good
Salance 1.8 8.3 L O 13 Good
Balenge 2.8 91 it o] 14 Good
Balancd 31 1.0 it O 1§ Good
Balancy i1 1.9 5.0 O 16 Good
8alznce 3.0 L0 .0 O 17 Good
Balaneg 5.0 L3 (A O 13 Good
Baiance 10. ¢ .10 20. 0 O 12 Good
Balanee g 01 0,01 0.0t @] t1 Good
Balance g1 8.1 101 9) 1 Good
Balance 8.3 8.5 | Lo O 12 Good
Balance 2.5 .5 |50 O 13 Good
Balanee 1 Lo ]850 QO 17 Good
Balance L8 3.0 |50 O 15 Good
Batanes 5.8 .0 100 O 19 Good
Balance 19. 0 1.0 {200 O 8 Good
Baltacy 5.0 g.0100.01 g, 8001 ] 1t Good
Balaace 0.5 .1 L T H 0] 12 Good
Balance L 5.2 |50 0. 025 @] 13 Good
Balanes 5. 8 L0 e L1 O 13 Good
Bafance g. 01 8.4 1 41 O 11 Good
Balaace L5 1.8 L O 12 Good
Balance 5.0 .0 5.0 O 11 Good
Balence 19. 0 19, 0 20. 9 O 1§ Good
Balance 0. 0t 0. 01 0. 01 0. 0001 O 11 Good
Batance .3 31 1.8 0. 805 O 12 Good
Balance 1.0 0.2 50 0. 925 @] 13 Good
Balaned 5.1 .0 18. ¢ 01 ] i1 Good
Balanes 0. 01 0. 01 9. 81 O 11 Good
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Composition (% by wt.) Ball FPormation Ha Bonding Property
PbijSn In}8b | Cu|NijBi|2ZnlAglAuiPt]jPd P
Bafzace R L& L0 O 12 Good
Balance 5.4 &8 5. ¢ O 11 Good
Balance 164 9.0 28. 0 @] 1] Good
Balance 8.0 8. 01 g1 g §001 @] 11 Good
Balance 8.5 i1 18 §. 045 O 12 Good
Balance 1.8 0.2 5.8 5. 025 o 13 Good
Batance 5.8 3.0 10. 8 0.1 O 14 Good
Batancy 8. 01 9. 81 081 O 11 Good
8alancy 0.3 Lo Lo O 12 Good
Balaney 58 .0 5.9 O 17 Good
Balance 19. 0 10. 8 20. 0 O 25 Good
Balaned 8 0L 9 41 0. 0149, 4801 C {1 Good
Balance 8.5 it L3 |8 005 O 12 Good
Balznee 1.8 0.2 5.0 [0.025 O 13 Good
Balance 5.0 .0 1.0 |01 O 18 Good
Balance .01 081 (0,01 O 11 Good
Balaace ] Lo (LY Q 12 Good
Balance Lo .4 |50 O 14 Good
Balaney 1 1.4 20.0 O 2! Good
Balance {. 81 8. 81 8. 01 O 5] Good
Balancy 0§ L9 1§ O 12 Good
Balanee 2.0 10. § 20. 0 O 1! Good
Balaacd 041 1. 01 0. 81 O 11 Good
Balancy [ ] Lo L9 O 12 Good
Balance 39 i 20. 9 O ! Good
Batance 0.0l 9. 01 .01 O 11 Good
Balince 035 1.0 L O 17 Good
Balance 2.0 10 ¢ 20, 0 O 2 Good
Balanee 9.0t p.014 001 ’ O 11 Good
Balanes 0.5 Lo 4L O 12 Good
Balinge L3 L0 |58 O 14 Gaod
Balznce 21 10.0 20,90 ] 1! Good
Balineq 0. 01 0. 01 5,01 O 13 Good
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Composition (¥ by wt. ) Ball Formation Ha Bonding Property
PbhisSn In|Sb{Cu|NiiBil]ZnjAg|Au}jPt]|Pd
Balancy L35 L# T O 12 Good
Balance 2.0 10, 0 29, 0 Q 24 Good
Salance 8. 61 8. 01 8.0 O 11 Good
Balance 03 1.1 19 ] O 12 Good
Balance .0 18. 8 20. 9 O 2 Good
Balzace .41 § 01 0.01 0] 11 Good
Balance 0.3 Lo LB O 12 Good
Balaney P 10 ¢ 20, O 24 Good
Balance 0.01440. 01 o on O 11 Good
Balanee LY [ 0.3 Lo Lt Q 13 Good
Balance .0 JL¢ LY {50 0] 13 Good
Bilance 1.4 {210 10.0 J20. 4 O 28 Good
Balance g.81]0 81 g 0t .01 O 11 Good
Batancs Lo |05 ] L O {3 Good
Balined 190 100 19. 0 10. 0 0] 1 Good
Balance 0.01]0.01 0. 01 0. 01 O 11 Good
Balaacs L8 {035 I 1.0 Q 13 Good
Balance 10.0 1290 1. § 10. 1 o] 2§ Good
Balancs o1 0.8t 8. 01 0. 01 Q i Good
Balaace .8 |05 1.4 1.0 o] 13 Good
Balance 1.9 1 3.0 10, § 19. 0 O 25 Good
Balaace 9. 01 g 01 001001 C i1 Good
Balance Lo 0.5 Lo LY o] 13 Good
Balanese 50 1.0 Lo |60 O 15 Good
Balancy 1310 2.4 10. 0 [20.0 O 25 Good
Balancy g, 81 0. 81 801 ol ] 11 Good
Balance 1.8 05 Lt L O 13 Good
Balance 19. 8 2.1 18, 10 10. 0 O 25 Good
Balance 8. 01 .y 0.0t 9. 01 O 11 Good
Balanee 1.0 8.5 L L o 13 Good
Balanee 19,8 Lt 10. ¢ 10, 0 O 28 Good
Balangy 0. 01 0. 81 1. 01 0. 41 O i1 Good
Balanee L0 |05 1.0 1] O 13 Good
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Composition (% by wt.) Ball Formation Ha Bonding Property
Pb Sn|In|Sb|Cu|Nti{Bi|ZnjAg{Au|Pt]|Pd

Balaney 10,0 |24 10,10 10, 8 O 2% Good &
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What is claimed is:

1. A semiconductor package connecting method for electrically
connecting a semiconductor package to a substrate, said method compris-
ing steps of:

forming a ball having a Brinell hardness numbex of HB 6 or higher
by heating the tip of a fine alloy wire produced by drawing an alloy
material containing Pb, Sn or In as a principal element and p;oduced by
quench solidification;

pulling the alloy wire away from a semiconductor package or a
substrate after joining the ball to an aluminum alloy wiring line formed
on the semiconductor package or an aluminum alloy wiring line formed on T
the substrate to separate the alloy wire from the ball and to leave the
ball as a bump contact on the aluminum alloy wiring line of the semi-
-conductor package or on that of the substrate; and

electrically connecting the semiconductor pé;kage to the sub-
strate through such bump contacts.

2. A semiconductor package connecting method according to Claim
1, wherein the alloy wire is passed through a capillary tube employed in
a wire bonder, and the balls are joined to the aluminum alloy wiring
lines by a wire bonding method.

3. A semicon&uctor package connecting method according to Claim
1, wherein the alloy forming the alloy wire contains, as an additive
element or additive elements one or some elements among Be, B, C, Mg,
Al, si, p, Ca, Ti, ¥, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga, Ge, Se, 2Zr, Bb,

Mo, Pd, Ag, Cd, In, Sn, Pb, Sb, Te, Ir, Pt, Au and Bi.
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4. A semiconductor package conmecting method according to Claim
1, wherein the Brinell hardness number of the ball is in the range of HB
6 to HB 26,

5. A semiconductor package connecting wire formed by drawing an
élloy material produced by quench solidifying an alloy containing Pb, 8n
or In as a principal element, and an additive element or additive
elements, and capable of forming a ball having a hardness of ﬁrinell
hardness number 6 or higher when its tip is heated.
~ 6. A semiconductor package connecting wire according to Claim 5,
wherein the alloy contains one or some elements among Be, B, C, Mg, Al;
8i, P, Ca, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga, Ge, Se, Zr, Nb, Mo, -
Pd, Ag, C4, In, Sn, Pb, Sb, Te, Ir, Pt, Au, Tl and Bi.

7. A semiconductor package connecting wire according to Claim 5,
wherein the Brinell hardness number of the ball is in the range of HB 6
to Hy 26. "

8. A semiconductor device comprising:

a substrate; and

a semiconductor package electrically connected to the substrate
through a bump contacts formed by attaching balls each formed by heating
the.tip of a fin alloy wire formed of an alloy material produced by
quench solidifying an alloy containing Pb, Sn or In as a principal
element;

wherein wiring lines formed on the substrate or on the semicon-
ductor package are formed of an aluminum alloy, and the Brinell hardness

number of the balls is HB 6 or higher.
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9. A semiconductor device according to Claim 8, wherein the
alloy wire is passéd through a capillary tube employed in a wire bonder,
and the balls are joined to the aluminum alloy wiring lines by a wire
bonding method.

10. A semiconductor dévice according to Claim 8, wherein the
alloy material forming the alloy wire contains, as an additive element
or additive elements, one or some elements among Be, B, C, Mé, Al, 8i,
P, Ca, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, 2Zn, Ga, Ge, Se, Zr, Nb, Mo, P4,

~ Ag, Cd, In, Sn, Pb, Sb, Te, Ir, Pt, Au, Tl and Bi. |

11. A semiconductor device according to Claim 8, wherein the
Brinell hardness number of the ball is in the range of HB 6 to HB 26,

12. A semiconductor device according to Claim 8, wherein.the
semiconductor device is of a flip-chip mount type.

13. A semiconductor device accordin§ to Claim 8, wherein the

semiconductor device is of tape carrier bonding type.
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ABSTRACT OF THE DISCLOSURE

A method of electrically connecting a semiconductor package to a
substrate by using bump contacts formed by heating the tip of an alloy
wire and directly joined to aluminum alloy wiring lines, an alloy wire
for such a purpose, and a semiconductor dévice constructed by electri-
cally connecting a semiconductor package to a substrate by such a
.method. The alloy wire is produced by drawing an alloy matefial pro-
duced by quench solidifying an alloy céntaining Pb, Sn or In as a
principal element, and an additive element or additive elements. The
tip of the alloy wire is heated to form a ball to be joined to the
aluminum alloy wiring line as a bump contact. The Brinell hardness

number of the ball is HB & or higher.
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Composition(% by wt.)

=4

Ball Formation Bonding Property

Pb San|ln|Sb|CuNi|Bi|lZn|lAg]jAu|Pot|Pd]othes
Balaace ] §.5]0.035 O 5 Bad
Balance 1 ijol (@] 5 Bad
Balance H Lijle O 5 Bad
Badaace ? 3|t as 01 O 5 Bad
Balaace H hijot 0.3 O 5 Bad
Balaoce 2 Lijol 0.3 @) 5 Bad
Batagce ] 0.510.3 L0 Q. 6 Good
Balaace 2 L3ijlé 1.3 O 6 Gooad
Balance 4 0.510.03 01 O 5 Bad
Balaace ? .5)0.1 0.3 - O S Bad
Balance ] 6.5]0.1 03 Q 5 Bad
Balance 2 .30 3 1.4 O 6 Good
Balance ? .afL¢ L§ Q 6 Good
Balyuce ] 0.5140.05 0.1 O 5 Bad
Balasce ? .50t 0.1 Q 5 Bad
Balaace 1 .5(0.1 09 () 5 Bad ©
Balance ? 0.5]14.5 1.0 O 6 Good
Balance 1 RN L3 O 6 Good
Balaace | 2 0.5 0. 05 0.1 ®) -5 Bad
Balance 1 0.3 01 6.3 Q 5 Bad
Batance ? .5 0.1 0.5 O 5 Bad
Balance ? 8.3 0.5 L0 O 6 Good
Balance 2 8.3 Lo I.§ QO 8 Good
Balaace | 2 0.5 8. 05 01 Q § Bad
Bubasce | 2 0.3 01 0.3 O 5 Bad
Badaaee | 2 03 0.1 0.5 o) 5 Bad =
Balance | 2 6.5 0.5 L4 0 . 6 Good o ;E?.
Balaace | 2 ) W] 1§ [o} 6 Good O (;g;
Balance | 2 0.5 0. 05 8.1 0 5 Bad o (B
Batance H 0.5 0t 0.3 0] 5 Bad 9—{ é%
Balince | 2 03 01 05 o 5 Bad B 5]
Balince | 2 0.5 5.5 R o) 6 Good R e
Baluace ? 0.5 1.0 L5 O 6 Good 5
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Compasition (% by wt,) Ball Formation He Bonding Praperty -
Pb Sa|lln|Sb|Cu|Ni|]Bi|Zn|Ag|Auw]Pt]|Pd]oher

Balasce | 5 KX ) 0 5 Bad

Badance H 310 O 6 Good .

Balance 3 Y| 0§ O 6 Good

Balance j 1] L O T Good

Balaace j 1 0.1 | (0] 5 Bad

Balance i 3] 02 2 (O] 6 Good

Sabance j 103 3 O 6 Good

Baitnce i 19 1.0 i O 7 Good

Balaace 3 | 0.1 O 5 Bad

Balance 3 3 0.2 : Q 6 Good

dalaace H H 0.5 QO 6 Good

Balaace 3 {] (W] O i Good

Balaace j t 0.1 1 (0] 5 Bad

Balance 3 3 0.1 2 (@) 6 Good

Balance | 3 5 0.5 1 (@] 6 Good

Batance 3 10 1.0 ) @] 7 Good 8

Balaace ) 61 i 0] 5 Bad

Balaace 3 0.2 3 O 6 Good

Balaace i 8.3 § O 6 Good

Balaace 5 1,0 1] O 7 Good

Balance ] 0.1 { 1 0] S Bad

Balagce | 3§ 0.2 (] 1 (0] 6 Good

Balaace H 0.5 9 3 @] 6 Good

Balaace H 1.0 14 ] (0] 1 Good

Bataace | 3 1] 1 O ] Bad e

Bilaace | 5 01| 3 o) 6 Good )

Balance | § 0.5) § o 6 Good g g

Balance | § Lo ke O: 7 Good ¢ %

Balance ] 0.1 | | (@) 5 Bad g %

Bulanee 5 0.2 3 ? 0 6 Good R E

Balance § Q.5 5 3 (@) 6 Good § o

Balaace 3 1.6 18 5 O T Good %ﬁf
2




4] &
T a b 1 e 3
Composition (% by wt. ) Ba:'ll Formation Ha Bonding Property
Pb Snfln|SblCulNi|Bi{Za|Ag|Au|Pt]|Pd]|othen
Balaace | § RN g1 o] 5 Bad
Balance | § 1101 0.1 (o) 6 Good
Balance | §  ]01 85 O 6 Good
Balaace | § 5165 N 0] 6 Good
Batance | § T 01 L§ Q T Good
Badance | § 19 ]t 2.0 o) 8 Good
Belaace | 5 -1 |0 08 0.1 (@) 5 Bad
Bilaage | § RN R ¢ O 6 Gaod
Bakusce H § 1o 03 O 6 Good
Balance § y 1035 (N (@) 8 Good
Baluace 5 Tt 1.} Qo T Good
Balanee | § 1 (10 2.0 (@] 8 Good
Balaace ] [ ]0 85 8.1 O 5 Bad -
Bilisce | § 1 et 13 o) 6 Good -
Balance 3 § 101 0.5 (@] 6 Good
Balence | § § J05§ 1.0 O 6 Good
Balance § 1101 1.3 0] 7 Good
Batasee | § e 2.0 o) 8 Gaod
Budance | § { 6. 85 0.1 0] 5 Bad
Balanee H 3 01 0.1 O 6 Good
Balaace 3 ] 9.3 0.5 O 6 Good
Balanee | § 1 0.1 I.§ O 7 Good
Bataace 3 0 1.0 2.9 @] 8 Good @
Balaace § | 0. 45 0.1 O 5 Bad N ta’;‘
Balance H 3 81 0.3 @] 6 Good 3 &
Balanee | 3 H 0.5 0.5 Ke) 6 Good 8 %
Balance | 3 i 8.1 L§] O T Good —1 %
Balaace § ¥ 1.4 20 O 8 Goad % 1
balaace | § ) 0. 05 et o) 5 Bad o iR
Balance § 3 01 0.3 fo) 6 Good %%3
Balaace 5 5 65 6.5 0] 6 Good o
Balasce | 3 1 0. i 1§ O- 7 Good
Balasce | 5 10 L4 20 0" 8 Good
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Composition (% by wt,) Ball Formation H, Bonding Property
Pb Salln|Sb|Cu|Ni|[Bi|lZn|lAg|Au[Pt]Pd]0thers
falaace 14 i B4 ) (@] 6 Good
Balance 10 i 03 O 1 Good
Balaace 10 3 10 (0] T Good
faluace | 10 | L3 (o] 8 M Good
Balaace 16 l 01 | (0] 6 Good
Batance " i L ? O 1 Good
Bilance 19 i 1.4 i O 7 Good
Bataace 18 19 L3 ] Q 8 Good
Dalunee | 10 1 01 ) @) 6 Good
Batance | 10 ) 63 . ) 7 Good
Balauce 10 j i 0 @] T Good
Balance 10 1L} i.§ . Q 8 Good
Balaace ] I 0.1 | (@] 6 Good
Balunce 10 1 0.5 ? (@) 1 Good
Baluace 1] ) 1.0 3 O 7 Good
Balauce | 10 1] 1§ § @) 8 Good
Bafance it 0.1 1 0] 6 Good
Balaace i 8.3 3 O 7 Good
Balance 10 L0 3 (O] T Good
Balaace 10 1. § L6 (@] 8 Good
Balusce | 10 8.1 | 1 0 6 Good
Balaace 14 0.5 3 ? (@) (i Gaad
Balance 10 1.0 § 3 O 7 Good
Balanee 10 1.§ it ] Q 8 Good
Balaace 19 0.1 1 (o} 6 Good
Balasce 10 0.§ i O 7 Good
Balaace It L0 H 0 T Good
Balance | 14 L5 o1 [e) 8 Good
Bakaace 14 0.1 1 | O 8 Good
Balsace | 10 5| 3 ! O U .Good
Balance 10 1.0 5 3 e} 7 Good
Balance | 19 LS| N 5 ®) 8 Good

966l 100 6¢
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Composition (% by wt.)

=)
»

Ball Formation Bonding Property
Pb Salln|SbjCuNi|Bi[Zn|AgjAu|Pt|Pd]|0Others

Balanee 1] ' 1 |005 01 Q 6 Good

Balance 14 101 0.3 ®) 7 Gaod

Bilsace i § |0t 8.3 @) 7 Good

Balaace | 10 j (03 ] o) 7 Gaod

Balamce 10 [ L3 (o] 8 Good

Balasce 10 |3 1.0 O 8 Goad

Balaace 19 1 ]o s 0.1 O 6 Good

Batance (] 1101 0.3 O 7 Good

Baluace (4 i fel 99§ O 7 Good

Balaace 10 IR 10 ’ 0] 7 Good

Baleace Lo N 1§ (@] 8 Good

Baluace 19 i jLi 0 Q 8 Goad

Bulaace 1] N H 0.1 O 6 Good

Balaace 10 1] 0.1 Q T Good

Balaace 16 3 L 0.5 O 7 Good .

Bulsace 10 5 105 oy (] 1 Good w

Balaace 1o T ]Le 1§ O 8 Good

Balance 10 19 |1.§ 24 O 8 Good

Balaace 14 | ('H 01 O 6 Good

Bafunce 1 3 [ 0.3 O T Good

Balaace 1 § 6.5 0.5 O 1 Good

Balaace 19 1 1.0 L3 O 8 Good

Balance 19 10 1.8 2.0 (o] 8 Good

Balinee 19 ] 6. 45 Q1 O 6 Gaad

Balance 14 i 0.1 0.4 O 7 Good

Balance 18 $ [ 0.3 O 7 Good %
Balance | 14 i 10 13 Q K: Good N g;‘
bduaee | 10 10 L§ t0 o) 8 Good O >
Balance ] 1 0. 05 8.1 o] 6 Good g =
Balince | 18 1 01 0.3 0 7 Goad N
Balunce | 10 5 0. § X! o 7 Good g |
fatace | 10 1 L4 1, 0 8 Good o =R
Balunce | 14 1 s 2.0 o) 8 Good %
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Composition (% by wt.) Ball Formation Ha Bonding Property

Pb Solln|SblCulNi|BilZn|Ag|Au|Pt]|Pd]O0thers
Balaace | 10 b ] 0 O 1 Good
Balaace 1 1] 43 (@] 8 Good
Balance 14 5] LY (] 8 Good
Balaace | N0 LR R O 9 Good
Bataace | 10 1]t 1 @) 7 Good
Balaace L1 3103 ? @] a Good
Balanee [ 30 i oL 1 O 8 Good
Balance i 1 1.3 i O 9 Good
Balaace 10 1 [N . Q T Goad
Balance | 30 3 0.5 (o] 8 Good
Balsace 10 H ¢ O 8 Good
Balance H 10 I3 Q 9 Good
Balaace §0 | 9.1 i O K Good
Balance ] 1 0.5 2 Q 8 Good
Balance 1] 3 L@ 3 O 8 Gaod -
Balasce | 30 10 1. 3§ 3 O 9 Good
Balance | 28 0.1 l - O T Good
Balance | 30 0.5 2 Q 8 Good
Balance 1 0.1 5 ] 8 Good
Balaace | 30 Lo 1 ) 9 Good
bataece | N0 i § 19 (@] 10 Good
Baluace 1 ol 1 | O 7 Good
Balance 1 0.3 1 ] O 8 Good
Balanee | 30 1.9 § i O 8 Good
Balaace 3 1§ 10 H O 9 Good
Balance 1 1 0. 05 O 7 Gaod ro
Brlance | 3¢ 3 0.1 O 8 Good ‘ O3
Bitisce | 30 ; 10 0 8 Good o
Bafance 1 10 30 O 9 Good 53
Balunce 1] 1 8. 0% { O 1 Good '§
Baluace i 3 01 1 O 8 Good o
Baluace 1 § Lo 3 O 8 Good
Bilanee 1] 1" 30 § O 9 Goad EEJ
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Composition (% by wt.) Ball Formation H, Bonding Property

Pb Snlln|Sb|Cu|Ni|Bi|Zn|Ag|AufPt|Pd]|O0chers
Balesce | 20 1o e 0.1 0 T Good
Bilence 3 1 (el 0.3 0 8 Good
Balasce | 30 REN % Q 8 Good
Balasce k1] 3 [0 (g O 8 Gaod ‘
Bilasce 1] T 140 (1] 0] 9 Good
Batance 0 L3 0 (@] 1 Good
Bulasee | W MLXE 0.1 0 7 Good
Balance EL) 1101l 0.3 O 8 Good
Balaace 34 e 0.5 O 8 Good
Balance | 30 5 e 0 i 0 8 Good
Balaace 30 T 110 1§ O 9 Good
Balaace 10 10 |3 .0 O 19 Good
Batance | 30 1 ]0.0s ) 0.1 o) 7 Good
Balaace 3 RN 0.3 @) 8 Gooad
Batance 3 5101 05 0 8 Good —_ \
Balasce | 30 5 o |oLe o 8 Good o !
Balance 0 T 148 . § O 9 Good’
Balance Y W LS 2.0 O 1 Good
Balasce | 30 1 0. 85 01 ®) 7 Good
Balsace 1 3 0.1 0.3 O 8 Good
Balance 0 § 8.3 (] O 8 Good
Balasce 10 1 1o 1§ Q 9 Good
Belaoce | 30 1 L§ 20 [¢) 19 Good !
Baluace 10 1 0. 0% 0.1 O 7 Good
Badyace 30 3 0.1 0.3 Q 8 Good
Balance 30 H b3 0.5 O 8 Good
Balagee | 30 1 L4 L4 O 9 Good e
Balace | 30 10 L3 2.0 6] 1 Good O
Balasce | 30 ! 005 i1 0O 7 Good b
Balance | 30 3 0.1 03 o) 8 Good i
Balunce 1 H g3 0.5 O 8 Good %
Balasce | 30 1 Lo LS [e) 9 Good o i
Balance | 30 10 1§ 2.0 0 10 Good i
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Composition (% by wt.) Ball Formatian He Bonding Property
Pb Sajln|Sb|Cu|NIi|Bi|Zn|Ag|Au|Pt]|Pd]|0thers

Balasce | 40 ' BEN O 8 Good

Balaace { 11 43 (0] 9 Good

Bulaace 1 3 1.0 O 9 Gaod

Balrace 1 10| Li )] (] Gaod

Balaace 1" 1] Al { O 8 . Good

Baluace it 3103 2 O 9 Good

Btlance {0 3 .0 3 O 9 Good

Balaace {0 19 L3 § O 1 Good

Balance 10 { 0.1 O 8 Good

Balance i | 0.3 i O 9 Good

Baliace 1 5 1.1 0 9 Good

Balanee 10 10 1.3 Q [ Good

Balance | 40 1 1 [ (@) 8 Good

Balaace | 19 ] 0.3 ¢ O 9 Good

Bilaace {e ] 18 3 O 9 Good —

Bataace 10 14 L3 ] 0O 14 Good N

Balance i 0.1 1 O 8 Good

Balaace ] 03 ? 0] 9 Good

Batlaace 1 0.1 3 0] 9 Good

‘Balasce 10 .9 i O 9 Good

Balaace | {8 ] 10 Q 1] Good

Balance | {0 0.1 l 1 0 8 Good

Bilance 4 0.3 2 2 @] 9 Good

Balance 18 1.8 ] ] O 9 Good

Balance 10 . § 10 § Q it Good

Balsace | {8 1 0. 05 O 8 Good @

Balence | 40 ) [N O 9 Good o=

Balance 1] 5 1.0 o] 9 Good @ %

Balance | 48 10 ) 1.0 o) ) Good o &

Bulance | 40 ! Les] | O 8 Good 9 =

Bafance i 1 8.1 1 (@] 9 ) Good 3 %

Balance | A0 5 Le | 1 0 9 Good R oo

Bilasce | A0 T 10| s s} 10 Good ==
X

e




T a b 1 e e «
Co.mposition (% by wt.) Ball Formation H, Boanding Property
Pb Sn|lon|SbjCu|Ni|BilznlAaglau|Pt]|Pd/|otbers
Balaace i 1 |62s 0.1 @] 8 Good
Batyuce 10 1101 0.3 O 9 Good
daliace 1) ) | &t 0.3 O 9 Good
delaase i 3 Ui 1.8 @] 9 Good
Silaace 1] it L3 (0] 9 Gaod
Jalaace 10 L) [ O 1] Good
dalyace ] 1 {083 01 O 8 Good
Bilaace 1 101 0.} O 9 Good
Balance | 40 A 3] . (®) 9 Good
Balaace | {0 5 (03 10 - Q 9 Gaod
Balence 1 T 110 L§ O 9 Good
Balance 10 L3 20 O 1] Good
Bilaace 1 1005 0.1 (@) 8 Good
Balaace 10 1]01 0.3 O 9 Good
Balaace ] il 0.5 (@] 9 Good "
Balaace 10 LR 1. ¢ O 9 Good ~
Balance L T |44 L3 O 9 Good
Balaace 1" 1|3 2.0 Q 10 Good
Bilaace i | 0. 0§ 0.1 (@] 8 Good
Balance 18 3 0.1 0.3 O 9 Good
Bataace {0 § 0.5 0.§ O 9 Good
Balance 14 1 1.0 I § (@) 9 Good
Batance 19 19 1.3 2.0 0 19 Good
Balaace 1 1 AH 0.1 O 8 Good
Salance ] 1 01 0.3 O 9 Good
Balaace ] H 03 0§ (] 9 Gaod @
Balagce 1 | 10 1§ O .9 Good g
=
Balance | 9 1 L§ 20] 0 10 Good z =
Balaace {0 | 0. 05 0.1 (@] 8 Good o £34
Balance | 14 3 01 0.3 O 9 Good 3 L’%
Balaace (] 5 0.5 0.5 (0] '9 Good 3 3
Balance | 49 1 1.0 L§ O 9 Good L s
Balance | 40 10 1§ 2.0 o) 10 Good =
‘ =
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.. Composition (% by wt.) Ball Formation H. Bonding Property
Pb Snlin]|Sb|{CulNi|Bi|Za Ag|Au|Ptr]|Pd]|others . :
Balance ] l 0.1 O 10 Good
Balaaee | 50 1] 45 Q 18 Good
Balance Y j ILé O 11 Good
Bafaace ] 16 .3 (0] 1 Good
Balaace il 1 01 { (0] 1o Good
Balance | 3¢ A 2 O 1] Good 1
Salance io i (W 3 @] 11 Good
Balaace ] 10 (] § o) i Good
Balasce 0 1 6.1 . O] 10 Good
Baluace 50 1 0.3 (] 10 Good
dalaace it § 1.9 O 1l Gaod
Babance | 50 1) L§ o) 11 Good
Balance 1) 1 0.1 1 @] 19 Good
Balaace L 3 0. § 2 O 19 Good
Balance 54 § .0 3 O 8 Good 8
Balaace 50 1] L § 5 O il Gaod
Balance 30 0.1 l Q 10 Good
Balaace ] 0.3 ? O {] Good
Balance | 350 61 § Q 19 Good
Balaace 50 Lo 1 (O] 1l Good
Balaace 30 L35 10 O 11 Good
Bataace ] 0.1 I A Q 1] Good
Balance | 50 0.5 F 2 Q 10 Goaod
Balaace 54 1o § 3 O ] Good
Balaace 1] L § 18 § O Il Good
Balaace 5@ | 0. 95 O 10 Good ?;E;
Balance ] 1 01 Q 10 Good ;SZ
Balaace | §¢ 5 L0 Q 11 Good o ?E;
Batasce | 59 1 L0 O 11 Gaod - E
Bataace | 50 1 X3 [6) 1 Good X! =
Budsnce 50 | 01 2 o] i Good )
Baluace ] 5 1.0 3 Q Ll Good 25? 7]
Balasce 10 5 o] 1 Good r
50 10 E_‘_Ijz

I ——




T a 1l e 11 ‘ ' :
Compasition (% by wt.) Ball Formation H. Bonding Property ;
Pb Sn|in|SbiCu|Ni|Bi|Zn|Ag]Au]|Pt]Pd]others

Bilance ] ' 1 j0. 8§ 0.1 O 10 Good

Balanee | 99 1] 03 0 10 Good )

Sakzace il N 0.3 o t Good

81lzace il § |03 1.4 O Yl Good

31izace il T 1.0 1.3 O 1 Goad

Balynce il 1 [ L4 0] 1" Good

3alence i 1 ]0.0§ 0.1 O 10 Gaod

Salance i it 8.3 O 10 Good

Baleace i § et 0.9 o] it Good

Balance H 5 (0.5 (W v Q il Good

Jaltace ] T-]L0 I35 (@] u Good

$alaace | 1|13 .0 QO i Good

Balaace | 350 N H il Q 10 Good

Balance i 1 {01 0.1 O e Good

| 3slaace | 30 KX 0, § O 1 Good N

Balance H KR 10 O 1 Good ©

Baliace 54 1110 1§ O it Gaod

Balance i 19 L3 &0 O L Good

Balaace H ] 1 0. 05 01 O 1] Good

Balance 56 ] 0.1 0.3 @] 1 Good

Balsace 58 § 0. 05 O 1 Good

Bilaace 0 1 L0 1.5 O 11 Good

Balince 56 ] 1§ X} O 11 Good

Bataace i l [ H 0.1 O 10 Good

Balaace 50 3 61 0.3 O ] Good _

Baiance ] 5 6.3 0.5 Q i Good @

Bilasce | 50 1 o LS 9) 1 Good o g

Balamce | 59 14 L§ 2.0 O 7l Good "y &

Balasce | S0 t 0. 05 0.1 O " Good 8 ;%2

Bitance ] 3 0.1 0.3 °3 1 Goad —4 X

Balance 50 H 0.5 6.5 O 1l Good % %

Balance | 59 1 18 1§ (@) 11 Good o %

Balasce | $0 18 LS .0 O il Good E‘%
pm




T a b 1l e 12 -

Composition (% by wt. ) Ball Formation Ha Bonding Property
Pu] sa Sb ,
40 | Balance | .| Q 1] Good
1 ] Biliace 1] 03 O 1] Good
10 | Balaace § .8 O it .Good
1 | Bilaace 1 L§ 0] 2 Good
£0 | Balaace | et | 0] I} Good
1 | Balaace 3 Q5 ? (] 10 Good
10 ] Baluace il e ] o] i Good
10 | Baluace 1] L3 3 O 12 Good
10 | Balaace i 0.1 Q i9 Good
18 | Belaace 3 0.3 O 10 Good
190 | Balaace 3 ¢ (@) 11 Goad
10 | Balaace 10 1§ 0] 12 Good
10 | Balance l 8.1 I O 10 Good
10 | Balaace 1 0.3 ¢ O 19 Good
10 | Balaace ] 1.0 3 (@) I Good
10 | Balaace 10 1§ 3 O 12 Good
40 | Balaace 0.1 l O 10 Good
18 | Balance 0.3 1 (@) 10 Good
10 | Balrace 0.7 ] @] 1 Good
10 | Bataace ] i o] 11 Good
{8 | 8alaace 1§ O 12 Good
40 ] Bilance 01 | O 1] Good
10 | Balaace 0.5 2 O 16 Good
40 | Balaace 1.0 3 O 1 Good
10 | Balaace L5 ) O 12 Good
48 | Balance 1 O 1] Good
40 ) Balance 1 O 10 Good
40 1 dalaace § 0 1 Good
10 | Baluace 18 O 12 Good
10 | Baldnce | 1 (@) i Good
40 | Balance 3 H O 1¢ Good
{0 | Balance 5 ] O It Good
40 | Batuace 18 § (0] 12 Good

074

966, 190 67
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T a b 1 e 13 ' o .

Composition (% by wt,) Ball Formation H, Bonding Property

sn Jia|sblculNi[BiJzanlaglAulPc][Pd]oihees
Balaace : 1 1005 a1 O 10 Good
dalaace 1401 0.1 Q 19 Good
falance 3101 0.3 0 I Good
dalyace 3 |3 LA Q 1 Good
Balaace il L3 (@] 12 Good
Bataace 10 ]9 L4 | O 12 Good
Balanes 1 ]0.03 | (@] 1] Good
Salaace 1|01 0.3 (@] 10 Good
Bataace 3 e 0.3 O 1 Good
3aliace i |es Lo 4 o i Good
dalaace i |8 i3 (@] 12 Good
Balance 1 ) .0 @] I2 Good
Bataace I 1805 : 0.1 Q 16 Good
Balance 161 0.3 (o] 19 Good
Balzace ilel 6.5 (@] n Good
Batance 3 |05 1.0 (@] H Good B
Batance Pl 1§ 0] 12 Good
Balance 1 |4s 2.8 O 12 Good
Balaace | 0. 03 0.1 o . i0 Good
Balance 3 61 013 0] 10 Good
Balance 3 0.5 0.3 Q i1 Good
Batasce i (] 1.3 (@) 12 Good
Balaace 10 LS 2.0 O 12 Good
Balaace 1 8. 05 0.1 O {6 Good
Baulance 3 01 6.3 Q 10 Good
Balance ] 8.9 0.5 O 11 Good
Balaace 7 1.0 L3 O 12 Good
Balance 1) 1§ 2.0 0 13 Gooad
Bataace 1 4. 05 6.4 0 L Good %
Balasce 3 01 0.1 O 18 Good o
Balance 5 05 5.5 18) It Good &
Balaace 1 L 1§ o I? Good w2 !
Balaace i¢ l.§ 2.0 o) 1 Good Sl

re—
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14

Compositian

(% by wt.)

=
-

Ball Formation Bonding Property
Pb SnlIn|SbiCulNi|Bi|lZnjAg|lAu]|Pt]|Pd]|Oothers
Bataace | 2 t.ijaotjen 0] 5 Baad
Balaace 3 Lije a3 03 (@] 5 Bad
Balaace | 2 6. 5]9.08)0.03 O 6 Good
33iaa¢e | 2 Lifoaar|end O 6 Good
Balaace | 2 SIEXIREN] O 6 Gaod
Bafiace 3 Lajdis |3 Q 1 Good
Balance 3 Lija el 0. 01 Q 5 Bad
Balzace 2 jlo.8310 0% . 0% o] 5 Bad
Batance | 2 .50, 857 0.0% g1 O 6 Good
Baiaace } .5]035 0.3 Lo ’ O T Gooad
Bilaace i Lo 0], 0l 0. 0% Q 5 Bad
Balaace 1 Lifoo0sfoe 0.3 (o] 6 Goad
Balaace H 0.300.5 0.3 0. 05 O 7 Good
Balrace 2 .ife oo dl 0.5 O 5 Bad
Balaace 2 6.5 ] 0. 65] 0. 8% 6. 03 O 6 Goad )
Balagee | 2 0.5]0.5 f03 .3 (@) 1 Good N
Balance 3 0. 1] 00000t O 5 Bad
Balasce | 0.510.03]001 (0] 6 Good
Balaace | 3} LLe]a.08]0 03 ’ O 6 Good
Balance | § Lefodjen O 7 Good
falance | § 6.000.00)0.1 (0] 1 Good
Balance | 3 .o0)os |03 O 7 Good
Balaace 3 10.001.0 |1.4 O 8 Good
Balsace | 35 0. 0448007461 Lo O 6 Good
Balance H] Lejot | &) .0 (@] 8 Gaod
Babaace | 3 Lojot fad 16. 0 O 9 Good g}j'
Balance | 3 o Lo JLe 0.0 O 0 Good ;32
Balaace | 3 601001 64 0 5 Bad P e
- 0 <y
Balagee | 3§ g 03 0. 01 1] 0 6 Good o 2
Batance 3 9. 05 ) 0. 03 Lo (@] [ Good a =
falance | § 0.07]0.03 N (o) 6 Good R %
Balance | § TRIX 10 o 7 Good § o
Balaace | § XRIX X 0 7 Good ==
52
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T a b 1 e 15 ¢ *
Composition (% by wt.) Ball Formation He Bonding Property
Pb Sn|{la|Sb|CulNi|Bi|2n]Ag|Au|Pt]Pd]Oothers
Bilaace | 3 Lo {18 Lol ®) 8 Good
Balzace 3 tijeet]edl 0. 85 O 8 Bad
Bataace | 3 1.0]0.05]70.05 0.1 (o] 6 Good
dulince | 3 Wojes les 6.3 O 1 Good
drbaace ] Lo ei}adl 1.0 (@) 6 Good
Balsace | 3 NIERMER! i 4 O 8 Good
Belagee H Lajad ol 16. 0 ) 9 Good
B1daace j .ol e juLo K] QO 0 Good
Biluace H g.rjeerjeot L O 6 Good
Balaace j Lojot jol i 0 * Q 8 Good
Baliace 3 Lojod ot 10. 0 O 9 Good
falaace i 1.8} 4.8 110 309 (®) 0 Good
Balance ] g.rjoaljen 1.0 O 6 Good
Balaace ) Lejat ol 5.0 O 8 Good
Bilaace 3 Lojed ot 10. 0 O 9 Good
Balaace | § 10.0f1.0 f10 204 o 0 Good P
Balsace 10 p.o1]o 9 0. 81 O 9 Good
Balasce 1 0.05¢06. 10 0. 1 Q 6 Good
Balance 10 6.1 |02 1,0 ) 7 Good
Belance 1] 0.2 |62 20 O (4 Good
Balaace 14 6.5 [0S 5.0 O 9 Good
Balance 1] 69910401 (4] o) 9 Good
Bilance 1 0.0170. 99 0. 01 (@) 7 Good
Balasce | 10 0.99]0.19 01 Q 8 Good
Balaace 1 0.2 (0.3 0.3 @) 1 Good o
Balvace | 10 §.99) 0.0t 19 O] 8 Good %
Baliacs 10 0.0 fol 0.1 . O . 1 Good g g;
Bilanes | 10 o5 [0s L0 0 8 Good A
Baluace | 10 6.1 {1 0.1 0 7 Good g %
Balance | 10 0.5 0.5 L0 o) 8 Good — =
Bilance | 10 ijoei]en L0 ' ®) 7 Good % '
Bulaee [ 10 Lafee o 5.0 0 8 Good hdl %
Balapee 10 Lefed jod 10, 0 O 8 Good %




T a b 1l e 18
- Composition (% by wt.) Ball Formation H, Bonding Property

Pb Sn{tn{Sb|Cu|Ni|[BijZanjJAglAu]Pt]Pd]0others

Jalance te | Lejet jod 10. 0 o] 9 Good

Jalince 10 wajLe L 16,0 @] 10 Good

Jilaace 18 Lijual)edl 18 O 7 Goad

B:lance i Lejo? a2 5.4 O 8 Good

32laace | 10 Lilad jat 199 O 8 Good

Iilanece 1) SIERNENR 16.0 O 9 Goad

I3l1ace 19 | Ld J1d 0.0 O 10 Good

Jabince 18 Lijadrlal 1.8 ] 7 Good

dalaace 1 RILEEIE 39 _ O 8 Good

Bilauee 18 N IEENEN! 10,6 i O 8 Good

3alince 12 L) o 1.9 Q 9 Good

Balzace 10 Wwajroe jra 0.8 O 10 Good

Brisace 18 rjaol]e et i 0 0O 7 Good

Balance " Lejo2 o 5.0 (@] 8 Good

Balaace 1 Lajetd o 10, 0 O 8 Goad N

Balance | 14 Lojet jo 1. 0 o 9 Good B

Balaace 19 1.9 L0 1.6 HETN O 10 Good

Bilaace | 13 Lifoafeo Lt o) 8 Good

Bafaace 15 Lofa2 foi 5.9 O 9 Gaod

filance 13 Lejot jod 10, 0 () 9 Good

Balance 15 NI ER i0. @ 0 10 Goad

Salance 15 ) Jit 9.0 O 11 Good

Bilance ] ] g.rjoarjon 14 O 8 Good

balance | 20 Lofer fae 5.0 o 9 Good

Belzace 1] Lejod ot 10. 0 @] 9 Good

dalance 10 Lol Jod 10, 0 O 11 Good ey

baluace | 20 .08 [1.0 30.0 o] 12 Good £

Balanee | 20 I EAT 10 [¢] 8 Gooad N JES

Bilance n 1062 j6.2 50 o 9 Goad g %

Balunce | 10 1L0jo.4 ]0ld 10. 0 (@) 9 Good A =

bilace | 20 Lajed |od 10.9 0 11 Good = E

Baleace 1) 10. 000 (L& j.e} O 12 Good %

biluce | 10 o] uat]ea ) &) 8 Gooad & %
s
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Table 11 ’ )
Composition (% by wt,) H, : \
Ball Formation Bonding Propercy
Po|San|la|SblCu|Ni[jBi|Zn|lAglAu|Pt|iPd]0tens
Balaacd 28 : Ldjae o (X (@] 9 Good
dalincd 20 Lojod a4 10. 4 Q 9 Good
Jalzacd N Lefet fot 10.4 @) 11 Goad
Nilaacyd ) wojrLo jrLa 3.4 O 12 Good
delaacyd N Lo 1.4 O 8 Good
Balsacq 10 IR 5.0 @) 9 Good
Balzaced N Lejod juid 10.0 0] 9 Good
haluaed N Lejot ot 10.0 O 11 Good
Jalacyd 2 10.800.6 1@ 30. 0 ) 12 Good
Brlracy 3 L01] 099 0.1 ! (0] 7 Gaad
Safsacyd 34 b1 0.2 9.3 Q 1 Good
Jeisacy 30 0.3 Jad 19 O 8 Gooad
Balanced 30 N L% {9 0] 9 Good
Batzaced 30 b1 0.3 4.0 (@) 9 Good
Balaacd 30 6.i |l Le Q 9 Good N
falacd 10 e 50 o) 10 Good a
Badracd N .9 (09 19, ¢ QO i Good
fataacd $2 0.1 ]81 ] Q 7 Good
Balaacyd 30 .2 (0.3 6.1 O T Good
Balancd 130 0.3 104 0.1 O 9 Good
Balaacyd 20 0.8 10.8 1.8 (@) 10 Gaod
Balancyd 30 61 {01 01 O 7 Good
Balaacd 30 0.5 |03 L4 0] 9 Good
Balaacqd 30 R 01 (0] 7 Good
Balaned 30 .3 (0.3 LY O 9 Good
dalancq {0 0.01)0.9 b1 O 10 Good
Balincyg 140 81 Jo7F 0.§ 0] 1] Good H %
Balancd 44 RNIX 30 o i Good 4 z Q:ES
Bakancyd {9 6.4 |05 W] O I Good o 3]
Bulascd 40 DR 19 5} i Good ) % :
Bulaned 40 0.5 |43 40 O il GOOd'_ % 3
Bulancqd 44 .5 14.3 44 (@] 1 Good P4 £
Balancd 48 0.6 jos 5.0 )] 1 Good ﬁ
ﬁ .
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T able 19 '

Composition (% by wt,) Batll Formation He ‘Bonding Property
Pb| Sanfltn|solculNi]Bi]zalag]au|Pt[Pd| P
10 ) Balancqd .1 |t ) ' [e) 1 Good
0 | fulaacd B. 01 ) 049 61 O i? Good
10 ] Balaacy 0.1 0.8 0.3 O 12 Gaoad
10 | dataace 0.3 s .0 O 13 Good
19 | Balancd 0.1 i 4.9 O ¥ Good
1 | 3iliacd T O A L] O t2 Good
THERDY 0.5 J0.6 10 O 13 ' Good
19 ] Balaacy 0.6 |0t 1.0 o 12 Good
10 | dalaned 0.8 P ' ] O }; Good
W | datancd 0.6 |03 ) i o) 1) Good
W | datance 0.8 0.1 7.0 O ] Good
1 | 8alaacs 6.7 |0t 8.0 O H Good
10 | Bataonc 0.9 0.0 19. 0 O 12 Good
Balaace L.e O 1 Good
Balaacd R 1.8 O 1 Good )
Balancy NEIX 10. ¢ [0) 1 Goad ~
Balaacy 0.5 {03 O 13 Good
Bataacy 0.1 (03 O 13 Good
Buliacy Lo O 12 Good
Balaacy 20 (o) 12 Good
Balsacy 2.0 O 12 Good
Balracy 9. 41 (@) 14 Good
Batancy 0.1 O 10 Good
Balaacd 1.4 (@) 12 Good
Balaacy N O i1 Good
Baliac 14. 0 0 13 Good
Batuacy 20. 0 o - 1§ Good @
Bataae 0. 01 (@] 10 Good " E
Balancy il ’ O 10 Good O g
Balaace Lo (@) 1 Good Cc:% St
Baloncd 5.4 o) T Good =i
8alaacy e (o) 18 Good g ﬁ
Baline | TY) O 19 Good o ;‘%
et
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T a b 1l e 20 ) . . -
Composition (3% by wt.) Ball Formation He Bonding‘Property
Snfia|Sv|cu|Ni|Bi|zn]lAaglAau|Pt]|Pd] P
EPRETYY R (@) 19 Good
Jalnc ' [ ] Q 1] Good
Jalrac I} O 12 Good
31lsacy 5.8 O 1t Good
| 32t13c4 10. 4 @) 13 Good
| 3ai2acd 20. ¢ O 13 Good
| 3:laacd 0. 01 O 18 Good
Ialaacy 0.1 Q 10 Good
Jalracy i.9 O ¥ Good
Jalaac 5.0 ! Q 12 Good
dalaacy 10, 9 (@) 13 Gooad
Jalancy BT O - 15 Good
3alanty (A] 0. 01 O i Good
Balancd Ll 6.1 O i Good
Batancd 61 1.0 O i? Goaod N
Balaace L0 3.4 o) 13 Good 2"
Balancy 2.8 5 () 14 Good
Balance 3.0 i (@) H Good
Balaace L4 il (@) 18 Good
Balaned il [N} Q 16 Good
Balance 5. 0 10, 0 ®) i1 Good
Batancd 10. 0 120. 0 o 1] Good
Balaacy 8.0 0. 41 (@) L1 Good
Balaacy 6.1 0.1 O 1l Good
Balancy .0 1.6 O i? Good
Balzncy 3.0 5.0 O H Good
Balaace 5.0 19, 0 O 1 Good g
Balaat 18.0 20. ¢ (0] 20 Good ) g;;
Balancd 00 ' 8. 01 [6) 11 Good o 2
Bilance 01 01 O 1 Good 8 1=
Balaae 1.8 i 8 O 12 Good j %
Balaacy 1.0 . 5.0 o] H Good 32
Balaace 5. 0 j1e. 4 ) 11 Good @ %
=




T a b e 21
Composition (% by wt.) Ball Formation Ha Bonding Property
PblsSn [in|sbolculNi|lBilzalaglaulrc]Pd] P -
Bafascy 10. 0 20. Q ] Good
Lalaac L3 0. 81 O] 11 Good
Bulaacd i1 8.1 O 1 Good
Jalanee 1@ 1.0 O 11 Good
Jalancy 10 30 O 1l Good
821sacy F ] o, a QO Y] Good
31lyacy 1.0 fa. o 0 1) Good
Saleacy LINEXT ) 14 Good
dalanc .1 et z 0 10 Good
Baleac .3 | LD O 12 Gaood
Befaacd 3 139 @) 12 Good
Batancd N ER O (1 Good
Balaace N RN Q 13 Good
Bataac o Jloo O 16 Good
Balisce 9.0 Ro.0 o 20 Good P
Batapee INIREN T 6. 0941 Q 10 Good
Baluncd 1 jLe 0. 00§ O I Good
Balaacy 8.2 {58 0. 02§ O 1 Good
Batancy L0 jle.e 0.1 0 u Good
Bataacd 0. 01 0. 81 0] 1] Good
Balaney 10 L0 O V] Good
Balance L0 30 O 11 Good
Balaney 16, 0 l26. 0 ¢] 2 Good
Balaacy 0. 01 0. 61 ¢. 0401 O 1] Good
Balaacd 0.1 Lo 0. 805 O 11 Good ,
Balancy ) . 4 0. 02§ O I Good ;??
Balancd Lt Jo. e 01 Q 4 Good i~ k-
Balaace 0. 81 0. 01 Q 1] Gaod ~0
Balaged 18 'I..O' ) i1 Goad (C_?} %
Balaacq 10 5.0 O ] Gaod - T
Balancd 16, ¢ 20. 0 6] 20 Good B i3
Biliocd 0. 01 AT % 000t 9 T Good & lgm
Balancy [ Lo 0. 00§ O 1 Good %

u————"
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T a b 1l e 22

. Composition (% by wt.) Ball Formation Hs Bonding Properyy
Pb|Sn lnjfSvlculNilBi ZanjAglAu]lp Pd P .

Balaac 0.2 i 0. 025 O 12 Gaod

Balaacy N} 14. 9 0.1 O H Good

Bilaacy 4. 01 0. 01 O] ) Good

Balaaey .0 L O 12 Good

Baliacy 10 3.0 O 11 Good

Balznce i0. ¢ 20. 0 O {] Good

Jataacy 6,01 801 0. 0001 O 10 Good

Balaacy 0.1 LY |0 605 [®) 1 Good

Bafancd (] 3.0 |02 O 12 Good

Balaacy L0 1.0 0.1 O i Good

Batancy 8.01 (0 o1 X1 O 11 Good

Balaace L1 ot 0.1 O i Goaod

Balaace L1 ojot (N Q 12 ‘Good

Balaace Lo Jos 30 O 13 Good w

Balingy L9 (0.7 3.0 Q H Good o

Balyacy Lo Lo 3.0 0] 1§ Good

Baliney L0 L 5.0 O 1§ Good

Biliacay AN 1.0 Q 11 Gaod

Biliacd L0 L 19. 0 @] 1] Good

Bilagce 1.0 240 24, 0 (@) U Good

Balaacy 0.91 6 01 4. 01 Q 1 Good

Balaace (NEN | (o] i Good

Balancs L8 0.5 Lo (o] 12 Good

Balaacd 10 j1.0 5. 8 (@] 1 Good

Balaace 5.0 L3 14. ¢ (o] 14 Good %
Baliace 10.0 |20 20. 0 ] 2 Good =

M L

Batanesy 0. 01001 0. 0) Q i Good <@ (:3;
Balancy 0.1 fot 01 O {1 Good o B
Y 10 o3 L0 o T Good S IS
Balang .0 |Le 5.0 (0] 1 Good - 3
Balaac 5.0 )Ls 10, 9 @) 13 Good § o
Biliacd 0.6 |20 20. 0 o) " Good q &
Bilan 6001001 | 0. 01 o u Good | =
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M &
Composition (% by wt.) Ball Faormation Ha Bonding Property
PbiSn fn]Sb|Cu|Ni|JBi]ZnlAg|Au|Pt|Pd
Balaoce RENELN 0.1 0O I Good
Balaacy L0 ]as 1.0 o] 12 Good
Balancs Lo 58 (0] 1 Gonod
Balasce 5.0 [ L§ 6. ¢ 0 1] Good
Balancd 1.0 | 2.4 20. 0 0 21 Gaod
Balancd 0.0 0. 01 20 0 il Good
Balaacy 8. L 0. 1 ! o) ! Good
Balaincy 01 0.t {. 4 0] 12 Good
Balaaed 1.8 0.5 10 O 11 Good
Balaacy .0 6.1 i 0 QO t Good
Balaacy 1.0 1.0 il 0] 15 Good
Balancd 9 1.4 30 O 16 Good
Balaacd ] 1.4 7.0 O Y] Good
Balaney 5.0 1.0 0.9 (] 18 Good
Balaacy 18. 0 2.0 26. 0 O 11 Good
falancy 6. 01 6. 01 0. 01 0] i Good 2
Balancy 0.1 0.1 0.1 O 1 Gaod
Bilancd 0.1 (! (] O 1 Good
Balanc | 0.5 .0 0 13 Good
Batancs 20 0.1 it O " Goad
Balaacq 10 1.0 50 o] 1§ Good
Baluacy L0 1.0 50 O 16 Goad
Brlaacd 5.0 ] 1. ¢ O i1 Good
Bafance 5.0 Lo e o 0] 18 Goad
Buluncd 10. 4 X 0. 8 0 u Good
Balaged 8. 01 0. 01 0. 0\ 0 1 Good
Balaace 0.1 0.1 0.1 (@] i1 Good %
Bilaaee 0.1 01 1.0 0} 12 Good N t’;;
Balaacs L0 05 X 0o 13 Good 0 3
Y ) 01 5. 0 o) T Good e iz
T 3.0 L4 5. 4 Q 15 Good = iz
Biliace 00 14 5.0 o 16 Good Z =
Bilines 5.0 L0 1.0 o) i Good @ PR
&
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Composition (% by wt.) Ball Formation Ha Bonding Property
Ph Snlin|SbiCufNi]lBijzZanlAaAglaulPcelpPal P ’
Balracy NN (W] 10. 0 Q 18 Good
Balancy 19, 0 L0 AL O {1 Good
Balaacy i 01 0. 01 8. 01 O] H Good
Balancy i 6t 0.1 O {1 Good
daliacy 01 01 .9 9] 12 Good
Balaacy L@ 0.3 Lo (8] 11 Good
Balaacy 1N} 0.1 il o I Good
Balaneg 10 i 3.0 o] 1] Good
Baliacy {0 L 3. 0 ) 15 Good
Bafaacy 5.0 1.4 I} N O 11 Good
Balaacy i e 1.0 10. 0 O ¥ Good
Bilaace 10. 8 ) . l2o. 0 [o) 22 Good
Balaneq 0. 4 6. 00)0.0 O i Good
Balaace 01 .1 fal Q Lt Good
Balancy 6.3 5 | LD O 12 Good
Balaacy 6.3 0.5 |50 o] 13 Good ('3
Balaocs Lo LO 5.0 (@) I Good
Baligey {8 .8 |5.0 0] 15 Good
Buiancd 5.0 1.0 f10.0 o) 19 Good
Balaacd 10. 8 19, 0 20,0 o) 26 Good
Baluncy 861 6. 0100 0. 0001 O i1 Good
Balaacd 0.3 6.1 |L@ 0. 005 O 12 Gaod
Balaacy 1.4 0.2 |5.0 0. 028 O §] Good
Balaacy 5.0 3.0 Jlo.0 0.1 () 1] Good ——-?
Balaacy 0. 01 9. 01 0. 01 O 11 Good |
Balanee 0.3 1o L0 Q 12 Good :
Balaacy 5.0 3.8 5.0 (@) i1 Good
Bulauce 10. 9 10. 0 20. 0 O 26 Good
Balince 0. &8 g 01 0. 01 0. 0801 O 11 Good
Balaaced 0.5 01 1.0 0..005 O 12 Good
Balaace (] 0.2 5.0 g 025 O 13 Good
Balaacy ] 10 f10. 9 01 O i8 Good
Belaned 6. 0l 0. 01 | 0. 0t o) 1 Good
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Composition (% by Wt‘). Ball Formation H, Bonding Property
Pb|Sn In{Sb|Cu|Ni|BilZn|lAglAulPt]lPd P
Balincy 3 I @ (] O 12 Good
Falancy 50 1.0 5.0 O it Good
Bulaned 14. ¢ ne. o RO 4 (o] 2% Good
Balancd 0. 01 0. 01 0. 41 0. 0044 o] 1 Good
Balancy %3 01 i. ¢ 0. 04§ O 12 Good
Bilaacy L 02 5.0 0. 02§ (@) 8] Good
Balaac 5.8 L0 . o 01 0] 1] Good
Balaacy i 01 8. 41 6. 41 Q 1 Good
Bataac %3 1.0 .0 (@) ¥ Gooad
Balunce 5.0 30 50| - o i Good
Baliacy 14,4 10, 4 10, 0 ) 1] Good
Balancy 0. 01 0. 01 0. 01 | 0. edy 0 ! Good
Balaneq 0.5 01 1.0 |0.005 O 12 Good
Balaace Lo 0.2 5.0 Jo.025 (o] 13 Good
Balsacy 5.8 30 1.0 0.1 (o) 18 Good
Balancd 0. 01 0.00[0 0t O {1 Good
Balaned U] Lo JLO O 11 Good
Balance Lo 1.0 |50 (@) " Good
Balancy 2.0 1.4 120.¢ O ] Good
Bilaacy '] 0. 01 0 01 (@) 1] Good
Balancy 0.3 | 1.0 O i1 Good
Bilance 2.0 10. [20. 0 0 ] Good
Bulascd 6. 01 061 8.0} 0 1 Good
Balaace 035 1.4 (] o) 12 Good
Balaney 2.4 1. @ 20. 0 O 11 Good
Bifancd 0. 01 0. 01 0.01 0 1l Good
Bafancd 0.3 14 10 O 11 Good
Baleacs 2.4 0. 0 0. 0 [o) i Good
Bulance 0. 01 0. 01001 ’ O i Good
Balancd L] L.éjLD (0] 12 Good
Balaacy (4] 1.0 {450 O 1) Good
Baluncy 2.0 TN o) u Good
Baluncs 60l N 0. 01 o i Goad
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Composition (% by wt.) Ball Formatioan Ha Bonding Property
Pb|Sn In}SbiCufNi ZolAglAulPt|Pd
baluned 0.5 Lo Lo 0 12 Good
Balagcy L0 10, 0 20.0 0 2 Good
Balancy . 0t 6.0 0. 8l ®) 1 Good
§2liazg 0. 3 .0 (W] Q 12 Good
Balaacy . 10, 0 20. 0 0] 3! Good
31lancy 0. 81 0. 01 0 0 o) 11 Good
Bilaace 03 (' 1@ 0] 12 Good
Bulsnce L0 10.9 20. 0 (0] 11} Good
Baluacy 0. 81 ¢t .01 0 01 (@) i Good
Balancy L8 |63 LY | 1.0 O 13 Good
Balaacq L0 | N O H Good
Baliacy 0o |2 10.4 20,9 (@] 2§ Good
Biluncy L0je0n 9.0) 0. 0t O H Good
Bataace Lo {05 I ¢ 1.0 Q 13 Good
Balanc 1.0 | 2.0 19, 0 19. 0 O 26 Good
Balasce 001001 041 0. 01 o) I Good X
Badancd 1.4 |40.3 Lo Lo O 13 Good
Bataac 1.9 2.0 19, 8 10, 0 O 26 Good .
Balunce 0. 01| 0. 01 0. 01 0. 01 0] 1l Good
Balance Lo ]es 1.0 .8 (o) 13 Good
Balaacy 16.0 |20 10. 10. ¢ (0] 26 Good
Balaace 0. 01 0. 04 0. 8016 01 Q I Good
Balance N 0.5 Lo JL o] 13 Good
Balaacy 5.8 Lo (N EN] (@) IH Good
Balancy 19. 0 2.0 10. 0 J30, 0 (@) 26 Good g
Balaney 8. 0t 601 0 01 0. 01 (@) 11 Good 2
Bulance L g 0.5 L 10 /o) 13 Gaod N RS
Balancd 10. 9 20 X 10, Q 2 Good it 3t
T 0. 41 001 0. 04 001 o 1l Gaod b= = !
Buliacd N 05 L4 10 0 1" Good N %
Balance 10, 8 X 1. ¢ 0.0 | o ] Good 8
Biliacd 00t o0 L1 50l 0 i Good o BB
Balaae L0 fO.5 1.0 1.0 (@) 13 Good é
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What is claimed is:

1. A semiconductor package.connecting method for electrically

.connecting a semiconductor package to a substrate, said method compris-

ing steps of:

forming a ball having a Brinell hardness number of HB 6 or higher
by heating the tip of a f;ne alloy wire produced by drawing an alloy
material containing Pb, Sn or In as a principal element and p?oduced by
quench solidification;

pulling the alloy wire away from a semiconductor package or a
substrate after joining the ball to an aluminum alloy wiring line formed
on the semiconductor package or an aluminum alloy wiring line formed on
the substrate to separate the alloy wire from the ball and to leave the
ball as a bump contact on the aluminum alloy wiring line of the semi- h o
conductor package or on that of the'substrate; and

electrically connecting the semiconductor péékage to the sub-
strate through such bump contacts.

2. A semiconductor package connecting method according to Claim
1, wherein the alloy wire is passed through a capillary tube employed in
a wire bonder, and the balls are joined to the aluminum alloy wiring
lines by a wire bonding method.

3. A semiconductor package connecting method according to Claim
1, wherein the alloy forming the alloy wire contaiﬁs, as an additive

element or additive elements one or some elements among Be, B, C, Mg,

Al, si, P, Ca, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, 2n, Ga, Ge, Se, Zr, Nb,

Mo, Pd, Ag, Cd, In, Sn, Pb, Sb, Te, Ir, Pt, Au and Bi,
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4. 1A semiconductor package connecting method according to Claim

1, wherein the Brinell hardness number of the ball is in the range of HB

6 to HB 26.

5. A semiconductor package connecting wire formed by drawing an

‘alloy material produced by quench. solidifying an alloy containing Pb, Sn

or In as a principal element, and an‘édditive element or additive

elements, and capable of forming a ball having a hardness of Brinell

hardness number 6 or higher when its tip'is heated.

6. A semiconductor package connecting wire according to Claim S,

wherein the alloy contains one or some elements among Be, B, C, Mg, Al}

si, P, Ca, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, 2Zn, Ga, Ge, Se, 2r, ¥b, Mo, -

Pd, Ag, Cd, In, Sn, Pb, Sb, Te, Ir, Pt, Au, Tl and Bi.

7. A semiconductor package connectiné wire according to Claim §,

wherein the Brinell hardness number of the ball is in the range of HB 6

to Hy 26.
8. A semiconductor device comprising:

a substrate; and

-
<

a semiconductor package electrically connected to the substrate

through a bump contacts formed by attaching balls each formed by heating

the-tip of a fin alloy wire formed of an alloy material produced by

quench solidifying an alloy containing Pb, Sn or In as a principal

element;

wherein wiring lines formed on the substrate or on the semicon-

ductor package are formed of an aluminum alloy, and the Brinell hardness

number of the balls is HB 6 or higher.
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9. A semiconductor device according to Clain:.a, wherein the

alloy wire is passed through a capillary tube employed in a wire bonder,

and the balls are joined to the aluminum alloy wiring lines by a wire

bonding method.

10. A semiconductor dévice according to Claim 8, wherein the

.alloy material forming the alloy wire contains, as an additive element

or additive elements, one or some elements among Be, B, C, Mg, Al, Si,
P, Ca, Ti, Vv, Cr, Mn, Fe, Co, Ni, Cu, 2Zn, Ga, Ge, Se, Zr, Nb, Mo, P4,
Ag, Cd, In, Sn, Pb, Sb, Te, Ir, Pt, Au, Tl and Bi. .

11. A semiconductor device according to Claim 8, wherein the
Brinell hardness number of the ball is in the range of HB 6 to HB 26.
" 12. A semiconductor device according to Claim 8, whe'rein' the.
semiconductor device is of a flip-chip mount type.

13. A semiconductor device according to Claim 8, wherein the

semiconductor device is of tape carrier bonding typ‘e.
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" ABSTRACT OF THE DISCLOSURE

SEMICONDUCTOR PACKAGE CONNECTING METHOD, SEMICONDUCTOR

PACKAGE CONNECTING WIRES AND SEMICONDUCTOR DEVICES

A method of electrically connecting a semiconductor package ta a
substrate by using bump contacts formed by heating the tip of an alloy
wire and directly joined to aluminum alley wiring lines, an alloy wire
for such a purposa, and a semiconductor device constructed by electri-’
cally connecting a semiconductor package to a substrate by such a
method. The alloy wire is produced by drawing an alloy mate:.;ial pro-
duced by quench sclidifying'_ an alloy céntaining Pb, Sn or In as a
principal elamenﬁ, and an additive element or additive elements. The
tip of the alloy wire is heated to form a ball to be joined to the
aluminum alloy wiring line as a bump contact. The Brinell hardness

‘number of the ball is By 6 or highex.

{Figures 2 and 6)
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Recently, aluminium alloys, such as Al-5i and Al-Cu-Si,
have become used widely as wiring materials for semiconductor
chips for their capability of suppressing electromigration
and of improving the reliability of semiconductor chips. In
attaching the ball directly to the aluminium alloy wiring
line of a semiconductor package of a substrate by this known
semiconductor package connecting method, the aluminium alloy
wiring line must be heated in a flux containing CuClz, ZnCl
NH,C1, snCl, or HCl to remove an oxide covering the surface

2'

of the aluminium alloy wiring line, which requires an
additional process and time and increases the cost of the
semiconductor device.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to
form a bump electrode by using an alloy wire produced by
guench solidification and to bond the bump electrode directly
to an aluminium alloy wiring line.

In one aspect of the present invention, a method for
electrically connecting a semiconductor material to a
substrate comprises steps of (a) forming a connecting
material, comprising a ball of a Brinell hardness number of 6
(hereinafter referred to as "HBS“) or higher, by heating the
tip of an alloy wire produced by rapid-quenching an alloy,
said alloy comprising:

a principal element selected from the group consisting
of Pb and Sn;

0.01 - 10 wt% Sb; and

0.01 - 10 wt% Zn, wherein said Sb and Zn form an
intermetallic compound with a substrate upon connecting said
semiconductor material to said substrate with said connecting
material and said Zn occludes into said substrate;

(b) pulling the alloy wire off the ball with the ball bonded
to an aluminium alloy wiring line of a semiconductor material
or a substrate to form a bump electrode on the aluminium
alloy wiring line, and (c) connecting the semiconductor
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material to the substrate with such bump electrodes.

In another aspect of the present invention, a connecting
material for semiconductor material is a wire produced by
rapid-quenching an alloy, said alloy comprising:

a principal element selected from the group consisting
of Pb and Sn;

0.01 - 10 wt% Sb; and _

0.01 - 10 wt% 2n, wherein said Sb and 2n form an
intermetallic compound with a substrate upon connecting said
semiconductor material to said substrate with said connecting
material and said 2n occludes into said substrate; and said
alloy being capable of forming a ball of HBS or higher when
its tip is heated.

Preferably, the alloy forming the wire comprises one or
more additive elements selected from the group consisting of
Cu, Ni, Ag, Pt, Pd and P.

In a further aspect of the present invention, a
semiconductor device comprises a semiconductor material
electrically connected to a substrate by means of bump
electrodes formed by bonding connecting material, comprising
balls each of which is formed by heating the tip of an alloy
wire formed from an alloy material produced by rapid-
guenching an alloy, said alloy comprising:

a principal element selected from the group consisting
of Pb and Sn;

0.01 - 10 wt% Sb; and

0.01 - 10 wt% Zn, wherein said Sb and 2n form an
intermetallic compound with a substrate upon connecting said
semiconductor material to said substrate with said connecting
material and said Zn occludes into said substrate; wherein
the wiring lines of the semiconductor material or the
substrate are formed of an aluminium alloy, and balls serving
as the bump electrodes have a hardness of HBB or higher.

Preferably, the alloy forming the wire comprises one or
more additive elements selected from the group consisting of
Cu, Ni, Ag, Pt, Pd and P.

The ball of the alloy of a hardness of HBG or higher
disrupts the oxide film, which has a hardness in the order of
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Hp12, and which covers the aluminium alloy wiring line. The
disruption is sufficient to allow metallurgical bonding
between the ball and aluminium alloy wiring line, by
diffusion between the fresh ball and the fresh surface of the
aluminium wiring line.

It is known that the pressurised contact of the ball,
having a hardness of Hj6 or higher with the oxide layer of
the aluminium wiring line having hardness of Hpl2, causes
disruption of the oxide layer by minute perforations or
interstices being formed in the surface of the oxide layer.
These perforations, which may be of molecular scale in size,
are sufficient to allow metallurgical bonding.
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The alloy wire 3 is formed of an alioy consisting of Pb,
Sn or In"as a principal element, and additive elements and
produced by a quench solidifying process. The alloy wire 3
may contain on; or some additive elements among Be, B, C, Mg,
Al, s8i, p, Ca, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, 2n, Ga, Ge, Se,
2r, Nb, Mo, P4, Ag, Cd, Sb, Te, Ir, Pt, Au, Tl and Bi. An
alloy not containing Pb, Sn or In as the principal element
may contain Pb, Sn or In as an additive element.

Wﬁen guenched, many lattice defects are formed in the
alloy forming the alloy wire 3, minute crystal grains develop
in an unegquilibriated phase to produce a forced solid
solution of the component elements. When the alloy is drawn
to produce the alloy wire 3, lattice defects are formed by
work hardening, and the structure of the alloy is solution-
hardened by the additive elements.

As shown in Fig. 2, the alloy wire 3 thus produced is
passed through a capillary tube 4, and then the tip of the
alloy wire 3 is heated with an electric torch 5 to form a
ball 3a having a hardness of HB 6 or higher. Then, as shown
in Fig. 3, the capillary tube 4 is lowered to bond the ball
3a foimed at the tip of the alloy wire 3 to the aluminium
alloy wiring line 2a formed on the semiconductor chip 3.

The bd1ll 3a having a hardness of Hy
sufficiently disrupts the oxide film coating of the surface

6 or higher

of the aluminium wiring line 2a, which has a hardness of the
order of Hy 12, and the ball 3a is metallurgically bonded
directly to the aluminium alloy wiring line 2a by diffusion
between the surface of the ball 3a and the new surface of the
aluminium alloy wiring line 2a. Subsequently, as shown in
Fig. 4, the capillary 4 is raised to separate the ball 3a
from the alloy wire 3 to leave the ball 3a as a bump contact
3b on the aluminium alloy wiring line 2a. When the tip of the
alloy wire 3, namely, the ball 3a is heated, the
unequilibriated phase disappears and the crystal grains grow
large in the junction of the alloy wire 3 and the ball 3a to
reduce the tensile strength of the junction, so that the
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junction yields and breaks readily when the alloy wire 3 is
raised by the capillary.

Then, as shown in Fig. 5, semiconductor chip 2 is placed
on the substrate 1 with the bump contacts 3b bonded to the
aluminjum alloy wiring lines 2a in contact with the wiring
lines la of the substrate 1, and then heat and pressure are
applied to the bump contact 3b to connect electrically the
aluminium alloy wiring lines 2a of the semiconductor chip 2
and the wiring lines la of the substrate and also to bond the
semiconductor chip 2 to the substrate 1. Although the
sphericity of the balls 3b can be improved by heating the
balls 3b in the atmosphere of a flux of a chloride or an
iodide before placing the balls 3b in contact with the wiring
lines la of the substrate 1, the balls 3b may be bonded to
the wiring lines la without causing them to reflow.

Fig. 6 shows a semiconductor device A in another
embodiment according to the present invention. This
semiconductor device A is of a so-called tape carrier bonding
type, in which bump contacts 3b are formed on the aluminium
alloy wiring lines 2a of a semiconductor chip 2, film leads 7
formed for example, by plating strips of a Cu foil with Sn or
Au are bonded to the bump contacts 3b and the wiring lines la
of a substrate 1.

In the foregoing embodiments, the aluminium alloy wiring
lines 2a are formed on the semiconductor chip 2 and the balls
3a are bonded to the aluminium alloy wiring lines 2a as the
bump contacts 3b. The wiring lines la of the substrate 1 may
be formed of an aluminium alloy and the balls 3a may be
bonded to the wiring lines la of the substrate 1 as the bump
contacts 3b.

Tables 1 to 27 show the properties of alloys in
comparison with those of controls in terms of the respective
compositions of alloys forming alloy wires, the ball forming
property of the alloy wires, the hardness of balls formed by
heating the alloy wires, and the capability of bonding to the
Al-Si alloy wiring lines. Examples 26-33 of each of Tables 6,
8, 10 and 12; Examples 13-33 of Table 24; Examples 1-15 of
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Table 25; Examples 9-33 of Table 26; and Example 1 of Table

27 illustrate alloys in accordance with the present
invention.

The ball forming property is evaluated by the shape of a
ball formed by arc discharge between the tip of a sample
alloy wire passed through a ceramic capillary tube and an
electrode disposed near the tip of the sample alloy wire in
an argon gas atmosphere containing 5% in volume hydrogen gas.
In the tables, a circular mark indicates that the ball has
satisfactory sphericity and smooth surface morphology.

Thus, the present invention has the following
advantages.

The ball of a hardness of HB 6 or higher formed on the
tip of the alloy wire produced by drawing a quench solidified
alloy disrupts an oxide film coating the surface of the
aluminium alloy wiring line, and the ball and the aluminium
alloy wiring line are bonded together metallurgically by
mutual diffusion between the new surface of the aluminium
alloy wiring line and the new surface of the ball, and hence
the ball formed on the tip of the alloy wire can be directly
joined as a bump contact to the aluminium alloy wiring line.

Thus, the present invention enables the omission of a
step of removing the oxide film coating the surface of the
aluminium alloy wiring line, which reduces time and cost for
assembling the semiconductor device.

Although the invention has been described in its
preferred forms with a certain degree of particularity,
obviously, many changes and variations are possible therein.
It is therefore to be understood that the present invention
may be practised otherwise than as specifically described
herein without departing from the scope and spirit thereof.



LX)

. {REPLACEMENT SHEET
22 SEP 1999

sggpstitgte sheet — 20 September 1999

e— RN

1. A method for electrically connecting a
semiconductor material to a substrate, said method comprising
steps of:

(a) forming a connecting material, comprising a ball
having a Brinell hardness number of HBG or higher, by heating
the tip of an alloy wire produced by drawing an alloy
material produced by rapid-quenching an alloy, said alloy
comprising:

a principal element selected from the group consisting
of Pb and Sn;

0.01 - 10 wt% Sb; and

0.01 - 10 wt% 2Zn, wherein said Sb and Zn form an
intermetallic compound with a substrate upon connecting said
semiconductor material to said substrate with said connecting
material and said Zn occludes into said substrate;

(b) pulling the alloy wire away from a semiconductor
material or a substrate after bonding the ball to an
aluminium alloy wiring line formed on the semiconductor
material or an aluminium alloy wiring line formed on the
substrate to separate the alloy wire from the ball and to
leave the ball as a bump contact on the aluminium alloy
wiring line of the semiconductor material or on that of the
substrate; and

(c) electrically connecting the semiconductor material
to the substrate through such bump contacts.

2. A method according to claim 1, wherein the alloy
wire is passed through a capillary tube employed in a wire
bonder, and the balls are bonded to the aluminium alloy
wiring lines by a wire bonding method.

3. A method according to claim 1, wherein the alloy
forming the alloy wire comprises at least one element
selected from the group consisting of Cu, Ni, Ag, Pt, Pd and
P.

4. A method according to claim 1, wherein the Brinell
hardness number of the ball is in the range of Hg6 to Hp26.
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5. “ A connecting material for semiconductor material
comprising a ball having a Brinell hardness which is greater
than 6, said ball being formed by heating the tip of an alloy
wire, wherein said alloy wire is formed by drawing an alloy
material produced by rapid-quenching an alloy, said alloy
comprising: :

a principal element selected from the group consisting
of Pb and Sn;

0.01 - 10 wt% Sb; and

0.01 - 10 wt% 2n, wherein said Sb and Zn form an
intermetallic compound with a substrate upon connecting said
semiconductor material to said substrate with said connecting
material and said Zn occludes into said substrate.

6. A connecting material according to claim 5, wherein
the alloy of the alloy wire comprises at least one element
selected from the group consisting of Cu, Ni, Ag, Pt, Pd and
P.

7. A connecting material according to claim 5, wherein
the Brinell hardness number of the ball is in the range of
HBS to HBZE.

8. A semiconductor device comprising:

a substrate; and

a semiconductor material electrically connected to the
substrate through bump contacts formed by bonding connecting
material, comprising balls each of which is formed by heating
the tip of an alloy wire formed from an alloy material
produced by rapid-quenching an alloy, said alloy comprising:

a principal element selected from the group consisting
of Pb and Sn;

0.01 - 10 wt% Sb; and

0.01 - 10 wt% Zn, wherein said Sb and Zn form an
intermetallic compound with a substrate upon connecting said
semiconductor material to said substrate with said connecting
material and said 2n occludes into said substrate;

wherein wiring lines formed on the substrate or on the
semiconductor material are formed of an aluminium alloy, and
the Brinell hardness number of the balls is Hg6é or higher.
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9. A semiconductor device according to Claim 8,
wherein the alloy wire is passed through a capillary tube
employed in a wire bonder, and the balls are bonded to the
aluminium alloy wiring lines by a wire bonding method.

10. A semiconductor device according to Claim 8,
wherein the alloy forming the alloy wire comprises at least
one element selected from the group comnsisting of Cu, Ni, Ag,
Pt, Pd and P.

11. A semiconductor device according to Claim 8,
wherein the Brinell hardness number of the balls is in the
range of HBG to HBZS.

12. A semiconductor device according to Claim 8,
wherein the semiconductor device is of a flip-chip mount
type. _

13. A semiconductor device according to Claim 8,
wherein the semiconductor device is of tape carrier bonding
type. '

14. A method according to any one of Claims 1 to 4,
substantially as hereinbefore described, and with reference
to and as illustrated in the accompanying drawings.

15. A connecting material according to any one of Claims
5 to 7, substantially as hereinbefore described, and with
reference to and as illustrated in the accompanying drawings.

16. A semiconductor device according to any one of
Claims 8 to 13, substantially as hereinbefore described, and
with reference to and as illustrated in the accompanying
drawings.
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