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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 ~onnecting 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, 

Sn or In as a principal eiement. 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 wiri~9 line. The semiconductor package 

and the substrate are connected by means of such bump electrodes: 
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Recently, ~luminum alloys, such as Al-Si and Al-CU-Si, have 

become used widely as wiring materials for semiconductor chips for their 

capability of suppressing electromigration and of improving the reli-

ability of semiconductor chips. In attaching the ball directly to the: 

aluminum alloy wiring line of a semiconductor package of a substrate by 

this known semiconductor package connecting method, the aluminum alloy 

wiring line must be heated in a flux containing CUC12 , ZnC12 , NH4 Cl, 

SnC12 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 device. 

SUMMARY OF "THE INVENTION 

Accordingly, it is an object of the present invention to form a 

bump electrode by using ~n.alloy wire produced by quench solidification 

' 
and to bond the bump electrode directly to an aluminum 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 11~ &") 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 conn~cting the semiconductor 

package to the substrate with such bump electrodes. 
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In another aspect of the present invention, a semiconductor 

package connecting material is a fine wire produced by quench solidify-

ing 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, V, Cr, Mn, 

Fe, Co, Ni, Cu, Zn, Ga, Ge, Se, Zr,. Nb, Mo, Pd, Ag, Cd, In, Sn, Pb, Sb, 

Te, Ir, Pt, Au, Tl and Bi. 

In a further aspect of the present invention, a semiconductor 
•1 

device comprises semiconductor packages 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,. 

Sn or In as a principal e~ement, wherein the wiring lines of the semi~ 

conductor packages or the substrate are formed of an aluminum alloy, and 

balls serving as the bump electrodes has a hardness of H8 6 or higher. 

Preferably, the alloy forming the fine wire consists of a prin-. 
. oipal element and one or some of additive elements among Be, B, c, Mg, 

Al, Si, P, Ca, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga, Ge, Se, Zr, Nb, 

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

The ball of the alloy of a hardness of HB 6 or higher destroys an 

oxide film of a hardness oti the order of HB 6 and covering the surface 

of the aluminum alloy wiring line, and the ball and the aluminum alloy 

wiring line are bonded metallurgically by the diffusion between the 

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

The ab6ve 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 embodiment according to the present invention; 

Figures 2 to 5 are enlarged fragmentary longitudinal views 

showing steps of connecting a semiconductor package to a substrate; and 

Figure 6 is a longjtudinal 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 cons~ructed by disposing a semiconductor chip 

(semiconductor package) 2 in the central area of the 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 chip 2 to those of the wiring lines la, i.e., CU lines 

plated with Sn or Au, arranged on the upper surface of the substrate 1 

with bump contacts 3b, and sealing the semiconductor chip 2 and 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 ~e tip of an alloy wire 3, i.e., a 

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 quench 

solidifying process. The alloy wire 3 may contain one or some additive 

elements among Be, B, c, Mg, Al, Si, P, ca; Ti, V, Cr, Mn, Fe, Co, Ni, 

Cu, Zn, Ga, Ge, Se, Zr, Nb, Mo, Pd,. Ag, Cd, Sb, Te, Ir, Pt, Au, Tl and 

~i. An alloy not containing Pb, Sn or In as the principal 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 the alloy wire 3 is 

heated with an electric torch 5 to form a ball 3a having a hardness of 

Ba 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 surf ace 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 

surf ace of the ball 3a and the new surface 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 f rorn 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 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 junction yields and breaks readily when the al~oy 

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 attached to the aluminum alloy 

wiring lines 2a in contact with the wiring lines la of the substrate l, 

and then heat and pressure are applied to the bump contact 3b to connect 

electrically the 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 th~ substrate 1. Although the sphericity of the 
. . 

balls 3b can be improved by heating the balls 3b in the atmosphe~e 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 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 aluminum alloy wiring lines 2a of a semiconductor chip 2, 

film leads 7 formed for example, by ~lating 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. 
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In the foregoing embodiments, the aluminum alloy wiring lines 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 

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. 

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 capillar~ 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 ~ 6 or higher formed on the tip of the 

alloy wire produced by drawing a quench solidified alloy destroy$ an 

oxide film coating the surface of the aluminum alloy wiring line, and 

the ball and the aluminum alloy wiring line are bonded together metal-

lurgically by mutual diffusion between the new surf ace of the alUmintlm 

alloy wiring line and the new surf ace 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 changes 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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Pb Sn I n 

Balance 2 
hi ante z 
Balance 2 
hlauee 2 
Balance 2 
Balance 2 
Ba lance 2 
Balance 2 
Balance 2 
Balance 2 
Balaaee 2 
h!anee 2 
Balance 2 
Balance 2 
Balance 2 
hluee 2 
Ba!aoee 2 
Balance 2 
Balance 2 
Balaaee 2 
Ba I ance 2 
hluce 2 
Baluee z 
Balance 2 
Bal nee 2 
Ba Ince 2 
Bt l Ute 2 
Bal nee 2 
Balance 2 
hluee 2 
Baluee 2 
Ba la ace 2 
Balance 2 

,-
i 

C o m p o s i t i o n (% by wt. ) 
Sb Cu Ni B i Zn Ag Au 

0. 5 0. 05 

0. 5 0. 1 

0. s LO 

0. 5 0. 05 0. l 

0. 5 0. l 0. 3 

0. 5 0. 1 0. 5 
0. 5 0. 5 l. 0 
0. 5 1.0 l. 5 
0. 5 0.05 
0. 5 0. I 
0. 5 n. 1 
0. 5 u 
0. 5 1.0 

0. 5 0. 05 
0. 5 0. 1 
0. 5 t 1 
0. s 0. 5 
0. 5 1.0 

0. 5 0. 05 9. l 

0. 5 o. 1 o. 3 

o. 5 0. 1 0. 5 

0. 5 0. 5 l. 0 

o. 5 1.0 l. 5 
0. 5 o. 05 
0. 5 o. 1 

0. 3 0. 1 
n. s 0. 5 
0. 5 1.0 

0. 5 0. 05 

0. 5 0. l 
0. 5 0. 1 
o. 5 0. 5 
0. 5 1. 0 

,,.-
( 

Tab 1 e l. 

Ba 1 l Formation Ha 
pt Pd I Others 

0 5 

0 5 
0 5 
0 5 
0 5 
0 5 

0 6 

0 6 
0. 1 0 5 
0. 3 0 5 
0. 5 0 5 
1. 0 0 6 
1.5 0 6 

0. 1 0 5 
0. 3 0 5 
0. 5 0 5 
i. o I 0 6 
1.5 0 6 

l 0 5 

0 5 
0 5 

0 6 

0 6 

0. 1 0 5 
0. 3 0 5 
0. 5 0 5 
1. 0 0 6 

1. 5 0 6 
O."l 0 5 
0. 3 0 5 

0. 5 0 5 
I. 0 0 6 
1. s 0 6 

Bonding Property 

Bad 
Bad 
Bad 
Bad 
Bad 
Bad 
Good 
Good 
Bad 
Bad 
Bad 
Good 
Good 
Bad 
Bad 
Bad 
Good 
Good 
Bad 
Bad 
Bad 
Good 
Good 
Bad 
Bad 
Bad 
Good 
Good 
Bad 
Bad · 
Bad 
Good 
Good 
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Pb Sn I n 
Balance 5 
Balance 5 
Ba!aue 5 
Balance 5 
h lance 5 
Balance 5 
Balance 5 
Balance 5 
Baluce 5 
Balance 5 
Balance 5 
Bala nee 5 
Balance 5 
Ba lance 5 
Baluce 5 
Ba I nee 5 
Sa I tnee 5 
Balance 5 
Balamce 5 
Baluce 5 

Baluee 5 
Balance 5 
Balance 5 
Balaue 5 
Ba I uce 5 
Ba 110.ee 5 
Bal nee 5 
Balance 5 
hlance 5 
Balance 5 
hlanee 5 
hi nee s 

Composition (% 
Sb Cu Ni B i Zn 

l 0. l 

3 0. 2 
5 o. 5 

10 LO 

1 0. 1 

3 u 
. 5 0. 5 

10 1.0 

1 n. 1 

3 0. 2 

s 0. 5 

10 1.0 

1 0. 1 

3 0. 2 

5 0. 5 

10 l. 0 
D. 1 1 
0. 2 3 
0. 5 5 
1. n 10 
o. 1 1 

o. 2 3 
o. 5 5 
1. 0 10 

0. 1 l 
0. 2 3 
0. 5 5 

l. 0 10 
0. 1 1 

o. 2 3 
0. 5 5 

1. 0 10 

( T a. b l e 2 (.,.,.... 

by wt. ) 
B a l l Formation Ha 

Ag Au p t Pd Others 

·o 5 

0 6 

0 6 
0 7 

l 0 5 
2 0 6 
3 0 6 
5 0 7 

0 5 

0 6 
0 6 

0 7 

l 0 5 
2 0 6 
3 0 6 

5 0 7 

0 5 
0 6 

0 6 
0 7 

1 0 5 
2 0 6 

3 0 6 
5 0 7 

0 5 

0 6 
0 6 

I> 0 7 

1 0 5 
2 0 6 

3 0 6 

5 0 .. 7 

Bonding Property 

Bad 
Good 
Good 
Good 
Bad 
Good 

G °'o d 
Good 
Bad 

Good 
Good 
Good 
Bad 

Good 
Good 
Good 
Bad 
Good 
Good 
Good 
Bad 
Good 
Good 
Good 
Bad 

Good 
Good 
Good 
Bad 
Good 
Good 
Good 
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Pb Sn 
Baluce 5 
Ba lance 5 
Ba I nee 5 
Balauee s 
hluct 5 
Ba hace 5 
hi nee 5 
Ba I uce 5 
Balance s 
Ba I uce 5 
Ba I u ce 5 
Bl Ince 5 
Ba luce 5 
Bal nu 5 
Balance 5 
hi nee 5 
Balance 5 
Ba I uee s 
hi nee 5 
Balaace 5 
Bl lance 5 
Ba lance 5 
Btluce 5 
Ba lute 5 
Baluce 5 
Baluee 5 
Baluce 5 
hluce 5 
hluce 5 
Baluce s 
hluce 5 
Baluce 5 
Bttuce s 

C o m p o s i t i o n (% by 

I n Sb Cu Ni Bi Zn 
1 o. 05 
3 0. 1 

5 0. 1 

5 o. 5 
1 0. 1 

10 u 
1 n. os 
3 u 
5" 0. I 

5 0. 5 
i 0. 1 

10 1.0 

1 0.05 
3 0. l 

5 0. l 
5 0. 5 
7 0. 7 

10 LO 

1 0. 05 

3 0. 1 

5 n. s 
1 0. 1 

10 1.0 

I 0. 05 

3 0. 1 

5 0. 5 
1 0. i 

10 1.0 

1 0. 05 
3 &. 1 . 

5 0. 5 
7 0. 1 

10 l.O 

( ..... 
. . i 

I 
T a b l e 3 

wt. ) Ba 1 l Formation Hu Bonding Property 
Ag Au pt Pd Others 

0. 1 0 5 Bad 

"'' 
l:I 

" 
t1 I!. 

I 
0. 3 0 6 Good 
0. 5 0 6 Good 
1. 0 0 6 Good 

l. 5 0 7 Good 
2. 0 0 8 Good 

0. 1 0 5 Bad 

0. 3 0 6 Good 

0. 5 0 s Good 

1. 0 0 6 Good 

l. 5 0 7 Good 

2. 0 0 8 Good 

0. 1 0 5 Bad 

o. 3 0 6 Good 

0. 5 0 6 Good 

1.9 0 6 Good 

1. 5 0 7 Good 

2. 0 0 8 Good 

D. 1 0 5 Bad 

a. 3 0 6 Good 

a. s 0 6 Good 

l. 5 0 7 Good 

2. 0 0 8 Good 

a. 1 0 5 Bad 
0. 3 0 6 Good 

0. 5 0 6 Good 

1. 5 0 7 Good 

2. 0 0 8 Good 

o. 1 0 5 Bad 

o. 3 0 6 Good 

0. 5 0 6 Good 

1. 5 0 7 Good 

2. 0 0 8 Good 
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Pb Sn 
Balance 10 
Balance 10 
Balance le 
Sa I ante 10 
Sa lance 10 
Balance 10 
Balance 10 
BallRce 10 
Balance 10 
Balance 10 
Balance 10 
Bal nee 10 
Ba.lance 10 
hluce 10 
Ila lance 10 
Balance 10 
Ba I uce 10 
Ba laaee 10 
Baluce 10 
Balance 10 
Ba luce 10 
Ba I ance 10 
Ba lance 10 
h lute 10 
Ila lance 10 
Baluce 10 
Balance 10 
Ba lance 10 
hluu 10 
lh I uee 10 
Balance 10 
Ba lance 10 

C o m p o s i t i o n (% 

I n Sb Cu Ni B i 

I 1 0. 1 

3 o. 5 

5 1. 0 

10 l. 5 
1 0. 1 

3 o. 5 

5 l. 0 

10 1. s 
l 0. l 

3 0. 5 

ii l. 0 

10 i. 5 

l 0. 1 
3 0. 5 

5 1. 0 
10 l. 5 

0. 1 1 

0. 5 3 

1. 0 5 
1. 5 10 
0. 1 I 

0. 5 a 
1. 0 5 
1.5 10 

0. 1 1 

0. 5 3 

l. 0 5 
!. 5 10 
0. 1 I 

o. 5 3 

I. 0 5 
1. ~ in 

........ 
r 

Table 4 

n 

~ 
.. ~ 

~· d 
by wt. ) Ba l 1 Formation Ha Bonding Property 

Zn Ag Au p t Pd 0 !hers 

0 6 Good 

0 7 Good 

. I 

~ 
~-· , 

0 7 Good 

0 8 
., 

Good 
l 0 6 Good 
2 0 7 Good 

3 0 7 Good 

5 0 8 Good 

0 6 Good 

0 7 Good 

0 7 Good I\ 
0 8 Good 1l 

I 0 6 Good 
., 

2 0 7 Good 

3 0 7 Good 

5 0 8 Good 

0 6 Good 

0 7 Good 

0 7 Good 

0 8 Good 

·! 
I) 

11 

i 
1 0 6 Good 

2 0 7 Good 

3 0 7 Good 

5 0 8 Good 

0 6 Good 

0 7 Good 

0 7 Good 

0 8 Good 

1 0 6 Good 

2 0 1 Good 

3 0 7 Good 

5 0 8 Good 
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Pb S,n I n 

Raluee 10 
Bal nee 10 
Ba lance 10 
Ba lance 10 
Salanee 10 
Bi lance 10 
hlanee 10 
Bala nee 10 
Balance 10 
Ba Ince 10 
Balance 10 
Balance 10 
Balance 10 
Balance 10 
Ba I aoce IO 
hlance 10 
tltlnce 10 
B&lance 10 
Balance 10 
Baluee 10 
Bilamce 10 
hlance 10 
Baluce 10 
hlaace 10 
Ba lute 10 
hluce 10 
hluce 10 
Balance 10 
Baluce 10 
hluce 10 
h!ance 10 
Bal nee 18 
hluce 10 

C o m p o s i t i o n (% by wt. ) 

Sb Cu Ni B i Zn Ag Au 

1 n. ns 0. t 
3 n. t o. 3' 

5 0. 1 0. s 
5 0. 5 1. 0 

7 LO l. 5 

10 1.5 2. 0 
1 0. 05 

3 0. 1 
5 0. 1 

5 o. a 
i 1.0 

10 1.5 
l 0. 05 

3 0. 1 

5 0. 1 

5 0. 5 
1 1.0 

10 1.5 
l· 0. 05 0. l 

3 0. 1 0. 3 

5 0. 5 0. 5 

1 1. 0 1. 5 
10 1. 5 2. 0 

l 0. 05 
3 0. 1 

5 0. 5 
1 l. 0 

10 1. 5 

1 0. OS 
a· 0. 1 

5 0. 5 
i 1. 0 

in 1. 5 

T a b 1 e 5 
(-

B a l l Formation Ha 
p t P d I Others 

0 6 
0 7 
0 7 
0 7 

0 8 
0 8 

0. 1 0 6 
0. 3 I 0 7 
0. 5 0 7 
1.0 0 7 

L5 0 8 
u I 0 8 

0. l 0 6 
0. 3 0 7 
0. 5 0 7 
1. 0 0 7 
1. 5 0 8 
2. 0 0 8 

0 6 

0 7 
0 7 

0 8 
0 8 

0. 1 0 6 
o. 3 0 7 
0. 5 0 7 
l. s 0 . 8 
a. 0 0 8 

o: l 0 6 
0. 3 0 7 
0. 5 0 7 
1. 5 0 8 
2. g 0 8 

Bonding Property 

Good 
Good 
Good 
Good 
Good 
Good 
Good 

Good 
Good 
Good 
Good 
Good 
Good 
Good 

Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 

Good 
Good 
Good 
Good 

Good 
Good 
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Pb 

Ba la nee 

Balance 

Balance 

Balance 

Balance 

Bl lance 

Balance 

Balance 

hluce 

Balance 

Balance 

Balance 

Balance 

Balance 

Balance 

Balance 

Balance 

Balance 

Balance 

hlanee 

8t lance 

Btluee 

Balance 

Baluce 

Balance 

Balance 

Ba I nee 

Baluce 

Baluee 

Bal UH 

Baluce 

Bal nee 

hhnce 

Sn I n 

30 

30 
30 
30 
30 
30 
30 

30 
39 
30 

30 
30 
30 
30 

30 

30 
30 

30 
30 
30 
3C 

30 
30 
30 

30 
30 
30 

30 
30 
30 
30 

30 
30 

C o mp o s i t i o n (% by 

Sb Cu Ni B i Zn 

l 0. 1 

3 u 
5 1.0 

10 1.S 
l 0. I 

a I o. s 
5 l. 0 

10 1.5 

l o. 1 

3 0. 5 
5 l. 0 

IO t.5 
l o. l 

3 o. 5 
s !. 0 

10 1. 5 

0. 1 1 

0. 5 2 

0. 7 5 

LO 1 

1. s 10 
0. 1 1 

0. s z 
u s 
1.5 10 

1 o. 05 

3 0. 1 

5 1. 0 
10 3. 0 
1 o. 05 
3 0. 1 

5 1. 0 
10 3. 0 

.• 
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Tab 1 e 6 

wt. ) 
B a I 1 Formation Ha 

Ag .Au p t Pd Others 

0 7 
0 8 
0 8 
0 9 

1 0 7 
2 0 8 
3 0 8 
5 0 9 

0 7 
0 8 
0 8 
0 9 

l 0 7 

2 0 8 
3 0 8 
5 0 9 

0 7 

0 8 

0 8 
0 9 

0 10 
1 0 7 
2 0 8 
a 0 8 
5 0 9 

0 7 
0 ·. 8 
0 8 

0 9 
1 0 7 

2 0 8 
3 0 8 
5 0 9 

Bonding Property 

Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
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Pb 
Balance 

Ba lance 

hluce 

Bal nee 

Balance 
Balance 

Balance 
Baluce 

Sa lance 

BalUH 

Balance 

Balance 

Balance 

Balance 

Balance 

Balaoce 
Ba Ince 

Baluce 

Balance 

Baluce 

hi ante 

Balance 
hluce 

Balance 

Balance 
Balance 
Baluce 

Baluce 

Ba Ince 
Balance 
hlnce 

Ba la ace 

Balance 

sn I n 

30 
30 

an 
30 
30 
30 
30 

30 
30 
30 

30 
30 
36 
30 
30 
30 
30 
30 
30 

30 

30 

3a 
30 
30 

30 
30 

30 

30 
30 
30 
au 
30 
30 

C o m p o s i t i o n (% by VI t. ) 

Sb Cu ~ i B i Zn Ag Au p t 

l 0. 05 o. 1 

3 0. l 0. 3 

5 -0. 1 0. 5 
5 0. 5 1. 0 

1 !. 0 1. 5 

10 !. 5 2. 0 

1 0. 05 0. 1 

3 0. l 0. 3 

5 0. l n. s 
5 0. 5 LO 
1 l. 0 1.5 

10 1.5 2. 0 

l 0. 65 

3 0. I 

5 0. l 
5 8. 5 
T L 6 

10 1.5 

l 0. 05 0. 1 

3 0. 1 0. 3 

5 o. 5 o. 5 

1 l. 0 1. 5 
10 1.5 2. 0 
1 0. 05 0. 1 

3 G.l 0. 3 

5 0. 5 0. 5 
1 LO 1. 5 

10 1. 5 2. 0 

l 0. 05 
3 0. 1 

5 0.;; 
1 l. 0 

10 1. 5 

T a. b 1 e 7 

,,,........ 

B a 1 l Formation Ha 
Pd OthHt 

0 7 

0 8 
0 8 

0 8 
0 9 

0 10 
0 7 

0 8 
0 8 
0 8 

0 9 

0 10 
n. t 0 7 

0. 3 0 8 
0. 5 0 8 
1. 0 0 8 
1.5 0 9 
2.0 0 10 

0 7 

0 8 

0 8 

0 9 
0 10 
0 7 
0 8 
0 8 

0 9 

0 10 
0. 1 0 7 
o. 3 0 8 
0. 5 0 8 
1. 5 0 9 
to 0 10 

Bonding Property 

Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good· 

Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
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Good 
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Good 
Good 
Good 
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Pb Sn I n 

Bal UC e u 
Balance 49 
Sa lance H 
Balance to 
Balance 40 
Balance 40 
Balance 40 
Ba lance 40 
Balance 40 
Balance 40 
Balance H 
Sa lance 40 
Baluce 40 
Ba I uce 40 
Balance 40 
8alUH H 
Balance H 
Ba I uce u 
Balance 40 
Balance 40 
Balance 40 
Balance 40 
Ba! uce 4G 
Balance 40 
Balance u 
Balance u 
Balance 4& 
Ba I nee 40 
Bal nee 40 
hluce 40 
Baiuce 40 
hluce 0 
Balance 0 

C om p o s i t i o n (% by 

SbjCu Ni B i Zn 

1 D. 1 

3 0. 5 
5 LO 

10 1.5 

l 9. l 

3 n. 5 I 
5 LO 

LO I -•• a 

l 0. l 
3 ul 
5 I LO 

10 1.5 
1 o. 1 
3 0. 5 
5 1.0 

10 1.5 
fr. l 1 
0. s 2 
0. 1 ~ 

1.0 i 
1.5 10 
o. 1 l 
a. s I 2 
1.0 5 
1.5 10 

l o. 05 
3 0. 1 
5 1. 0 

in 3. 0 
1 I 0. 05 
3 n. 1 
5 LU 

10 3. Q 

( 
Tab 1 e 8 

wt. ) 
B a 1 l Formation H11 

Ag Au p t Pd Others 
! 0 8 I 

0 9 
0 9 
0 10 

1 0 8 
2 0 9 
3 I 0 9 
5 0 10 

0 8 
I 0 9 

0 9 
I 0 10 

1 0 8 
2 0 9 
3 0 9 
5 0 16 

0 8 
0 9 
0 9 
0 9 
0 10 

l 0 8 
2 0 9 
3 0 9 
5 0 10 

0 8 

I 0 9 
0 9 
0 10 

I 0 8 
2 0 9 
a 0 9 
5 0 10 

BonCiing Property 

Good 
Good 
Good 
Good 

Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
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Good 
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Good 
Good 
Good 
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. p b Sn 
h!uce a 
Balance 40 
Ba lance 40 
Balance a 
8!1 ance 40 
hlance a 
Balana 40 
Balance H 
Balance a 
Balance H 
Bl lance 40 
Ba luce H 
Balance H 
Baluce 40 
Balance 40 
Baluce 40 
Ba I anee 40 
Balance 40 
Balance 40 
Balance 40 
Balance H 
hluce u 
hluce 40 
Bt laace 40 
Balance 40 
Ba Ince a 
Ila lance 40 
Balance u 
Ba I anc e rn 
Balance u 
Balance 40 
Balance 40 
hluce 40 

Composition (% by wt. ) 

I n Sb Cu N i B l Zn Ag Au 

t us 0. 1 

3 0. l I 0. 3 
3 0. 1 0. 5 
a u 1. 0 

i 1.0 La 
10 u to 
l 0.05 I 
3 0. l 

5 0. 1 

5 u I 
I 1.0 

10 LS 

l 0.05 

3 0. 1 

5 0. 1 

5 0. 5 
7 LO I 

10 1.5 
1 0. OS 0. l 

3 0. 1 0. 3 
5 0. s l 0. 5 
i 1.Q 1. 5 

10 1. 5 2. 0 
1 n. 05 
3 0. 1 

5 0. 5 
1 1. 0 

10 u 
1 o. 05 

3 0. l 

5 0. 5 
7 1. 0 

10 I. 5 

r 
Table 9 

Ba l 1 Formation Ha 
p t Pd Others 

0 8 
0 9 

0 9 

0 9 
0 9 
0 10 

0. 1 0 8 
0. 3 0 9 
0. s 0 9 
1. 0 0 9 
1. 5 0 9 

2. 0 0 10 
0. l 0 8 
0. 3 0 9 
0. 5 0 9 

1. 0 0 9 

1. 5 0 9 
2. 6 0 10 

0 8 
0 9 

0 9 
0 9 

0 10 

o. l 0 8 
0. 3 0 9 

6. 5 0 9 
1. 5 0 .9 
2. 0 0 10 

0. 1 0 8 
0. 3 0 9 
6. 5 0 9 
l. 5 0 9 
2. 0 0 10 

Bonding Property 

Good 
Good 
Good 
Good 
Good 
Good 
G'o o d 

Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 

Good 
Good 

Good 
Good 
Good 

Good 
Good 

Good 
Good 
Good 

Good 
Good 
Good 
Good 
Good 
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Pb 

Balance 

Balance 

Balance 

Balance 

Balance 

Stltnte 

Balance 

Balance 
Balance 

Balance 
Balance 

Balance 

Ba lance 

Ba lance 

Bal ID.et 

Baluu 
hi nee 
Baluce 

Btlnce 

Balance 

Balance 

Balance 

Baluce 

Balao.ce 

hluce 

Balun 

hluee 
Balance 

Bal nee 
Balance 

Ba Ince 

Balance 

Balance 

Sn I n 
5Q 
50 
50 
50 
so 
50 

50 
50 

so 
50 
50 
50 
50 
so 
so 

. 58 

so 
50 
50 
50 
50 
so 
50 
50 
so 
50 
50 
50 
50 
50 
50 
so 
50 

Composition (% 
Sb Cu Ni B i Zn 

1 u 
3 0. 5 
5 1.0 

10 L5 
i 0. l 

3 n. 5 
5 1.0 

10 1.5 

1 0. 1 

3 0. 5 
5 1.0 

10 1.5 

l 0. l 

3 0. 5 

s u 
10 1.5 

D. 1 t 
0. 5 2 
0. 7 5 
1.0 1 

1. 5 l4 
0. 1 l 

o. 5 % 

u 5 
1.5 10 

1 0. 05 

3 0. 1 

s 1. 0 

10 3. 0 

1 0. 05 

3 o. 1 

s 1. 9 

10 3. 0 

(- .. 

T a b 1 e 1 0 

by wt. ) Ba l l Formation Ha 
Ag Au pt Pd Otheu 

0 10 
0 10 

0 11 

0 11 
l 0 10 
2 0 10 
3 0 ll 
5 0 11 

0 10 
0 10 

0 11 

0 11 
l 0 10 
2 0 10 
3 0 11 
5 0 11 

0 10 
0 10 
0 10 
0 11 

0 11 

1 0 10 
2 0 10 
3 0 11 

5 0 11 · 
0 ta 
0 10 
0 11 
0 11 

1 0 10 
2 0 10 

3 0 11 

5 0 11 

Bonding Property 

Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
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Good 
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Pb Sn I n 

Balance 50 
Baluce 50 
Balance so 
Ba lance 50 
Balance 50 
Balance 50 
Baluce so 
Balance 50 
Balance 50 
Bal nee so 
Sa lance 50 
Balance 50 
Balance 50 
Szlance 50 
Balance 50 
Balance 50 
Bal nee 50 
hlnte 50 
Blfuce 50 
Balance 50 
!hi nee 50 
8alauce 50 
Balance 50 
hluce 50 
hluce 50 
Balance 50 
hluce 50 
Btlao.ce so 
Ba laDH 50 
Balance 50 
hluet $0 
hlance 50 
Balance 50 

Composition (% by 

Sb Cu ~ i B i Zn I Ag 

1 0. OS I 
3 0. 1 
5 0. l I 
5 6. 5 I I 
1 LO I 

10 l.5 I 
l 0. 05 I 
3 0. I I 
5 0. l I 
5 o. 5 I 
7 !. a I 

10 l. 5 I 
l 0. 05 
3 0. 1 

5 0. l 

5 0. 5 

1 l. 0 
10 I. 5 
1 0. 05 

3 o. 1 

5 o. 5 

1 t.O 

lG 1.5 
1 o. 05 

3 0. l ! 
5 o. 5 
7 u 

10 1.5 
1 0. 05 

3 6. 1 
5 n. s 
1 u 

19 1. 5 

T a. b 1 e 

wt. ) 
B a l l 

Au p t Pd Othtrt 

I o. i 
o. 3 

0. 5 
1. 0 
I. 5 
2. 0 

0. 1 

0. 3 
0. 5 
1.0 

I l. 5 
2. 0 

0. 1 

o. 3 
0. 5 
1.0 

1. 5 
2. 0 

o. l 

0. 3 

0. 5 
l. 5 
2. 0 

0. l 

0. 3 
o. 5 

1. 5 

2. 0 

·o. 1 

0. 3 
0. 5 
1. 5 
2. 0 

(-
1 1 

. Ha Formation 

0 10 
0 10 
0 11 

0 11 

0 11 

0 ll 

0 10 

0 10 

0 11 
0 11 
0 11 

0 11 

0 IO 

0 IO 

0 11 

0 11 

0 ll 
0 11 

0 10 
0 10 
0 11 

0 11 
0 11 
0 IO 
0 10 
0 11 

0 . 11 
0 11 
0 10 
o· 16 
0 11 
0 11 

0 11 

Bonding Property 

Good 
Good 
Good 
Good 
Good 

Good 

Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 

Good 
Good 
Good 

Good 
Good 
Good 
Good 
Good 
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Pb 

40 

a 
40 

40 

a 
40 
40 

40 
40 

40 

40 

40 

H 
40 

AO 

40 
a 
H 

40 

40 

40 
40 

40 
40 
40 

40 
0 
40 
40 
40 
40 
40 
40 

Sn I n 
Ba I ance 

Balance 

Balance 
Balance 
Balance 
Balance 
Balance 
hluce 
Balance 
Balance 

Balance 

Balance 

Balance 

Balance 
Balance 

Balanee 
Balance . 
Balance 

Balance 
Balance 

Baluce 

Balance 

Balance 

Balance 

Baluee· 

Balance 
Bal ante . 
hlance 
Balance 
Balance 

Balance 

Balince .. 

Balance 

Composition (% 
Sb Cu N i B i Zn 

1 Q, 1 

3 0. 5 
5 1. 0 

10 u 
l 0. l 

3 6. 5 
5 l. 0 

10 r. a 
l 0. I I 
3 0. 5 
s l. 0 

10 1.5 

1 0. 1 
3 6. 5 

5 1.0 
in 1.5 

o. 1 l 
0. 5 2 
0. 1 5 
1.0 1 
1. 5 10 
0. 1 1 
0. s 2 

LO s 
1. 5 10 

1 a. os 
3 0. 1 
5 1.0 

10 3. 0 
1 0. 05 

3 0. l 
5 u 

10 a. n 

-{ (--· 
T a b l e l 2 

by wt. ) 
B a l l Formation Ha 

Ag Au p t Pd Others 

0 Ia 
0 10 
0 11 

0 12 
1 0 10 ' 
2 0 10 
3 0 11 
5 I 0 12 

0 10 
0 10 

0 11 
0 12 

1 0 10 
2 0 10 
3 0 ll 
5 0 12 

0 10 
0 10 
0 11 
0 11 
0 12 

1 0 10 
2 0 10 
3 0 11 
5 0 12 

0 10 
0 10 
0 11 
0 12 

1 0 10 
2 0 Ia 
3 0 11 
5 0 12 

Bonding Property 

Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
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Good 
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Good 
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Pb 

~o 

~o 

~o 

~o 

a 
H 
40 

4D 

H 
40 
H 

a 
40 
4G 
40 
40 
40 
40 

40 

40 
40 
40 
40 
40 
40 
46 
40 
40 
40 
40 
40 

40 
u 

Sn I n 

hluce 

Balance I 
Balance I I 
Balance I I 
Sa lance 

Balance . i 
Balance I 
Balance ! 
Balance 

BalaHe 

Balance I I 
Balance 

Sal uee 

Balance 

BalaHe 

h!anee I 
Balance 

Balance I 
Balance 

hlance 

Balance 

Balance 

Balance 
Balance I 
Ba lance 

Balance 

hlance I 
Balance 
Balance 

Baluce 

Ba I nee 
Balance 

Balanee 

,.-
Composition (% by 

Sb .cu Ni B i Zn Ag 

1 o. 05 
3 n. l I 

5 0. 1 

5 0. 5 l 
i 1. 0 

10 t. 5 

l o. 05 
3 0. l 
5 o. l 

5 o. 5 
I 

j l.O 

l 0 1. 5 

I 0. OS 
3 o. l 

a 0. l 

5 o. s 
1 !. 0 

10 1. 5 
l 0. 05 
3 0. 1 

5 o. 5 
1 1.0 

10 1. 5 
t U5 
3 0. 1 

5 0. 5 
1 1. 0 

10 1.5 
1 o. 05 
3 0. 1 

5 0. 5 
1 1.0 

ID 1. 5 

( ........ 
T a b 1 e 1 3 

wt. ) 
Ba l l Formation 

Au p t Pd Others 

I 0. 1 0 
0. 3 0 

I o. s I 0 
l. 0 

I 

0 
I l. 5 0 

!. 0 0 
I o. 1 I 0 

I 0. 3 0 

I 0. 5 0 
1.0 0 

I I u I 0 
2. 0 0 

0. l 0 
0. 3 0 
o. 5 0 
1.0 0 
L5 0 
2. 0 0 

I o. 1 0 
I o. a 0 

0. 3 0 
l. 5 0 
2. u I 0 

0. 1 . 0 
0. 3 0 
0. 5 0 
1. 5 0 
2. g 0 

. o. l 0 
o. 3 0 
0. s 0 
l. 5 0 
2. B 0 

Ha Bonding Property 

lD Good 

10 Good 

11 Good 

11 Good 

12 Good 

12 Good 

10 Good 

10 Good 

11 Good 

ll Good 

12 Good 

12 Good 

10 Good 

10 Good 

11 Good 

11 Good 

12 Good 

12 Good 

10 Good 

IO Good 

11 Good 

12 Good 

12 Good 

1G Good 

1G Good 

11 Good 

12 Good 

12 Good 

10 Good 

10 Good 

11 Good 

11 Good 

12 Good 
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Pb 
hlance 

Balance 

Balance 

hlanee 

Balance 

Balance 

Balance 

Balance 

Balance 

Balance 

Balance 

Balance 

Balance 

Balance 

Balance 

Ba Ince 
Ba lance 

Balance 

Balance 

Balance 

Ba Ince 

Balance 

Balance 

hlnce 

Btlante 

hlnet 

Balance 

Balance 

h I nee 
Baluee 

hluce 

Balance 

Ba I nee 

Sn I n 

2 
., . 
2 
., 
2 

2 I I 
2 

2 
2 
2 

2 
2 

2 

2 

2 
2 

5 
5 

5 
5 

5 

s 
5 

5 
s 
5 
5 

5 
5 
5 

s 
5 
s 

Composition (% by 

Sb Cu ~ i B i Zn Ag 
o. 1 0. 01 0. 01 
0. 5 0. 03 o. 03 

0. 5 o. 0 5 0. 05 

0. 5 0. 0 7 o. oa I I 
0. 5 o. o 3 I o. o 1 
u ~. s I o. a I 
o. 5 0. 01 o. 01 I 0. 0 l 

o. a I o. oa 0. 03 I 0. 05 
o. 5 0. 05 0. 0 5 0. ! 

o. 5 0. 5 o. 5 u 
n. 5 u. 0 l 0. 0 ! 
o. 5 0. 05 o. 05 
o. 5 0. 5 0. 5 
o. 5 0. 0 I o. 0 l 

o. 5 0. 05 0. 05 
0. 5 o. a 9. 5 

o. 1 I o. o 1 o. 01 
o. 5 0. 03 0. 01 

1. 0 0. 05 o. 05 
3. 0 0. 01 0. 01 
6. 0 ~. 09 n. i 
a. o 0. s o. 5 

I 0. 0 1. 0 I. 0 
0. 1 0. 01 o. 01 1.0 
I. 0 0. 1 o. 1 5. 0 
to o. t I o. 4 10. 0 

10. 0 1.0 !. 0 30. 0 

0. 01 o. 01 I 0. 1 

0. 03 0. 07 0. s 
0. 05 o. 05 1.0 
0. 01 0. 03 2. 0 

0. I o. 1 3. 0 
0. 2 0. 2 4. 0 

r. 
T a. b 1 e 14 

wt. ) B a 1 I Formation Ha 
Au p t Pd 01hers 

0 5 
0 5 
0 6 

I 0 6 
0 6 

I 0 7 
0 5 
0 5 
0 6 
0 7 

0. 05 0 5 
0. 5 0 6 

0. 05 0 7 
0. 5 0 5 

0. 05 0 6 
0. 5 0 7 

0 5 
0 6 

. 0 6 
0 7 
0 7 

0 7 

0 8 

0 6 
0 8 

0 9 
0 .l 0 
0 5 
0 6 
0 6 

0 6 

0 7 
0 7 

Bonding Property 

Bad 
Bad 
Good 
Good 
Good 
Good 
Bad 
Bad 
Good 
Good 
Bad 
Good 
Good 
Bad 
Good 
Good 
Bad 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Bad 
Good 

Good 
Good 
Good 
Good 
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Pb 

Ba I an" 
Balance 

Balance 

Balance 

Balance 
Balance 

Balance 

Ba lance 

Balance 

Ba lance 
Balance 
Balance 

Balance 

Balance 
Balance 

Balance 

Balance 

Balance 
Balance 

Balance 

Balance 

Balance 
Balance 

Baluce 
Balance 

Balance 

B&lance 

Balance 
Balance 

Ba Ince 

Balance 

Balance 

Baluee 

Sn I n . -
~ 

3 
5 
5 
5 

5 
5 
5 
5 

• 5 
5 

5 
5 
5 
5 

5 
10 

ta 
10 
10 
10 

10 
10 

10 
10 
10 

10 

10 
10 

10 

10 

10 

10 

,--. 
i 

Composition (% by 
Sb Cu Ni B i Zn Ag 

1.0 LO a. o I 
I 0. l o. 01 0. 0 l 

1.0 0. 05 8. 05 
I i o. o &. 5 o. 5 

0. l 0. 0 l 0.01 I 
! LO 0. I 0. l 

t 0 0. 4 o. ~ 

I 10. 0 . LO 1.0 
0. 1 0. 01 0. 01 

I 1.0 0. 1 0. 1 
u u 0. t 

I 0. 0 1.0 1.0 

0. 1 0.01 0.01 
1.0 0. I 0. 1 
4.0 0. 4 u 

I 0. 0 1. 0 1.0 
0. 01 0. 99 0. 01 
0. 05 0. 10 0. 1 
0. I 0. 2 I. 0 
o. 2 u 2. 0 
0. 5 0. 5 5. 0 
o. u t 01 8. 0 
G. 01 0. &9 
0. 09 o. in 
0. 2 0. 3 
0. u 0. 41 
0. 1 0. 1 

0. 5 o. 5 
o. 1 0. 1 
0. 5 o. 5 

I o. i 0. 0 I 0. 01 l. 0 

1. 0 0. 2 u 5. 0 
1. 0 0. ( 0. ( 10. 0 

-Tab 1 e l 5 ( 

wt. ) 
Ba l l Formation 

Au pt Pd Others 
1 · 0 

0. 05 0 
0. 3 0 
o. 5 I 0 
u I 0 
5. o I 0 

10. 0 0 
30. a I 0 

t o I 0 
i 5. u 0 

lo. 0 0 
30. 0 0 

1.0 0 
5. 0 0 

10. 0 0 
30. 0 0 

I 0 
0 
0 
0 
0 
0 

0. Gl 0 
0. 1 0 
0. 3 0 
1. 0 0 

0. 1 . 0 
1. 0 0 

0. 1 0 
1. 0 0 

0 
0 
0 

Ha Bonding Property 

8 Good 
5 Bad 
6 Good 
7 Good 
6 Good 
8 Good 
9 Good 

1 0 Good 
6 Good 
8 Good 
9 Good 

l 0 Good 
6 Good 
8 Good 
9 Good 

1 0 Good 
9 Good 
6 Good 
7 Good 
7 Good 
9 Good 
9 Good 
7 Good 
8 Good 
7 Good 
8 Good 
7 Good 
8 Good 
7 Good 
8 Good 
7 Good 
8 Good 
8 Good 
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t:t:i 
m m z 

Pb 

Balanee 

h I uce 

Salanee 

Balance 

Sa lance 

Balance 

Balance 

h I UC e 

Bal ue e 

Bl lance 

Sa lance 

Ba lance 

Balance 

Sa lance 

Balance 

Balance 

Ba lance 

Balance 

hlance 

Balance 

Ba!uee 

lhlanee 

hhnce 

Balance 

Balance 

Ba.lance 

Bal Hee 

Balance 

Balance 

Btluee 

h I nee 

hluce 

Balance 

Sn I n 

10 
lO 
10 

10 

lO 
lO 
10 

10 

10 

!O 

IO 
10 
10 

10 

IO 
. 10 

10 

15 

15 
15 

15 
15 
20 
20 

20 
20 

20 

20 
20 
ao 
20 
20 

20 

--. 

Composition (% by 

Sb Cu ),{ i B i Zn Ag 
to 0. ~ . 0. t l 0. D 

l 0. 9 t. n 1. D 30. 0 

IU 0. 0 l 0. 01 

1. o I o. 2 I o. 2 
I. 0 0. 4 o. 4 I 

lu 0. 4 o. 4 

I 0. 0 l.O l. 0 

o. 1 I o. 01 o. o 1 I 
L •I o. z I o. 2 

1. n I o. 4 ! o. 4 
u 0. 4 ! 0. 4 

l 0. 0 1.0 !. 0 

0. I 0. 0 I 0. 0 I 

1.0 o. 2 o. 2 

1.0 u 0. 4 

t 0 0. 4 o. 4 
l 0. 0 1.0 LO 

0. l 0. 0 l 0. 0 l 1.0 

u o. 2 o. 2 5. 0 

1.0 6. 4 0. 4 10. 0 

4. D 0. 4 0. 4 l 0. 0 
!Q, 0 1. 0 1. a 30. 0 

o. 1 o. 0 l 0. 01 1. 0 
l. 0 o. 2 D. 2 5. 0 
1.0 o. 4 0. 4 10. 0 

4. 0 a. 4 0. 4 10. 0 

10. 0 l. 0 LO 30. 6 

0. l 0. 01 0. 01 

1.0 6. 2 G. 2 
1. n o. 4 D. ~ 

to 0. ~ o. 4 

10. 0 1. 0 1. 0 l 
0. l o. 01 0. 01 

(-
T a. b l e 1 6 

wt. ) Ba l l Formation 
/.U p t Pd Others 

0 
0 

1. 0 0 
5. 0 0 

J 10. 0 0 
10. 0 0 

I 3o. o 0 
LO 0 
5. 0 0 

j I 0. 0 0 
I 1 o. o 0 

30. 0 .· .. : 0 
I. 0 0 
5. 0 0 

10. 0 0 
l 0. 0 0 
lO. 0 0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

l. 0 0 
5. 0 0 

10. 0 0 
la. 0 0 
30. 0 0 

1. 0 0 

Ha Bonding Property 

9 Good 
1 0 Good 

7 Good 
8 Good 
8 Good 
9 Good 

1 0 Good 
7 Good 
8 Good 
8 Good 
9 Good 

1 0 Good 
7 Good 
8 Good 
8 Good 
9 Good 

1 0 Good 
8 Good 
9 Good 
9 Good 

1 0 Good 
11 Good 

8 Good 
9 Good 
9 Good 

1 1 Good 
l 2 Good 

8 Good 
9 Good 
9 Good 

11 Good 
12 Good 

8 Good 
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Pb 

Balance 

Balance 

Balance 

Balance 

Ba! nee 

Balance 
h!ance 

Balance 

Bait nee 
Balance 

Bal nee 

hluce 

Balance 

Balaoce 

Balance 

Balance 

Balance 

Baluce 

hlanee 

Ba Ince 

Balance 

hlance 

Baluce 

hlance 

hlanee 
Baluce 

hltllct 

B&luct 

Ila I nee 

Baluc1 

Ila lane~ 

Baltn~l 

Balance 

Sn I In 

H 
20 
20 
20 

20 I 
20 
20 

20 
26 
30 
30 
30 

30 
30 

30 
30 
30 
30 
30 

. 30 

30 
30 

30 
30 
3G 
4Q 

4$ 

0 
40 
40 
H 

. 4 0 

40 

Composition 
Sb Cu!NijBi 

l. D 0. 2 0. 2 

1.0 o. 4 0. 4 
t 0 0. 4 u 

10. 0 l. 0 I. 0 

0. i 0. 0 I 0. 01 

u 0 ? .. 0. 2 
u 0. 4 6. 4 

u n. 4 G. 4 

10. 0 1. 0 l. 0 

0. 01 0. 99 

0. I 0. 2 
0. 3 0. 4 

0. 4 o. 5 

0. 4 0. 3 
0. 5 0. 4 

0. 5 9. 5 
0. 9 0. 9 

0. 1 0. l 

0. 2 0. 3 

0. 3 0. ~ 

0. 8 o. a 
o. 1 0. l 
0. 5 0. 5 

0. 1 0. 1 
0. 5 0. 5 
Q. 01 0. 99 

0. 1 0. 1 

0. 3 0. ~ 

0. 4 0. 5 

u 0. 3 
0. 5 0. 3 

0. 5 0. 5 

0. 6 a. 5 

(% by wt. ) 

Zn Ag Au p t 

5. 0 
1 a. 0 

10. 0 
3Q. Q 

I 
I 

I 
I I o. 1 

0,5 

u 
u 
u 
u 
5. 0 
10. 0 

0. 01 

0. 1 
0. 3 

I. 0 
0. 1 

LO 

I o. 1 

u 
3. 0 

4.0 
4.0 
u 
4.0 
5. 0 

T a. b l e 1 7 
(-

Ba 1 l Formation Ha 
Pd Others 

0 9 
0 9 
0 1 l 
0 1 2 

LO 0 8 
5. 0 0 9 

l 0. 0 0 9 
10. 0 0 1 1 
30. 0 0 1 2 

0 7 

0 7 

0 8 

0 9 

0 9 

l 0 9 

0 10 
0 11 

0 7 

0 7 

0 9 
0 10 

0 7 

0 9 
9. l 0 7 

1. n 0 9 

0 10 
0 1-0 

0 11 

0 11 

0 11 

0 11 

0 11 

0 11 

Bonding Property 

Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 

Good 
Good 

Good 
Good 
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Pb Sn I n 

!!ala.nee H 
Balance u! 
Balance! ta I 
Balance u 
Balance a 
Balance 4 o I 
Balance H l 
Balanc1 60 
Balance &a I 
Balance 60 
Balance 60 
Balance 60 
llalanee &O 

Balaaee 60 
Ba lance 60 
Ba luce 60 

Ba I an" 60 
Balance 60 
Ba!uc~ 60 
Ba I anc• 60 
Balance 60 
Ba luce 60 
Bal nee 60 
Balance 60 
Btluce 60 
Balance 60 
Balance 60 

Composition (% by 

Sb Cu N i B i l Zn Ag 

0. & D. 3 1. 0 
0. 99 0. 0 l 8. 0 

I o. 1 0. 0 l 0. 0 t I I LO 

I LO 0. l 0. 1 u 
1.0 0. 4 0. 4 IU 
t 0 D. 4 u lo. o I 

I I 0. 0 I 1.0 I.O I 30. o 
o. 1 I o. 01 n. &l I u 
LO 0. l 0. l u 
1.0 0. 4 8.4 10.0 

t 0 0. 4 u I 10, 0 
l 0. 0 l.O t.O 3U 

0. l ) 0. 0 l 0. 0 I 

1.0 o. 1 u 
1. 0 0. 4 0. 4 

4. 0 0. 4 u 
I 0. 0 1.0 1. 0 

o. 1 0. fl 0. 01 
l. 0 0. 1 0. 1 

1.0 0. 4 0. 4 

to o. 4 o. 4 
10. 0 1.0 u 

0. 1 o. 01 0. 01 I 
l. 0 0. l 0. 1 
L n 0. 4 0. 4 
to n. 4 n. 4 

I 0. 0 1. 0 l.O 

r:--
T a. b l e 1 8 

wt. ) 
Ba l l Formation H,. 

Au p t Pd Others 

0 11 

0 11 

0 10 
0 10 
0 ll 

0 12 
0 13 
0 11 
0 12 

0 13 
0 13 
0 14 

u 0 11 
s. 0 0 12 

10. 0 0 13 
10. 0 0 13 
30. 0 0 H 

1. 0 0 11 
5. 0 0 12 

i o. n 0 13 
lo. 0 0 13 
a o 0 H 

1. 0 0 ll 
5. 0 0 12 

l 0. 0 0 13 
10. 0 ·O 13 
aa. n 0 u 

Bonding Property 

Good 
Good 

Good 

Good 

Good 

Good 

Good 

Good 
Good 

Good 
Good 
Good 

Good 
Good 

Good 

Good 
Good 
Good 

Good 
Good 

Good 
. Good 

Good 

Good 

Good 
Good 

Good 
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Pb Sn l n 

tO Ba!UCe 

H Balanci 

H Baluce 

a Balance 

H j Ba la nee 

40 Balance 

H Sa lance 

~6 llalanc~ 
H I Balme 

40 I Balance 

46 Balance 

40 Balance 

40 Balance 

Balance 

Ba lance 

Ba lance 

Balance 

Sa lance 

Ba I ance 

Balaace 

Ba I uce 

Balance 

hluce 

Ba I ance 

hliHe 

Ba lance 

Bi lance 

hluce 

Baluce 

Balance 

Ba Ince 

Balance 

hi nee 

Composition (% by 

Sb Cu ~ i B i Zn Ag 
0. l 0. l 4. 0 
0. 0 l 0. 99 0. l 

0. l 0. 8 0. s 
0. 3 0. 6 3. 0 

o. 4 I o. 5 t 0 

0. 5 0. 3 to 
0. 5 0. 6 t 0 

0. 6 0. l 3. 0 

0. 6 8. 4 t 0 
0. 6 0. 5 t 0 
n. s D. i 7. 0 
0. 7 0. 1 8. 0 
0. 9 9 0. 0 l IO. 0 

1.0 
0. 1 u t 0 

0. 4 0. 6 10. 0 

0. 5 D. S 
0. 7 0. 3 

l. 0 
2. 0 

2. 0 
0. 01 

0. l 
1.0 
5. D 

10. 0 
1
20. 0 

T a b 1 e 
(-

· 19 

wt. ) B a l l Formation Ha 
Au p t Pd p 

0 la 

I 0 12 

0 12 
0 13 

0 13 

0 12 

0 13 

0 12 

0 12 
0 13 

0 l3 

0 12 

I 0 12 

I 0 12 

0 14 
0 14 

0 13 
0 13 

0 12 
0 12 

0 12 
0 10 

0 lB 
0 12 
0 12 
0 13 

I 0 . 15 

0. 01 0 10 
0. l 0 1Q 

1. 0 0 12 
5. 0 0 12 

10. 0 0 13 
20. 0 0 15 

Bonding Property 

Good 
Good 
Good 
Good 
Good 

Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 

Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 

Good 
Good 
Good 

Good 
Good 
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Pb Sn I n 

St tanc e 
Satanee 
3alance 

I Balance I 
I 3alance 

I 3alance 

! hlance 
aaiance 

I Balance 

!Balance 
aalance 

I !la lance 

Balance 
Balance 

Balance 

Balance 

Balance 

Balance 

Balance 

hlanci 

! Baluce 

Sa lance 

Balance 

Balance 

Btluee 

Balance 

Balance 

Balance 

Balance 
l!a!Utl 

Balance 

BalaHe 

Bal&oce 

Composition (% 
s 'o Cu ~ i Bi I Zn 

I I 

I I 
I 
I 

I 

o. 01 
o. 1 I 
o. 1 

1. 9 

2. 0 
3. 0 
4. 0 
5. 0 
s. 0 

10. 0 
o. 01 I 
0. 1 I 
l. 0 

3. 0 

5. 0 
10. 0 

0. 01 

n. i 

1. 0 .. 
3. 0 -

5. 0 

_,..... 
( 

by wt. ) 

Ag Au p t 

0. 61 

0. l 
i. n 
5. 0 

10. 0 

20. 0 

I 

I 
0. 01 
0. l 

LO 

3. 0 

5. 0 
5. 0 
5. 0 
1. 0 

1 n. o 
(20. 0 

0. 01 

0. 1 

1. 0 
5. 0 

10. 0 
20. 0 

0. 01 
0. 1 

1. 0 

5. 0 
10. 0 

...... 
I 

T a. b 1 e 20 

Ba l l Formation Ha 
Pd p 

0 10 
0 10 
0 12 
0 12 

I 0 13 

0 15 
0. 01 0 in 
0. l 0 lD 
LO 0 12 
5. 0 0 12 

19. 0 0 13 
20. 0 0 15 

0 II 

0 ll 

0 12 

0 13 

0 14 

0 15 
0 16 
0 16 

0 17 

0 20 
0 11 

0 11 

0 12 

0 H 
0 .1i 
0 20 
0 11 

0 11 

0 12 

0 14 

0 17 

Bonding Property 

Good 
Good 
Good 
Good 
Good 
Good 
Good 

Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
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Good 

Good 
Good 
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Pb Is n 
Balance! 

Balance 

Balance 

Balance 

Bal ane e 
jBalance 

lsa!ance 

Sa lance 

Balance 

j Balance 
Balanci 

Balance 
Balance 

Balance 
Balance 

Balance 
Balance 

Balanci 
Balance 

Balance 

Balance 

Sal uce 

Balanci 

Balance 
B&!uce 

Balance 

I Balance 
Balance 

Balaace 

Balance 
Balance 

B&laoce 
Balance 

Compo$ition 
I n Sb Cu Ni B i 

10. 0 

I o. o i 
0. l 

LO I 

3. 0 

5. 0 
10. 0 I 

( 

(% by wt. ) 
Zn Ag Au p t 

I I 20. 0 

I I 
I 

I I 
I I 

I 

I I 
I I I 

0. 01 I 0. 0 I I I 
' I 0. 1 I o. l · 

o. ~ I 1.0 I 
0. 5 5. 0 l 
LO 5. 0 i 
3. 0 5. o ! 
i. 0 lo. o I 

l 0. 0 20. o I 
0. 01 0. 0 I 
0. 1 1. 0 

0. 2 5. o I 
3. 0 10. 0 
0. 01 0. 01 
1. 0 l. 0 
3. 0 ;i. 0 

10. 0 20. 0 

I o. o t I o. 01 
n. i 1. 0 
0. 2 5. 0 
3. 0 110. 0 
0. 0 l I 0. 0 l 
1. 0 I 1. 0 
3. 0 5. 0 

10. 0 20. 0 
0. 01 0. 0 l 
0. l 1.0 

( 
Ta.bl e 21 

Ba l l Formation Ha 
Pd p 

0 20 
0. 0 l 0 11 
0. l 0 11 
!. 0 0 12 
5. 0 0 13 

1 o. 0 0 li 
20. a 0 20 

0 10 
0 10 
0 12 
0 12 
0 13 
0 13 
0 16 
0 20 

0. 0001 0 10 
0. 0 0 5 0 11 
0. 025 0 12 
u 0 14 

0 10 
0 12 
0 13 
0 20 

0. 000 l 0 10 
o.m 0 11 
0. 025 0 12 
0. l 0 ·14 

0 10 
0 12 
0 13 
0 20 

0. 0001 0 ID 
0. 005 0 11 

Bonding Property 

G'o o d 
Good 
Good 
Good 
Good 
Go. o d 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
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Good 
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VJ 
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CJ tn 
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Pb Sn I n 
hlanci 

Btlance 
Balance 
Ba Ince 
Saluce 
Balance 
Balance I 
Balance 
Balance 
Balance 
Balance 
Balance 
Ba lance 
Balance 
Ba lane~ 
Balance 
Balance 
Bal Ute 

Ba Ince 
Ba laH e 
Ba Ince 
Bal a nee 
Ba luee 
Balance 

Baluce 
Baluce 
Balance 
Balance 
Balance 
Baluce 
Baluee 
hluce 
Ba I ance 

Composition (% by 
Sb Cu Ni B i Zn Ag 

0. 2 
3. 0 
0. 0 l 
1.0 
3. 0 

Ito. o 
0. 01 
0. I 
0. 2 

I I 3. 0 
0. 01 0. 01 0. 0 l 
0. 1 0. l 0. l 
0. 1 o. l LO 
1.0 0. 5 3. 0 
2. 0 0. 1 s: 0 
3. 0 1.0 5. 0 
4.0 l. 0 5. 0 
5. 0 1.0 1.0 

. 5. 0 I.a lo. 0 
10. 0 2. 0 20. 0 

0. 0 l 0. 01 
o. l a. I 
1.0 o. 5 
3. 0 I. 0 
5. 0 1.5 

l 0. 0 2. 0 
0. 01 0. 01 
0. 1 0. 1 
1. 0 0. s 
3. 0 1. 0 

. 5. 0 1. 5 
10. 0 2. B 

o. 01 0. 01 

(· 
Tab 1 e 2 2 

wt. ) 
Ba l l Formation Au p t Pd p 

;;. a o. 025 0 
i o. a I o. 1 0 

o. 01 0 
!.O 0 

I ~. a 0 
120. 0 I 0 

o. 01 I o. 0001 0 
11.0 o.m 0 
I 5. o 0.025 0 
It 0. 0 0. I 0 
I I 0 

0 
I 0 

0 
0 
0 
0 
0 
0 

I 0 
-0. 01 I 0 
0. l ! 0 
1. 0 I 0 
5. 0 0 

10. 0 0 
zo. 0 ! 0 

o. 01 0 
o. t I 0 
1. 0 0 
5. o I 0 

10. 0 0 
20. 0 0 

I D. 01 0 

Ha Bonding Property 

l2 Good 
14 Good 
10 Good 
12 Good 
13 Good 
20 Good 
10 Good 
ll Good 
12 Good 
14 Good 
11 Good 
11 Good 
12 ·Good 
13 Good 
H Good 
15 Good 
16 Good 
11 Good 
l& Good 
24 Good 
11 Good 
11 Good 
12 Good 
H Good 
18 Good 
24 Good 
11 Good 
11 Good 
12 Good 
H Good 
18 Good 
H Good 
11 Good 
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Pb Sn I n 

Sa I ante 

Balanc1 

Balance 

Balance 

Balance 

Balance 

Balance 

Balance 

Balance 

j Balance 

Bal a nee 

Balance 
Balance 

Balance 

Balance 

Balance 

Ba I inc e 

Balance 

Balance 

Balance 

Balance 

Balue1 

Balance 

Balance 

Balance 

Balance 

Balance 

Balance 

Baluce 

Balance 

hluce 

Balance 

Balance 

Composition 
Sb Cu Ni B i 

0. 1 0. 1 

1. 0 0. 5 

3. 0 1.0 

5. 0 1.5 

10. 0 2. 0 

0. 01 0. 01 
0. 1 0. l 
0. 1 0. I 
LO 0. 5 

2. 0 0. 1 

3. 0 1.0 

4. 0 LO 

5. 0 l.O 

5. 0 1.0 
l 0. 0 2. 0 

n. 01 0. 01 
0. l 0. 1 
0. l 0. 1 

1.0 u. 5 
2. 0 0. 1 
3. 0 1.0 

4. 0 1. u 
5. 0 L 0 

5. 0 1. 0 
10. 0 t 0 

0. 01 0. 0 l 

0. 1 o. 1 

0. 1 0. 1 

1. 0 0. 5 
2. 0 0. 1 

3. 0 1. 0 
4. 0 1. 0 
5. 0 1. 0 

(% by wt. ) 

Zn AgjAu p t 

I 
0. 01 

0. ! 

I u 
3. 6 

5. o I 
i 0 
u 
i.O 

l 0. 0 

20. 0 

o. o t I 
0. 1 

LO 

3. 0 

5. 0 

5. 0 

5'. 0 

1. 0 

10. 0 

20. 0 

0. 01 

o •. l 
1. 0 

3. 0 

5. 0 

5. 0 

5. 0 

1. 0 

Tab l e 2 3 ("· 

Ba 1 l Formation Ha 
Pd p 

o. 1 0 11 
I. 0 0 12 
5. 0 0 H 

10. 0 0 18 
20. & 0 24 

0 11 

0 ll 

0 12 

0 13 
0 14 

0 15 
0 16 

0 11 

0 18 

0 H 

0 11 

0 11 

0 12 

0 13 

0 H 

0 15 
0 16 
0 11 

0 18 
0 24 
0 11 
0 11 
0 1Z 

0 13 

0 H 

0 15 

0 16 

0 17 

Bonding P r op e· r t y 

Good 

Good 
Good 
Good 
Good 
Good 

Good 

Good 
Good 

Good 
Good 
Good 
Good 

Good 
Good 

Good 
Good 
Good 
Good 
Good 
Good 
Good 

Good 
Good 
Good 

Good 
Good 
Good 

Good 
Good 
Good 

Good 
Good 
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Pb Sn I n 

Balance 

Salaaee 

Balance 

Bal ante 

h!anee 

hlanei 

Baltnee 

Balanci 

Balanei 

Balance 

Ba I a nee 

Bal a nee 

Balance 

Balance 

Balanee 

B&lance 

Balance 

Balance 

Balaoee 

hlanee 

Balaui 

Baluci 

Bal nu 

Balanee 

Baluce 

hiaaH 

Ba I nee 
Baluee 

Balance 

hlance 

Balance 

Balance 

Baluei 

Composition 
Sb Cu Ni B i 
5. 0 1. D 

10. 0 2. 0 

0. 01 0. 01 

0. l 0. l 

0. 1 0. l 

l.O 0. 5 
2. 0 o. i 

a. o I t.O 

to! 1.0 

a. o l.O 

5. 0 1.0 

10. 0 2. 0 

0. 01 

0. 1 

0. 5 

0. 5 
1.0 

1.0 

5. 0 

l 0. 0 

0. 01 

0. 5 
1. 0 

5. 0 

0. 0 l 

o. 5 
5. 0 

10. 0 

0. 01 
n. s 
1. 0 
5. 0 

0. 01 

(% by 

Zn Ag 

0. 01 0. 0 l 

0. I 0. 1 

0. 5 1.0 

0. 5 5. 0 

1. 0 5. 0 

3. 0 5. 0 

7. 0 10. 0 

10. 0 2U 
0. 01 0. 01 

0. 1 1.0 
o. 2 5. 0 
3. 0 10. 0 

0. 0 l 
1.0 
3. 0 

10. 0 

0. 01 
o. 1 
0. 2 

3. 0 
o. 01 

I-

T a. b l e 24 ( 

wt. ) Ba 1 l Formation 
Au p t Pd p 

10. 0 0 
20. 0 0 

o. 01 0 
0. 1 0 
u 0 
3. 0 0 
u 0 
5. 0 0 
5. 0 0 
i. 0 0 

l 0. 0 0 
20. 0 0 

0 
0 
0 
0 
0 
0 
0 
0 

o. 0001 0 
0. 005 0 
0. 025 0 
0. 1 0 

0. 01 0 
1. 0 0 
5. 0 0 

20. 0 0 
0. 01 0. 0001 0 
1. 0 0. 005 0 
5. 0 0. 025 0 

10. 0 0. 1 0 
0. 01 0 

H. Bonding Property 

18 Good 
24 Good 
11 Good 
11 Good 
12 Good 
13 Good 
14 G o·o d 

15 Good 
16 Good 
17 Good 
18 Good 
22 Good 
11 Good 
11 G o'o d 

12 Good 
13 Good 

14 Good 
15 Good 

19 Good 
26 Good 

11 Good 
12 Good 

13 Good 

18 Good 
11 Good 

lZ Good 
11 G·o o d 

26 Good 

11 Good 
12 Good 

13 Good 

18 Good 

11 Good 
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Pb Sn I n 
Balance 

Bal &nee 

Ba lance 

Balance 

Balance 
Balance 

Balanci 

Balance 

Sa lane~ 
Balance 

Balance 
Ba lane~ 

Sa lance 
Balance 

Balance 

Ba Ince 
Baluee 

Balance 
Balance 

h lance 

Btluu 

Balance 

hlaue 
Baluee 

Balance 

Ba Ian ce 
Balance 

Balance 

Baluci 

Ba lane e 

hluce 
Baiuce 

Baluci 

Composition 
Sb Cu Ni B i 
o. 5 

5. 0 

10. 0 
0. 01 
0. s 
1.0 
5. 0 

9. 01 

0. 5 
5. 0 

I 0. 0 I 
0. 0 l 
0. 5 

1. 0 
5. 0 

o. 0 l 

o. 5 
1.0 

2. 0 

0. 91 
0. 5 

2. 0 
0. 01 
0. 5 

2. 0 

6. 0 I 
o. 5 

2. 0 

0. 01 
0. 5 

1.0 
2. 0 

0. 01 

(% by 

Zn Ag 

1.0 

3. 0 
10. 0 

0. 01 

0. t 

0. 2 

3. 0 
0. 0 l 

I.O 

3. 0 
10. 0 

0. 01 

u 
0. 2 

3. 0 

0. 0 l o. 0 l 
1.0 LO 

1.6 5. 0 
10. 0 20. 0 

0. 01 

1. 0 

10. 8 
0. 01 

1. 0 

10. 0 

0. 01 

1. 0 
10. 0 

0. 01 0. 01 

1.0 1.0 

1. 0 5. 0 
l 0. 0 20. 0 

0. 01 

Tab 1 e 

wt. ) 
Ba l l 

Au p t Pd p 

1. 0 
s. 0 

2a. 0 
o. 01 0. 0001 
1. 0 o. 005 
5. 0 0. 025 

l 0. 0 0. l 
0. 01 
l.O 

5. 0 
20. 0 

0. 01 0. 0001 

1.0 0. oos 
5. 0 0. 025 

I 0. 0 0. l 

0. 01 
1. 0 

20. 0 

0. 01 
l. 0 

20. 0 

0. 01 
!. 0 

20. 0 

6. 0 l 

25 
r<-. .. 

Formation Ha Bonding Property 

0 12 Good 
0 17 Good 
0 26 Good 
0 11 Go·o d 
0 12 Good 
0 13 Good 
0 13 G o·o d 
0 11 Good 
0 12 Good 
0 11 Good 
0 26 Good 
0 11 Good 
0 12 Good 
0 13 Good 
0 18 Good 
0 11 Good 
0 12 Good 
0 H Good 
0 24 Good 
0 11 Good 
0 12 Good 
0 24 Good 
0 11 Good 
0 12 Good 
0 24 Good 
0 11 Good 
0 12 Good 
0 24 Good 
0 11 Good 
0 12 Good 
0 H Good 
0 24 
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Good 

0 11 Good 
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Pb Sn I n 

Bal uee 

Ba lance 

Balance I 
Balance 

I Balance 

Balance 
Bal anee 

Balance 
Balance 

Balance 

Balance 

Balanee 

Balance 

Balance 

Balance 

Ba lance 

Ba laHe 

Balance 

Balanc1 

Baluce 

Balance 

I Baluce 

Balance 

Bal nu 

Balance 
Balance 

Balance 

Balance 

B&lnce 

hluee 

Balance 

hluce 

hi nee 

Composition 
Sb Cu Ni I B i 

0. 5 

2. 0 

0. 01 

0. ii 

2. 0 
0. 0 l 

o. 5 
2. 0 

0. 0 I 0. 0 l 

1.0 0. 5 

5. 0 1.0 

I 0. 0 2. 0 
0. 0 l 0. 0 l 

1.0 0. 5 

10. 0 2. 0 
0. 01 0. 0 l 
1.9 D. 5 

10. 0 2. 0 
0. 01 0. 01 

1.0 0. 5 
1 o. 0 2. 0 

0. 0 I 0. 0 l 

1. 0 0. 5 
5. 0 1. 0 

10. 0 2. 0 
o. 01 0. 01 

1.0 0. 5 

10. 0 z. 0 

0. G 1 0. 01 

1. 0 0. 5 

I 0. 0 z. 0 

0. 01 0. 0 l 

1. 0 Q. 5 

(% by 

Zn Ag 

1. 0 

10. 0 

0. 01 

LO 

l 0. 0 
0. 01 

1.0 

l 0. 0 

0. 01 0.01 

1.0 LO 

1.0 u 
10. 0 20. 0 

0. 01 

1.0 

l 0. 0 
o. 0 l 

1.0 

10. 0 

0. 01 

1.0 

10. 0 
o. 01 0. 01 

1.0 1.0 
1.0 5. 0 

10. 0 20.0 

0. 0 l 

1. 0 
1 n. 0 

u. 01 

I. 0 
10. 0 

0. 01 

LO 

T a b 1 e 26 
f-: 

wt. ) Ba 1 1 Formation 
Au p t Pd p 

1. 0 0 
20. 0 0 

0. 01 0 
l. 0 0 

2 0. 0 0 
0. 0 l 0 
!. 0 0 

20. 0 0 
0 
0 
0 
0 

0. 0 I 0 
1.0 0 

10. 0 0 
0. 0 I 0 
1. 0 0 

I 0. 0 0 
0. 01 0 
l. 0 0 

10. 0 0 
0 
0 
0 
0 

0. 01 0 
1. 0 0 

10. u 0 
n. 01 0 
1. 0 0 

10. n 0 
0. 01 0 
l. 0 0 

Ha Bonding Property 

12 Good 

24 Good 

11 Good 

it Good 

H Good 

11 Good 

12 Good 

24 Good 

11 Good 

13 Good 

15 Good 

26 Good 

11 Good 

13 Good 

26 Good 

11 Good 

13 Good 

26 Good 

11 Good 

13 Good 

26 Good 

ll Good 

13 Good 

15 Good 

26 Good 

11 Good 

13 Good 

26 Good 

11 Good 

13 Good 

26 Good 

11 Good 

13 Good 
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Ba Jue~ 10. 0 2. a 

T a. b 1 e 

(% hy wt. ) Ba l l 
Zn Ag Au p t Pd p 

10. 0 lD. 0 
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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 ~ 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 produced 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-

conductor package or on th?t of the substrate; and 

electrically connecting the semiconductor package 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 contains, 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, Zn, Ga, Ge, Se, Zr, Nb, 

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

iiiii[iU 
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4. A semiconductor package connecting method according to C~aim 

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 additive 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 5, 

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, Zn, Ga, Ge, Se, Zr, Nb, Mo, · 

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

7. A semiconductor package connecting wire according to Claim 5, 

wherein the Brinell hardne~s number of the ball is in the range of ~ 6 
•·· 

to HB 26. 

8. A semiconductor device comprising: 

a substrate; and 

a semiconductor package electrically connected to the substr~te 

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 ~ 6 or higher. 

This Sheet Has Been Replaced 
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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 joined to the aluminum alloy wirin9 lines by a wire 

bonding method. 

10. A semiconductor device 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, V, Cr, Mn, Fe, Co, Ni, CU, Zn, Ga, Ge, Se, Zr, Nb, Mo, Pd, 

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

11. A semiconductor device according to Claim B, wherein the 

Brinell hardness number of the ball is in the range of BB 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 according 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 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 material pro-

duced by quench solidifying an alloy containing 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 6 or higher. 
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T a. b l e 1 !]) .!\. • 

C o m p o s i t i o n (% by wt. ) 
B a I l Formation "· -Bonding Property ,. 

Pb Sn I n s b Cu N i B i Zn Ag Au p t Pd Olbus 
hlutt 2 8. 5 a. OS 0 5 Bad 
h l uce t 0. 5 0. I 0 5 Bad 
hluce t 0. 3 1.8 0 5 Bad 
h I uc e i 8. 3 0. 05 e. t 0 5 Bad . 
8&l11ct t u 0. I a. 3 0 5 Bad 
hluce t 0. 5 0. I D. ii 0 5 Bad 
htoce 1 u 0. 5 I. 0 o. 6 Good 
hlaace t a. a I. 0 I. 5 0 6 Good 
Ba I uce t 0. ~ 0. OS 0. l 0 5 Bad 
h I uu 2 0. 5 0. I o. l 

~ 

0 5 Bad 
81 luo z u 0. I o. a 0 5 Bad 
hluct z 0. 5 I. 5 l. • 0 6 Good 
hluce t 0. ii 1.8 1.$ 0 6 Good 
hluce 2 0. 5 0. 05 0. l 0 5 Bad 
81l&Ht 2 8. 5 0. I 0. l 0 5 Bad 
Balucc 2 8. 5 B. I o. s 0 5 Bad <.o 
Balliet z a. 5 •• 5 I. 0 0 6 Good 
hluce 2 u l.Q l. 5 0 6 Good 
8&1ucc z 0. 5 0. 05 0. l 0 ·5 Bad 
hluce ! 0. 5 8. I 0. 3 0 5 Bad l ,-··:.i 

~-

hluce 2 8. 5 0. l o. 5 0 5 Bad 
h I ucc 2 o. a a. 5 I. 0 0 6 Good 

;j 

II , I 
hluce 2 8. 5 1.8 I. 5 0 6 Good 

C'"O 
:~-:' 

·"" .· ....... 
- .J 

·:··:,,:;; 

···~. 

hluce 2 8. 5 u. 05 •. l 0 5 Bad 
hluce 2 8. 5 &. 1 o. a 0 5 Bad 
hluce 2 u 0. l 0. 5 0 5 B~d !;:ll::I 

tr.I 8alucc 2 0. 5 8. 5 l.8 0 . 6 Good 0-0 

I. s 0 "-> e;: hluce t 0. 5 I. 0 6 Good '° n hlucc 2 •. 5 o. 05 0.'1 0 5 Bad 0 £:'!."j 

hluce 2 8. 5 8. l . 0. l 0 5 Bad · 0 ~ 
-I tT:I 

hluct z 0. 5 0. l o. 5 0 5 Bad ~ ~ hluce 2 u •• 5 I. 0 0 6 Good "" en 
hluu 2 •• 5 1.0 l. 5 0 6 Good 

~ 

·i 

~ ~ 
• 4· 

.,! 



Compo$ition ('6 by wt. ) 
Pb Sn l n Sb Cu Ni B i Zn Ag Au p t . 

hlucc 5 I I.I 
hluct 5 3 8. 2 
h I aace 5 5 0. 5 
hluet j I 0 1.8 
hlucc s I o. t I 
hluct 5 3 0. t 2 
hluce 3 5 8. s 3 
hlaut 5 ie l.O 5 
Baluce 3 I 0. I 
hluce 3 3 0. 2 
81I1 u f 3 5 a. s 
hluce 5 10 1.8 
hluce ~ I 0. I I 
hl11ce 5 3 a. 2 2 
hluu 5 :; 8. 5 3 
81l 1ace s 18 l. 0 5 
Bl la ace 5 8.1 I 
hluce j 0. 2 3 
hluce j o. a s 
hlutt 5 1.8 10 
hhut 5 8. l 1 l 
hl1He 5 8. 2 3 ! 
hluo 5 8. 5 5 3 
Balaact 5 1.8 IO 5 
Batuct i 8. 1 l 
Bala ace ~ u. % 3 
hlucc 5 0. 5 5 
Btlaue 5 1. • lD 
hluce 5 8. l l 1 
Balucc 5 0. 2 3 2 
8aluce 5 a. 5 5 3 
hluct 3 l. a 18 5 

T a b 1 e 2 

B a l .l Formation Ha 
Pd Olht1 

0 5 
0 6 
0 6 
0 7 
0 5 
0 6 

0 6 
0 7 

0 5 
' 0 6 

0 6 
0 7 
0 5 
0 6 
0 6 
0 7 
0 5 
0 6 
0 6 
0 7 
0 5 
0 6 
0 6 
0 7 
0 5 
0 6 
0 6 
Q: 7 
0 5 
'O 6 
0 6 
0 7· 

fl) 

Bonding Property 

Bad 
Good 
Good 
Good 
Bad 
Good 
Good 
Good 
Bad 
Good 
Good 
Good 
Bad 
Good 
Good 
Good 
Bad 
Good 
Good 
Good 
Bad 
Good 
Good 
Good 
Bad 
Good 
Good 
Good 
Bad 
Good 
Good 
Good 

.Ii, 

~ . 

. 

...... 
0 

"" '° 0 
() 
-I 
~ 

"° '° 0--

~ 
~ 
f; 

,: 
'• 

tr.I· 

~ 
~ 
en 
ffi m 
~ 

~ 
j 



., 
I 

· 1 
I 

: «< i 
i 
I 

T a. b l e 3 \ 

I C o m p o s i t i o n (% by VI t. ) 
8 .: l l Formation "" B o n d i n g Property I Pb Sn 1 n Sb Cu N i B i Zn Ag Au p t Pd Olkeu 

hluu s I O. OS 0. 1 0 5 Bad 
Ba I ucc 5 3 0. I 8. l 0 6 Good 
hluce 5 s 0. I •• 5 0 6 Good I hlaur 5 5 0. 5 l. 0 0 6 Good 
hluu 5 1 0. 1 I. 5 0 7 Good 
hlaur 5 10 1.8 z. 0 0 8 Good ' 

I Baluce 5 . 1 O. OS 8. l 0 5 Bad 
, ' l&lnce 5 3 U. I e. 3 ' 0 6 Good I 

Baluce s s· 0. l 8. $ 0 6 Good 
hlnu 5 5 0. 3 1. 0 0 6 Good 
Ba I UCt s 1 0. 1 1.5 0 7 Good 
Baluce 5 18 I. 0 2. 0 0 8 Good 
Balucc 5 I 0. 05 &. I 0 5 Bad ...... 

~ 
~ 

Bllucc 5 3 u. l 8. 3 0 6 Good 
hluu s 5 u. l 0. 5 0 6 Good 
hlucr s 5 0. 5 l. 0 0 6 Good 
Baluu s 1 o. 1 u 0 7 Good 
Balucr s 10 u 2. 0 o· 8 Good 
B&luce 5 I 0. 05 0. 1 0 5 Bad 

I hluu 5 3 0. 1 0. 3 0 6 Good 
Ba lnci 5 5 u •• $ 0 6 Good 
hlucr 5 1 •• 1 I. 5 0 7 Good 

~ Baluce 5 JO 1.1 ?. • 0 8 Good 
llluc& s I •• 05 0. I 0 5 Bad I N 
hlutt i 3 8.1 8. 3 0 6 Good '° ~ 
Balucr 5 3 0. $ 0. 5 "o 6 Good 0 tr:l 

0 ~ hluce 5 i 8. 1 l. 5 . 0 7 Good -! 

~· 5 2.. 0 8 Good 
~ hluce 10 1.Q "'° '° Baluct s l 8. 05 o. l 0 5 Bad °" V:l 

~ 
8& I uce 5 3 0. I 8. 3 b 6 Good t"T.l I 
i&luce 5 5 u •. $ 0 6 Good ~ • 
Ba Ince 5 1 e. ; l.5 6· 7 Good 
h luct 5 10 l.Q 2. 0 o": 8 Good 



Tab l e 4 .tfJ 1, 

. J 

C om p o s i t i o n (% by wt. ) 
8 a l l Formation Ha Bonding Property 

Pb Sn 1 n Sb Cu ~ i B I Zn Ag Au p t Pd Others 
hluct 10 I 0. l 0 6 Good 
&duce 10 1 0. 5 0 7 Good 
hluce lO 5 1.0 0 7 Good 
hluce lQ l8 u 0 8 

.. , 
Good 

hl1ut 10 I 0; I I 0 6 Good 
hluce 18 l 0. ~ 2 0 7 Good 
8alucc 10 i I.I 1 0 7 Good 
Ba hue 18 18 u 5 0 8 Good 
hluce 18 I 0. I . 0 6 Good 
hluce 10 3 0. 5 0 7 Good . 
8a I uce 10 j 1.0 0 7 Good 
hluce ID 18 l.S 0 8 Good 
8al11ce IO I 8. 1 I 0 6 Good 
8& I uet 18 l 0. 5 2 0 7 Good 
hluct 10 ~ l. 0 3 0 7 Good 

-A 

hluce IQ IO 1.5 s 0 8 Good N 

hi nee 18 8. I I 0 6 Good 
hlucc iG e. 5 3 0 7 Good 
Baluce IO . I. 0 5 0 7· Good 
hluce 10 1.5 10 0 8 Good 
hluce 11 9. I I l 0 6 Good 
8& Ince 18 8. 5 3 2 0 7 Good 
81 luce 18 t. a 5 3 0 7 Good 
Sa hut 10 1.5 18 s 0 8 Good 
hhut 18 8. 1 1 0 6 Good 

~ Bllaace ID 0. $ 3 0 7 Good 
~ hlucc 18 l.O 5 0 7 Good N 

Ba Ince 18 1.5 18 6 8 Good ~ ~ 
hhue u 0. I I I 0 6 Good ?:} ~ hluct 10 0. 5 3 2 0 7 Good -l ~ 

'1S '"-:! 
hlucc 18 I. 0 5 3 0 7 Good l><"'::l 

'° hluct 10 1. 5 10 5 0 8 Good "" C;':) 

~ 
~ 



Table 5 .,p I. 

C om p o s i t i o n ('6 by· wt. ) 8 a l l F o r m a t i o n Ha Bonding Property 
Pb S n l n Sb Cu Ni B i Zn Ag Au p ~ Pd Otbers 

B&luce If l a. os 0. l 0 6 Goad 
hluce 10 3 0. l a. 3 0 7 Goad 
81 I uc e 18 5 o. l 9. ~ 0 7 Good 
hlutr 10 s 0. 5 . l.Q 0 7 Good 
B&l uce 18 7 I 1. 8 1.3 0 8 Good 
hlaace 10 10 1.5 tu 0 8 Good 
Baluce 18 l 0. 05 8. l 0 6 Good 
hlaace lD 3 a. 1 u. 3 0 7 Goad 
hluce 18 s 0. l •• 5 0 7 Good 
hluce IQ 5 8. 3 I. G 

, 
0 7 Good 

Bllaue 10 j I. 0 1.5 0 8 Good 
hi uct 18 10 I. 3 2. 8 0 8 Good 
B&luce 18 I •• 05 O. I 0 6 Good 

~ 
!. 

I 

hlauc 18 3 •. I 0. 3 0 7 Good : 

hlucc 10 5 Q. l 8. i 0 7 Good 
~ 

hi uce 10 5 &. 5 L.8 0 7 Good w 
hluce 18 1 l. 0 t. 5 0 8 Good 
81lucc I 0 IU 1.5 2. • 0 8 Good 

0 6 Good 
.. 

Balucc 18 I &. OS a. 1 

hltue 10 3 0. I o. 3 0 7 Good 
Balucc 18 i 0. 5 0. 5 0 7 Good 

' 
hluce 10 1 I. 0 1. 5 0 8 Good 

Baluce 18 lO I. 5 2. • 0 8 Good 
Baluce lt 1 •. 85 Q, l 0 6 Good 
l&luce 18 3 0. I a. 3 0 7 Good 

~ hlaaet 1& s •. 5 •• 5 0 7 Good 
'"'d 

Baluct 10 1 1. 8 1.5 0 . 8 Good N ~ Baluce 10 I 0 1. 5 t. 0 0 8 Good '° 
8a I ucc 10 I 0. 05 a: 1 0 6 Good 0 ~ (") 

hlucc 11 l 0. I •• 3 0 7 Good -i t'Tj 

hlucc II 5 0. 5 o. 5 0 7 Good '8 

i '° hlucc 10 J 1. 8 . l. s 0 8 Goad 0--
. 

hluu l. 5 z. 8 0 8 Good 
. 

10 18 . 

0-3 .. 



C om p o s I t i o n ('6 by wt. ) 

Pb Sn I n Sb Cu Ni B i Zn Ar Au 

hhact JO I a. t 

hltace 38 3 8. 5 
hluce 19 5 LO 
hluct 38 IQ l.S 
hlucc lQ I 0. I I 
hluce 38 a I o. a ! 
Baluce 30 5 LO 3 
81 luce 30 JO u $ 

hluce 30 l o. l 

hluce u 3 •. 5 
Baluce 30 a I. 0 
hluce 30 IO I. ~ 
hhace lO I 8. l I 
Bllucc 31 l 0. 5 2 
hlaue 30 a l. 0 3 
hluce 3G IO I. 5 5 
hlucc 30 8. I I 

Baluct 30 0. 5 2 
hlucc 30 0. 1 5 
lalaace 38 1.8 1 

hlucc 30 I. S 18 
8& Luce 30 •. l l l 
laluce 38 .. s 2 i 
llhact 30 1.8 s a 
Blluce 30 1.$ 10 s 
81 luu 10 I 8. 05 
hluu lO 3 0. I 
hluct 36 5 l.D 

Balucc u 10 3. • 
Baluct 38 l 8. 05 l 
hlaace 38 3 a. 1 z 
8a I net 38 5 1. 0 3 
Bl I nee 38 18 3. 8 5 

Table 6 

B a l l Formation H. 
p t Pd Olbers 

0 7 
0 8 
0 8 
0 9 
0 1 
0 8 
0 8 
0 9 

~ 0 7 
0 8 
0 8 
0 .g 

0 7 
0 8 

0 8 
0 9 

- 0 7 

0 8 
0 8 
0 9 
0 10 

0 1 
0 8 
0 8 
0 9 
0 1 

0 8 
0 8 
0 9 
0 7 

0 8 
0 8 
0 9 

.. 

.it) 

Bonding Property 

Good 

Good 

Good 

Good 

Good 

qood 

Good 

Good 

Good 

Good 

Good 

Good 

Good 

Good 

Good ...... 

""' Good 

Good 

Good 

Good 

Good 

Good 

Good 

Good 

Good 

Good 

Good 
N> 

Good '° Good 0 

Good 
(/ 
-i 

Good ~ 

~ 
Good °" Good 

Good 

' ' 

I 

I 

~ 
f 
I 

I 
I 

! 

~f: 

'di' t"""' ' >; 
("""). 
tt:'.I . 

~ 
~-
c:.n 
g;j 
~ i 



c o m 11 o s i t i o n ('6 by wt. ) 

Pb S n I n s b Cu ~ i 8 i Z.n Ag Au p t 

hlaace 38 l 8. OS 0. 1 
&aluce 38 3 0. I 0. 3 
lduct 18 i 0. l •• 5 
hluct 30 3 0. 5 I. 0 
hlucc 30 J 1.6 l. s 
hluce 30 10 u t 8 
hlutt u I 0. 85 0. I 
Ba I uce 10 3 0. I o. 3 
hluce u ~ .. , 0. 5 
hluct 30 5 8. s I. • 
la lute 30 1 1.0 I. i 
hlucc 30 I 0 J. 5 2. • 
hluce 3& I 8. 05 
hluce 30 3 O. I 
hluce 30 5 0. I 
Blluce 30 5 0. 5 
hluu 38 1 t. a 
Baluce 38 10 1.5 
hluce lD l o. as 8.-J 
hluce 30 3 0. I 0. 3 
hluce 38 5 8. $ 0. 5 
8al1ue 30 1 1.8 1. 5 
B&luu 30 10 I. 5 2. 0 
8il11ce 38 l 0. 85 o. 1 
hluce 30 3 0. l ... 3 
hlucc 30 s o. a o. 5 
hluce lO 1 1.8 l. 5 
hluce 38 10 u 2. 0 
Balucc 38 I 8. 83 
hluce 30 3 0. 1 
Baluce 30 5 e. a 
8&1uce 3D 1 1.8 
hllact 18 18 I. 5 

T a b l e 7 

B ~ I I F o r m a t i o n "· Pd 01btr1 

0 7 

0 8 
0 8 
0 8 
0 9 

0 10 
0 7 

0 8 
0 8 

' 0 8 
0 9 

0 18 
0. I 0 7 
0. 3 0 8 
&. 5 0 8 
l. 8 0 .. 8 
1.5 0 9 
2. 0 0 10 

0 7 
0 8 
0 8 

0 9 

0 19 
0 7 
0 8 
0 8 
0 9 

0 19 
6. l 0 7 
•• 3 0 8 
0. 5 0 8 
l. 5 0 9 

2. 0 0 10 

•.i> 

8 o n d i n i Property 

Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 

.. 

.. 

_... 
(J1 

~ 
-0 
0 
Q 

l 
-

., 

~ 
~ 

i 
~ 
~ 

·-·· 

/ 

I 
I\ 

1\ 

.\ 



', 

T a b 1 e B «• 

C o m p o s i t i o n (% by wt. ) 8 a I l Formatiol\ Ho Bonding Property 
Pb Sn l n Sb Cu >I I 8 i Zn Ag Au p t pd I Ot~trl 

hllltt te I •. l 0 8 Good 
hi ucc u l •. $ 0 9 Good 
hltHC a s l .• 0 9 Good 
hluce lO 10 u 0 11 Good 
ial Ute tO I 0. I l 0 8 . Good 
hluce lO 3 0. 3 1 0 9 Good 
Ba I 11t1 to 3 I. 0 3 0 9 Good 
Btluce IO 10 u 5 0 1Q Good 
Baluce lO I 0. I 0 8 Good 
Ba I nee lO 3 u ' 0 9 Good 
hluce tO ~ l.O 0 9 Good 
8tlucr u l8 u 0 18 Good 
hlutt n I u I 0 8 Good 

~ 
,J 

h luce tO 3 a.·~ t 0 9 Good 
hlaace to 3 l.O 3 0 9 Good ....... 

hhace t8 lO l.i 5 0 l8 Good O> 

hluce u a. 1 l 0 8 Good 
Bl l1ue u 8. 5 t 0 9 Good 
Btlucc to u i 0 9 Good 
·a.1uce tO I. 0 l 0 9 Good 
Bal uce H I. 5 I 0 0 u Good 
Btluce tO I. I I I 0 8 Good 
8&11Ht (8 8. 5 i 2 0 9 Good 
Balucc tO 1.8 5 3 0 9 Good 
Baluce u LS 10 5 0 10 Good 
hluu u l o. 05 0 8 Good ~ 
hlutt u 3 a. 1 0 '. 9 Good ~ hluce to 5 t.O 0 9 Good l'V 

"'° ~ Blluce u 18 3. 0 0 18 Good 0 
Balucc u l &. 85 I 0 8 Good 0 

-; 

~ B1luce tO l 8. I I 0 9 Good $ 
hluce u 5 l. Q l 0 9 Good "° c.<':l °" Balutt 41 IQ 3. Q 5 0 10 Good ~ 

~ 
>-3 



Composition (% by wt. ) 
Pb Sn I n Sb Cu Ni B i Zn Ag Au p t 

hluce II I us o. l 
B&luct tO 3 8.1 o. l 
hluct u ~ •. l •• 5 
3t I uo to ~ u I. 0 
h I ucc u i 1.0 u 
hlun u 10 1.5 to 
h I uce u I ... ~ I 8. I 
hluce u ) 8. I 8. 3 
lalucc IO 3 8. I 0. 5 
hlucc lO 5 u LO 
hluct H 1 I. 0 1.5 
Bil uce u 10 u I 2. 0 
8i hacc H I 8.85 
81 laut u 3 O. I 
hi nee .. 3 o. l 
Ba I ucc to ~ u 
Biluce u 1 l.O 
Ba I ucc u 10 u 
Balucc u I 0. 8$ 0. I 
8a I uce t8 J •. l 0. 3 
Ba I UC t 18 5 8. 5 0. 5 
8a I UC t u 1 I. 8 l.$ 
hluct u IO I. i 2. 0 
Ba I ute u I •• 05 0. l 
hluce tO 3 0. l 0. 3 
h I aace '° s a. s •• 5 
h I uce tO 1 1.0 1. 5 
hi 1ace t8 18 l.5 2. 8 
h Ince u I o. 85 
hluce IG 3 0. I 
laluce u 5 0. 5 
hl&uc tO 1 1.8 
hlauc tu ID 1.5 

. 

Table 9 

ea I I Formation Ha 
Pd Olbers 

0 8 
0 9 
0 9 
0 9 
0 9 
0 18 
0 8 
0 9 

.. 0 9 
~ 

0 9 
0 9 
0 IO 

0. I 0 8 
•• 3 0 9 
0. 5 0 9 
I. 0 0 9 
1.5 0 9 
2. • 0 lU 

0 8 
0 9 
0 9 
0 9 
0 18 
0 8 
0 9 
0 9 
0 .9 
0 II 

0. I 0 8 
•• 3 0 9 

. 0. s 0 9 
l. s 0 9 
l. 8 0 18 

.. 
Bonding Property 

Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good ! 

Good 
Good 

~ 

....... 

~ ;;s 
"" > ..0 ('""'.:! 
0 t:;::l 
("') s: 
-l 

~ ~ 
""' en O"" 

fB 
~ 

~ 
1 

:I 

~ 
l 
I 



,. Table 10 

Composl ti on 06 by w L) 
Ba I I Formation Ha B o n d i n g Property Pb Sn f n Sb Cu N i 8 i Zn Ag Au p t Pd Olhra 

hluce 30 I 0. I 0 10 Good hlauc 58 3 u 0 18 Good 81lucc 58 3 1.0 0 II Good illuce 50 18 1.5 0 ll Good B 1 I uc e $0 I 8. l l 0 18 Good Blluce 50 3 0. 5 2 0 18 Good . 
hluce 58 5 1.8 3 0 ll Good ·I hlaace H 10 LS $ 0 11 Good 8aluce 50 I 8.1 

~ 0 18 Good hluce 50 3 8. 5 0 10 Good h I UC e 58 5 1.8 0 l1 Good hluce S8 18 1.5 0 ti G'o 0 d 

'~ 

~ 

Biluce 50 l 8. I I 0 18 Good hi uce 50 3 0. 5 2 0 18 Good hluce 50 5 I. 8 3 0 11 Good ~ 

00 
Baluce 50 18 1.5 5 0 ll Good hlucc 50 u. 1 1 0 10 Good Balucc 58 u 2 0 IO Good hluce 58 8. l 5 0 IU Good hluce 50 1.0 l 0 11 Good 81luu 50 I. 5 18 0 11 Good hlucc 58 0. I l .1 0 10 Good Balucc 58 8.5 2 2 0 10 Good 8alucc 50 1.0 5 3 0 11 Good hlaacr st l.5 10 5 0 11 Good 8aluce 50 I o. 85 '· 0 10 Good ~ Blluct H 3 8. l ..0 18 Good ~ . r Baluce 58 5 LO 0 ll Good ~ 

~I 
ll'\ hluce 50 10 3. a 0 11 Good CJ Balaue 50 I 8.0 1 0 10 Good ~ hluce so 3 8. I z 0 18 Good ~ ~ Baluce 50 5 I. 0 3 0 11 Good ~ c.r.i Baluce 50 10 3. 0 5 0 11 Good m .. 

~:....:i 



I, 

'Table 11 

Composition (" by wt. ) H. . 
B a l l Formation Bondin a Property 

p b Sn l n Sb c I.I )I i 8 i Zn Ai Au p t Pd Otbtu 

aatuce SB I o. as 0. I 0 lO Good -hluce H 3 8. 1 o. 3 0 18 
. 

Good 
hlucc H 5 8. I 0. 5 0 II Good 
hluce ~o 5 o. s I. • 0 11 Good 
hluce so 1 1.8 l. 5 0 ll Good 
9&1uce 50 10 I. 5 I 1.8 0 It Good 
Sa 1 uc e 50 I G. OS a. l 0 lO Good 
hluce 50 3 &. I I 8. 3 0 10 Good 
hluce iO 5 •. l I •• 5 0 ll Good 
hl1ut 58 5 0. 5 I l.8 ' 0 ll Good 
hlaace 

~· 1 1.0 1.5 0 ll Good 
hluce 50 ta u I 2. 0 0 II Good 
Balaace 58 I 8. 05 •. l 0 10 Good 
Blluce ~a 3 0. l 0. 3 0 18 Good 
hluce ~o 5 0. I o. $ 0 II Good 

~ 

8aluce 51 5 0. 5 l .• 0 11 Good <O 

hluce 56 1 1.0 1. 5 0 11 Good 
hluce i8 l8 u 2. 0 0 ll Good ·. 
hluce 59 1 0. 05 a. 1 0 lO Good 
hluce 58 3 0. I 0. 3 0 16 Good 
hluct 58 s 0. 5 .. 5 0 ll Good 

hluce 50 1 l. 0 l. s 0 ll Good 
B&luce 58 I 0 1.5 to 0 II Good 
hlaace 50 l •• 05 0. I 0 10 Good 
Ba I UC e so 3 .. l •• 3 0 10 Good 
Baluce 58 5 .. 5 0. s 0 ti Good 

I~ hlHtt so 1 l. 0 1.5 0 . ll Good 

"' hluce 58 10 1. 5 2. a 0 ll Good "" IQ. Balucc 51 I 8. 05 .•. l 0 II Good 0 
() ~ 

811&ace so 3 0. 1 a. a o· 18 Good -t 

~ Baluce 50 s 8. 5 a. 5 0 11 Good .a 
0 Good "'° en llluce 58 l l. 0 l. 5 ll a-- ;:r;: 

Baluce 50 18 l.S 2 •• 0 l1 Good 
~ 



i 
Table 1 2 ,. 

Composition (96 by wt. ) 
B a l I Formation Ha Bonding Property 

Pb Sn I n s b Cu N i B i Zn Ag Au p t Pd Ol•u I u lal uce I 0. I : 0 ID Good 18 Bt I UC t 3 o. 3 
0 18 Good u hlucc 5 L a 
0 II ·Good l8 hi a ace lO l.S 
0 u Good u 8alaace I 0. I I 0 10 Good !O Bah ace 3 a. s t 0 10 Good '° Bil uce ~ I. • 3 0 II Good u Biluce ID u s 0 l2 Good u 811tue I 0. l 
0 18 Good u hluce 3 0. s t 0 IO Good -u hluce a l.O 
0 11 Good u Ba I uce I 0 1.5 
0 12 Good u 81luce I 0. I 1 0 18 Good u hluce J 0. ~ 2 0 18 Good 

: 

I 
u Bllaace 3 l. 0 3 0 It Good 

I\) 
u Ba l1ue 18 l. 5 5 0 1Z Good 0 u Ba I net 8. 1 I 0 10 Good .. hhac1 8. 5 ? 0 10 Good u hlucc 0. 1 5 0 It Good u Blhace 1.0 1 0 11 Good u 8a hace I. 5 18 0 12 Good u 81luce 0. 1 I I 0 10 Good u hhacc 0. 5 z 2 0 u Good u hluce l. 0 5 3 0 11 Good u Baluce 1.5 18 5 0 12 Good 

0 IO Good 

u Baluct 1 8.85 ., 8&1 uce 8. 1 0 IQ Good 

u . 3 
u hlaace 5 u I 

0 11 Good N' u hluce 18 3. 0 0 12 Good !! "'° ~ I m 1! <O 
u Baluce l 0. 05 I 0 18 Good 

' ~ ~ 
H 81luce 3 U. I 2 0 to Good 

.~ 
u hluce 5 1.0 J 0 II Good ~· 

lZ Good ~ ~ 

.. Bal&ace 10 J. 8 5 0 

~ .. 
.. 



Table 1 3 ,. 

C o m p o s i ' i o n (% b y w ' • ) 

Pbl Sn I lnlSblCulNi I Bi IZnlAalAu pt Pd I Otho 
Formation H, B a l l Bonding Property 

u lhiarn I I- 1 fo.os_r_T i- -I 1-e-:-iT- ,---T--1--: O I ID I Good 
H I h 1 u ct I I l I o. I I I I I I o. 3 I I I I 0 I 10 I G o o d 
u 1 aa 11 rn 1 1 ~ 1 •. -, , 1 1 --i -, •. j r- 1 1 1 o 1 11 1 c o o d 

18 I a a I a a c ~ I I ~ I 8. 5 I I I I I l. a I I I I 0 I 11 I G 0 0 d 
u j aa1uct I I i I u I I I I I l. 3 I I I I 0 I 12 I Good 
l6 I hlutt I . I 10 11. 5 I I I I . I !. 0 I I I I 0 I 12 I G 0 0 d 

U I hlw1 I I I I 0. 03 I I I I I I 0. t I I I 0 I 18 I Good 
U lhl1w I I l--lo.11 I I I I I 0.31 I I 0 I 10 I Good 
u I 8& l m c I r- ~1 0. I I -r - I I I I 0. 3 I I I 0 I ll I G 0 0 d 
u 1 h 1 uc t 1 1 ~ 1 e. 5 I I I I I I 1. o I I , I o I u 1 G o o d 

u I hluct I I j I 1. 0 I I I I I I I. a I I I 0 I 12 I G 0 0 d 

u I hi net I I 10 I 1. 5 I I I I I I ta I I I 0 I 12 I G 0 0 d 
to I 81 I 1 at t I I I I o. 8 s I I I I I I I o. I I I O I 1 a I G o o d 
U I hlaace I I 3 Io. I I I I I I I I O. 31 I 0 I ta I Good 
t 0 8 al 1 ace i U. l 6. 5 0 11 G o o d , N 
H 8 a I u ce j 0. 5 l. 0 0 . 11 G o o d I ~ 
18 hlucc i 1.8 J.$ 0 l2 Good 

!O l81l1act I I 10 lt.5 I I I I I I I t.OI I 0 I 12 I Good 
U I 8& l uct I I I I I 0. 85 I I I I 0. l I I I I 0 . I IO I G o o d 
U I Ba I aa cc I I 3 I I e. I I I I I o. 3 I I I I 0 . I l O I G o o d 
ta I B 1 l 1 a c e I I j I I 0. 5 I I I I 0. $ I I I I 0 I 11 I G o o d 
to I h I un I I i I I I. o I I I I l. i I I I I 0 I 12 I Go o d 

tt I &alaace I I 10 I I l. s I I I I 2. a I I I I 0 I 12 I Good 
u 1 aa 1 uc c 1 I 1 1 1 o. a51 1 1 1 1 a. 1 r 1 1 o . 1 u 1 co o d 
t I I 8 a I 1 act I I 3 I I o. t I I I I I 8. 3 I I I 0 I l 8 I G o o d 

I 0 I h 
1 
uc c I I 5 I 1 •· 5 I I I I I a. ~ I I I 0 I 11 I G 

0 0 

d I I . " ... -)1_ . Ii U Bd aace 1 I. O I. a 0 12 Go o d , .......... :. 
' -

U Blluce 18 1.5 2.8 0 12 Good r:--
U hlaHt I G. 95 '&. l - 0 18 Good ~ ~ { 1· 

tO Ba I u cc 3 O. l 8. 3 0 U G o o d 0 ~ \ i 
(') '::- . -

U h I u < e 5 0. 5 8. 5 0 11 G o o d --1 > -': ! 
to hlucc 1 1.0 · l.5 o··. 12 Good ~?; ::-
U 8aluce 18 l.5 2.8 0 U Good •·· 

L 



I 

Table l 4 •' 

Composition (9' by wt. ) B a I l Formation Ha Bonding Property 
Pb S n l n Sb Cu ~ i s i Zn Ag Au p t Pd 01ber1 

8 ll tact t G. l Q. 91 o. 0 l 0 5 Bad 
hluct ~ 0. 5 8. u 8. 83 0 5 Bad -
Balun ~ 0. 5 •· es 0. 05 0 6 Good 
h la act ! 0. 5 0. 01 a. u I 0 6 Good 
hlun I ! 0. 3 o. u I o. u 0 6 Good 
hlutt ·I I I I. • •· i I o. s 0 7 Good 

Bllucc I ! I I a. 3 9. 0 l I 0. 8 I •• u l 0 5 Bad 
8& I ucc i a. s I d. n I o. u I o. 05 0 5 Bad . 
hluet t o. i I o. es 0. 0$ O. I 0 6 Good 
hluct ! o. ~ 8. 5 8. 3 t 0 ~ 0 7 Good 

hlutt t e. ~ I o. 01 0. 01 0. OS 0 5 Bad 

B1l1acc I ! .. ~ o. 05 •. 05 0. s 0 6 Goo _d 

hliHt t 8. 5 Q. $ o. 5 e. OS 0 7 Good 

lalaut ! a. a 8. Ol a. Ol 0. 5 0 5 Bad 

~ 
11 

:1 

Baluu t •. 3 Q. 95 0. OS •• 03 0 6 Good N 
hluo ! o. 5 0. ~ a. a 0. 5 0 7 Good N 

hlucc i a. I 0. OI o. 01 0 5 Bad 
hliHt 5 0. $ 0. 03 0. 01 0 6 Good ·. 

hlucc 5 l. 8 0. OS 0. OS . 0 6 Good 

hluct s 3. • 9. OJ 0. 01 0 7 Good 

hlutt 5 6. 0 0. 09 8. l 0 7 Good ! 

lil UH a 8. 0 •• 5 0. 5 0 7 Good 

Iii HCC 5 18. 0 J. 0 1. Q 0 8 Good 

hhut 5 a. 1 I a. o 1 G. 8l l. 0 0 6 Good 

hltuc i I. t 0. l 8. l 5. 0 0 8 Good 

hlaue 5 t. u 0. ' a. t 18. 0 0 9 Good 
~ 

Billue 5 10. 0 L 0 I. 0 u. a 0 .1 0 Good ""d 

hlaau 5 0. Gl 0. 0 I 8. I 'O 5 Bad N 
t-~ 

hluce 5 0. 93 9. Bl o. 5 0 6 Good ..0 ~ 0 6 Good 
0 

8& I net 5 •. 05 0. 05 1. 0 ~ 
hluu 5 8. 07 0. 83 z. 0 0 6 Good 

;;3 
·~ 

Blluce 5 0. I 0. l l. 0 0 7 Good "'° ~ 0 1 Good a--
Baluce ~ 8. 2 Q. t 4. 0 

... ~ 
~ -. 



Table 15 

Composition (Jiii by wt. ) 
B a l l Formation Ha B o n d i n g Property 

Pb Sn l n Sb Cu N i 8 l Zn Ag Au p t Pd Olbers 
Balucc 5 1.0 I.I &. u 

. .. 0 8 Good 
hluce 5 I 0. I 8. II 8. OJ 8. 85 0 5 Bad 
hluct 5 I l. 0 0. 05 U5 0. 3 0 6 Good 
hlucc i I I 0. 0 0. $ 0. 5 e. a I 0 1 Good 
ai1110 j I 0. I 0. OI UI UI 0 6 Good 
hi lUt i I I. Q t.I 0. l 3. • 0 8 Good 
B&hlite I 5 I t. 0 ... u 10. 0 0 9 Good 
Btlucc i I I 0. 0 u I. 0 n a I 0 1 0 Good 
B&lucc i I Q. I I 6. 0 l .. Ol t e 0 6 Good 
hlllct 5 I 1.0 0. I 8. I $. d I 0 8 Good 
Bilucc I 5 t 0 u 8. t 10. 0 0 9 Good 
hl&uc i IQ. 0 l.O u 30. 0 0 l 0 Good 
81lucc 5 0. I a. u 0.01 l. u 0 6 Good 
Bduce j I. 0 8. I 0. I 5. 0 0 8 Good 
hlaur 3 ta 8.C 0. t u. a 0 9 Good 
Baluce 5 IO. 0 1.8 1.8 30. 0 0 l 0 Good N 

(,.) 

la I uce 19 8. 01 ..,, o. 11 0 9 Good 
Jalaocc 10 0. IS •. 10 0. 1 0 6 Good 
B&luce to 8. l u l.U 0 7 Good 
B&lucc 18 a. z u 2. 0 0 7 Good 

811&acc 18 &. 5 0. 5 5 .• 0 9 Good 

Baluce I 0 0. 99 Ul a. u 0 9 Good 
hl1ue 10 0. DI o. u 0. 01 0 7 Good 
8a I UCI I 8 a. 89 0. 10 8. 1 0 8 Good 
Baluce IO 0. 2 0. 3 o. 3 0 7 Good ~ 
hlucc IG .. " Ul l. 8 0 8 Good trj .. 

~· 
hlucc 10 0. I 8. I 0. I . 0 1 Good 

""" 
r ;:po. . 

hluca l. 0 :o 8 Good ' "'° {"") 10 •• 5 0. 5 
0 tr.I 

8alaacc 18 8. 1 0. I •. l 0 7 Good 0 ~ 
1. 8 0 8 Good -f Ba hue 10 0. 5 •• 5 ~ ~ 81lauc IO D. I 0. 01 Ul l. 0 0 7 Good ~ 

811 uce IQ l. 0 8. t 0. t 5. • . . 0 8 Good ~ 0- -~ 
hluce 10 8.4 18. 0 0 8 Good ~ nta I. 0 e. ' ~~ ; 



, 

' . 
Tab 

. . 
' 1 e l 6 

Composition (% by wt. ) Ba I I Formation H1 Bonding Property 
p"b S n l·n Sb Cu ~ i B i Zn Ag Au p t Pd O&keo 

hi UH 10 to 8. l 0. t 10. 0 : 0 9 Good 
hluce 10 10 •• l.O 1.0 30. 0 0 l 0 Good 

l l&llace I I 0 I 0. I 0. 0 I 0. at 1. 8 0 7 Good 
hlaace Id u 0 o) 0 ·J 5.. 0 8 Good .. . .. 
hluce 10 u o. t I o. t I 0. G 0 8 Good 
hluce lO u &. t o. t I to. 0 0 9 Good 
l1luce I U IU u 1.0 30. 0 0 l 0 Good i 

3aluct 18 u 0. GI o. at 1.8 0 7 Good I 
I 

a. la ace IO u 0. ! 0. % $. 0 0 8 Good 
hhue 10 l.G 6. t a. t 10. 0 ' 0 8 Good 
hluce 1 18 1.8 0.t lo.t 18. 0 0 9 Good 
hh10 10 IU LO u 30 .• 0 1 0 Good 
hilHt I 0 u 8. OJ 0. 01 l.O 0 7 Good 
hluce IO l.Q 0. 2 0. 2 s. 0 0 8 Good 
a11uce lO u 0. t •. t 18 •• 0 8 Good N ~ hlu<e I & u •. t 0. I 18. 0 0 9 Good ~ 

hlaue 18 18. 0 1. 0 1.0 : 31. 8 0 1 0 Good 
hlucc 15 0. I 0. OI 0. OJ u 0 8 Good 

hluce 15 u 0. t 0. t 5 •• 0 9 Good 

hluce Ii u 0. t &. t 18. 0 0 9 Good 

hluce 15 t.D u 8. t 10 •• 0 1 0 Good 

h l uce 15 IU. 8 l.8 . I. 0 38. 0 0 1 1 Good 

h l11cc u 8. I 8. 0 I 0. 01 l.G 0 8 Good 
i h Ince 20 1.Q G. t 0. t 5. • 0 9 Good 

hluu 28 1.9 8. t 0. t 18. 0 0 9 Good 

hluu 20 u 0. t 0. t 10 .• 0 l l Good 
~I 

hluce u I 0. 8 1.8 I. 0 30. 0 0 1 2 Good ~ 
hlucc . 20 8. 1 •• Ol 0. Ol l. Q 0 8 Good t-,) ·~ Bal aace tQ l. 0 9. t .. ! 5. 0 0 9 Good '° 0 ' t'l:1 i hluce 18 1.0 0. t u 18. 0 0 9 Good 

~ ~ 
I 
! 

hluce ?O u 0. t 0. t 18. 0 0 1 l Good 

Ba luce 28 IU 1.8 LO u.o . 0 l 2 Good ~ 
l&luce 28 8. I 0. 8l •. u l. 8 0 8 Good O" ~ 

~ .. 
-~ 



I 

,, ~ 

Tab l e l 7 

~ Composition 06 by wt. ) Ba I l Formation Ha Bonding Property 
Pb Sn I n Sb C LI N i B i Zn Ag A" p l Pd Ol~er1 

hluc• u l. • G. t 8. 2 s. 0 0 9 Good 
hluc1 to L a a. t 0. t 10 •• 0 9 Good 
hluct !O to 0. t 0. ' 18. 0 0 l l Good 
hluo !8 18. 0 l. 0 l.O 30 .• 0 l 2 Good 
ai1uc~ to d. l 0. ai o. 01 I ~. e 0 a· Good 
hlucc !O I. 8 o. ! G. 1 5. 0 0 9 Good 
B• I nee to l. 0 0. ' o. ' 10. 0 0 9 Good 
hlUtl to t 0 0. t o. t lO. 0 0 l l Good 
hlute t8 lQ. Q I. 0 l. Q 39. 0 0 l 2 Good 
hluc1 19 d. OI 0. 99 0. I 

, 
0 1 Good 

hi llCi JO 8. I Q. t 6. 5 0 7 Good 
hlun 38 0. 3 a. 1 u 0 8 Good I 
hluc1 38 8. I o. 5 t.O 0 9 Good 
hluc1 lO &. l 0. 3 u 0 9 Good 
hluc1 30 0. ~ t. t ... 0 9 Good 1'J 
hllu1 38 &. s 0. ~ 5. 0 0 tu Good 01 • ·;1 ... 
hluc1 30 0. 9 a. 9 10. 8 0 ll Good l 

l hluc1 30 0. I •. l 0. 81 0 7 Good :1 
hluc1 30 0. t 0. l o. l 0 7 Good 

f 8l l &1lt I l8 D. 3 •. t •• 3 0 9 Good 
hluc1 38 a. a o. 8 1.8 0 ID Good 
8aluce 30 0. l 0. I o. l 0 7 Good 
hluc. 30 a. 5 .. ~ .. 

l. 0 0 9 Good 
hlun 30 0. l 0. l 8. I 0 7 Good 
hlucc 38 D. 5 0. 3 l. 0 0 9 Good 
B1luce u 0. Gl 0. 99 D. I 0 lO Good 

~-hluc1 u 8. I 0. ; u 0 10 Good I 
Baluu '° •. 3 Q. ' to o· II Good N >. 

"° i hluc1 tO 8. t u. 5 u 0 ll Good 0 
hlucc 0 e. t 8. 3 to 0 11 Good n 
hlutt u 8. 5 o. J t. 0 0 11 Good 

~ -3 
0 Good 

.. 
hluc• H a. 5 Q. 5 to ll t..-.:i 

hlucc 0 0. ' e. s 5 •• 0 11 Good ~ 
-~ .. 
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·• .. 
Tab l · 1 9 I e 

Composition (% by wt. ) 8 a l l Formation tt. Bonding Property 
Pb Sn I n Sb Cu ~ i B i z n Ag Au p t .P d p 

18 BJluu 0. I o. l t. 8 ·o 10 Good 
u hluc1 D. 81 0. H o. 1 0 12 Good 
ta 81luc1 0. I d. 8 o. a 0 u Good ! 

to hlun 0. 3 o. 6 t e 0 u Good 
.. I hl&W 0. t u t. 0 13 G o o d 
u B&lucc 0. i Q, 1 to 0 l2 Good I 

u hluc1 0. ~ 0. 6 t 0 0 ll Good I If j 91l1rn 0. 6 0. I 3. 0 0 u Good 
u hluc1 o. i •. t t. • 0 IZ Good l 
u I ai1&ac• 0. 6 u to 0 13 Good 
u a1I1ac i o. a o. l i. a 0 13 Good 
u hhac1 0. i G.l a. 0 0 I! Good 
IO 8al11c1 8. 99 a.di 18. 8 0 u Good 

hluu u 0 u Good 
hluc1 e. 1 D.9 t. 0 u Good N 
8&hu1 0. t 0. s to. Q 0 H Good ...... 

B&lucc 9. s G.ii 0 13 Good 
I 81 IHCi 0. l o. 1 0 13 Good 

81Iuc1 LO 0 12 Good 
hlaac1 2. 0 0 u Good 
8aluc1 2. Q 0 u Good 
81lucc 8. u 0 IO Good 
hl&ati 0. 1 0 10 Good 
hlaac1 l.G 0 12 Good 
hhati a. e 0 u Good 
hluc1 18. 0 0 13 Good 

~~\ 
i 

81 I aau n.o 0 . lS Good ! 
hllac1 o. 81 6 lO Good 

hluc1 0. l 
. 

0 10 Good I 

0 91 I 

8allUC l. 0 ·. 0 u Good 

81ltac1 $. Q 0 u Good n ra 
h luc1 u: a 0 . 13 Good ~ ~ I 

hlaue Zf. 0 0 u Good 

lj! 11 .. 

'. 



I 

Table 20 .. 

c o m p o s i t i o n (96 by wt. ) H, II 

8 a I l Formation Bonding Property 
Pbj Sn I n Sb Cu ~ i B i Zn Ag Au fl t Pd p 

hluc1 I 8. 01 0 18 Good 
hi ace o. l 0 lO Good 
hluu 1. 8 0 lt Good 
hllHI s .• 0 12 Good 

I hlun 10 .• 0 lJ Good 
I hi !3CI u. 8 0 15 Good 
I hluc1 I I I I Q. 0 I 0 18 Good 
I hlun I. I G. l 0 18 Good 
I 3a I UCl l.8 0 u Good 

I htm~ I I I 5. 0 ' 0 u Good 
I hlun I I ID. 0 0 13 Good 
I hluu . 28. 0 0 . IS Good 

hlaacc 8. OI 0. 01 0 11 Good 
hluce •. l 0. I 0 11 Good 

hi ucc 0. l l.D 0 u Good 

"' hluu l. Q 3.8 0 13 Good co 
hluc1 2. 8 5 •• 0 " Good 
hi IHI 3. 0 ta 0 15 Good 

hluc1 t 0 i. 0 0 16 Good 

hlucc 5. 0 u 0 l& Good 

81luc1 5. 8 lo. 8 0 11 Good 

Baluc1 18 .• 20. 0 0 10 Good 

hlaace •. 81 0. 81 0 ll Good 

Balaace 0. I 8. I 0 ll Good 

B&I aan 1.8 l. • 0 12 Good 

hluc1 0 Good 3. 0 5. 0 H 

~ hlUtl s. 0 18. Q 0 .11 Good 

hlau1 la. 0 21. 0 0 28 Good N i:-

hluc~ •. 61 o ... 0 11 Good ...0 g 
0 8&luc1 Q. I o. l 0 ll Good n ~· 

hl1u1 l. Q l. • 0 12 Good .. tr.! 
~ ~ h I aace 3. 8 s. 0 0 lt Good i I 

Bil ucc 5. & 18. 0 0 11 Good I .~~ I 
ltltil 

! ~ -· 



I 

.. "' I 'Ta b 1 e 2 1 
\ 
I 

Composition (,, by wt. ) 
8 a I l Formation Ha Bonding Property 

PbjSn I n s b Cu N i 8 I Zn Ag Au p t Pd p 

I 1i11ac; I 0. 0 I I to. 0 0 28 G"o o d 
~a(UCI 4. OI I 8. 81 0 II Good 

I aatu« G. l I 0. I 0 ll Good 
I hliui l.O I l.O 0 I! Good 

Bahac1 1. 0 s. 0 0 ll Good 

I I aa I UC~ s. 0 I 18. 8 0 li Good 
hluc. It•. 0 I I u .• 0 20 Good I 9&hDC. a.0tltUI 0 18 Good 

I 6. I I 0 
I 

Ba lute G. l ;' 18 Good 
hlun o. 3 I. 0 0 12 Good 
IBt1m~ I o. 3 5 • • 0 12 G o.o d 
hluu l. • ~- 0 0 ll Good 
hi &HI 3 •• t 0 0 u Good 

~ Balun 1. 0 I 0. 0 0 l& Good 
811aan 19. 0 u. 0 0 20 Good ....., 

(.0 

hlun 0. 8l a. OI 8 ..... 0 10 Good l 811un •• l 1.8 8. 005 0 11 Good ; 

Balun •. t j,. o. 025 0 I! Good 
Baluo 3. Q 19. 0 0. I 0 H Good 
hllHI I 0. u 8. DI 0 II Good 
hluc1 J.O l. 0 0 u Good 
hl&HI 3. a to 0 ll Cood 
81luc1 18. 8 20. a 0 u Good 
8aluc1 a. II 0. 81 0. OUl 0 10 Good 
Balucc 0. l l. 0 0. 00$ 0 It Good 

~· Baluc; G. t i .• G. 025 0 l2 Good 11 

~· B&ltaci 3. 0 10. e 0. l 0 ·u Good 
N 

hl11c1 o. Ol 0. Dl 0 lO Good ..0 QI \ 
hl1u1 1. 0 1. 0 0 u Good 0 

5. 0 0 Good ~ ~, i 
hlaac1 3. 0 u 

~ 
i 

laluc1 10 •• zo. 0 0 ZG Good '6 
a. Ol 0. OUl 0 10 Good "'° C#.) 8ahoc1 o. 01 "" ~ 81 luc1 I. I I. 0 0. D0$ 0 ll Good 

.. ~ 



l 

I 

.. "' ~ ' Tab 1 e 22 

\ 
Composition (% by wt. ) 

Ha 
.\ 

8 a l l Formation Bonding P r o ·p e r ' y 

Pb Sn l 'n s b c I.I N i B i Zn A ll Au p t Pd p hlucc 
0. 2 3. Q a. &25 0 12 Good 

I 
8alucc 

3. 0 10. 0 u 0 It Good 
Bllucc I 0. 0 l o. 81 0 10 Good I 

hluc; 
1.0 1.0 0 1Z Good 

8tlucc 
3. 0 3 •• 0 u Good 

hluc1 I 0. 8 u. 0 0 28 Good 
Bala an I o. 0 l •• 01 d. OOOI 0 l8 Good I 

8alue1 
O. I l. 0 0. 085 0 ll Good 

Ba luc1 
0. ! to 8.'823 0 12 Good 

hlucc I 3. 0 ta .• 8. I 0 It Good 
Balun .. di 0. 0 I 0. 81 I 0 II Good 
hluc1 0. I 0. I 0. I 

0 II Good 
8&1uc1 8.1 9. I l.O 

0 l2 ·Good 
811Utl 1.0 •. 3 3. 8 

0 13 Good 
w 

81hH1 2. a a. ; 5. 0 
0 H Good 0 \ 

8&J llCI l. 0 1.0 5. 0 
0 15 Good 1 

.! 

Baluci tu l.O 5. 8 
0 16 Good l 

Ii I a ace u l.O l.G 
0 11 Good I 

8alucc u 1.8 19. 0 
0 l8 Good 

Ba luc1 18. 8 to 28 •• 
0 H Good 

I duce 0. 01 8. 81 0. u 0 11 Good 
Bahocc o. l 8. l 0 tl Good I 

.0. I 
Balucc l.G o. s I. 0 0 u Good 
Balucc l. a 1.8 5. 8 0 " Good 
Balucc 5. 0 1. ~ lO. 8 0 l& Good 

~ 
S.lucc 18.·0 t. 28. 0 I 0 u Good 
hlucc 8. 81 Ul o. 8l O' ll Good "'-> > I -0 Q 

Balun O. I 8. 1 e. 1 0 l1 Good 
0 l 

hluce 1. 0 G. 5 l. Q 0 12 Good ~ ~ 
trJ 

hlucc 3. u 1.8 5. 8 . 
0 H Good 

~ ~ I 

hlucc s. 0 1.$ ... 8 0 18 Good 
O" en 

Ba Ince 18 •• u u. Q 0 u Good 63 
hlun 8. 81 0. Dl 0. 81 0 11 Good 

~ 



'• 
Tab l e 2 3 

"' . 
Composition (~ by wt. ) Ha l 

B a l l Formation Bonding Property ... 
.i 

p b Sn l n Sb Cu N i B i Zn A If Au p l Pd p I 
l 

hlaHI ti 0. I o. l 0 11 Good ·I 
hllHI l.O 8. 5 \. Q 0 It Good 
hl&Ui l. 0 l.8 5. 8 0 H Good 
Ba I &At! 5. 0 l.5 18. 0 0 II Good 
hluc~ l 0. 0 t 0 zo .• 0 u Good 
hlucc 0. 0 l 8. OI 0. OI 0 II Good 
hl&HI •. l 0. I 8. I 0 11 Good 
Ba lucc 0. l 0. l u 0 12 Good 
hluc1 1.8 8. s 3. 0 0 l3 Good 

J hhacc t 0 0. 1 te ,. 0 lt Good 
Balaacc 1. 0 I. 0 u 0 15 Good 
hi Utt t. l. 8 u 0 16 Good 

I 8a IUCI 5. • 1.8 i. 0 0 11 Good 
hlucc 5 •• I. 8 IU 0 11 Good I 
81 I UCI 18. 0 2. 0 u .• 0 u Good 
hluci 8. 0 I 8. 01 0. 81 0 II Good w ..... 

l hlucc 8. I 0. l 0. l 0 ll Good 
8&luc1 0. I 8. I 1. 0 0 12 Good 
hlucc l.O 8. 5 3. 0 0 u Good .1 ., 

B.alucc t 0 8. 1 a.a 0 It Good .l 

8aluc1 3. 0 l. 8 5. 0 0 lS Good 
8aluc1 t 0 I. 0 $. 0 0 I& Good 
hluc1 5. 0 l. 8 1. 8 0 11 Good 
hluc1 5. 0 l. • 18. 0 0 l& Good 
hlnc1 19. 8 to u. 0 0 H Good 
hluc1 8. 01 o. 01 o. Ol 0 ll Good 

~ Baluu 0. l 0. I 8. l 0 11 Good 
hlucc 0. I 0. l l. 0 0. u Good N 
B1luc1 l. 0 0. 5 3. a 0 u Good '° g 
hluc1 te 5. 0 0 14 Good 0 0. 1 ("') ~ 
hluc1 l. • 1. • 5. 8 0 15 Good -4 rn1 l 
hluc1 to 1. • 5. G 0 16 Good :§ ~I . . 
lalucc 5. 0 I. 8 1. Q 0 11 Good IQ;-. ·~·· ~·: 

~:; 
-



Composition (% b 'I wt. ) 
Pb Sn I n s b Cu . Ni B i Zn Ag Au p t 

81luc1 ~. 0 I.I l8. 0 
hlucc 18. 0 2.0 u. 8 
hluct e. OI 0.01 
hluce 0. l 8. l 
hlucc 0. I •. l 
Ba I uce u u 
B&lun t 0 . 0. i 

hlucc l. 0 l.O 
hhatl t.8 1.0 
8aiuce 3. 0 1.0 
hluet 3. • 1.8 
Balun 18. 8 2. • 
hlucc 0. Gl a. u 0. 01 
8aliHI 8. I 0. l 8. I 
Balucc 8. 5 8. 5 1.8 
h laue a. s a. 5 5. 0 
8&luc1 l.O I. 0 s. 0 
lalauc 1.8 3. 8 5. 0 
B&lluc 5 •• 1. a 18. 0 
Balucc tu. 0 18. 0 no 
B&luce 0. " 8. 01 0. OI 
h la ace o. 3 8. I 1. • 
Baluci 1.8 0. z 5. 8 
B&lucc 5. 0 3. • 1 o. a 
&alucc a. u 0. 01 8. 01 
hlaacc G. 5 1. 8 I. • 
Ba Ince 5. 0 3. 8 5. 0 
hl&UI 10. 0 10. 0 zo. 0 
hlucc o ... •. 81 0. 01 
Ba hue o. 5 o. 1 l. 0 
hlaue I. D 8. 1 5 •• 
hluce 5 •• 3. 0 10. 0 
Btlucc 0. Dl 0. 11 0. Ol 

T a b 1 e 24 

Ba l I Formation Ha 
Pd p 

0 II 
0 u 

8. 81 0 II 
0. I 0 II 
I. 0 0 12 
3. u 0 13 
i. 0 0 It 
3. 8 0 15 
$. 0 0 16 
l. 0 ' 0 11 .. 

18. 8 0 18 
u.a 0 22 

0 II 
0 II 
0 12 
0 13 
0 It 
0 15 
0 19 
0 26 

a. 0001 0 11 
0. 805 0 u 
o. 025 0 13 
0. 1 0 JI 

0 11 
0 u 
0 11 
0 u 

0. OIOl 0 11 
o. 00$ 0 u 
0. OH 0 l3 
•• 1 0 II 

0 11 

B o n d i n g Property 

Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
G~od 

Good 
Good 
Good 
Good 
Good 
Good 
Good 
G O·O d 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
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Tab 1 e 25 ... 4• 

Composition (" by wt. ) 8 a l I .Formation "· 8 o n d i n g Property 
Pb Sn I n s b Cu N i B i Zn Ag A. " p t Pd p 

Bahu1 0. 3 I. 8 I. 0 0 It Good 
··1 l UCI 5. 0 3. • 5. 0 0 11 Good 
hh&el lO.. lo. 0 28. 0 0 u Good ' 
hlUCI •• 01 •• Ol o. QI O. HU 0 11 Good 
Ba hue 8. ) o. l l. 0 D. 00$ 0 u Good i 

I 
Ba I IACt u 0. 2 5. 0 O. OU 0 u Good 
8tluc1 5. 9 3. 0 10. 0 o. l 0 u Good 
hhac1 0. 0 I O. GI 0. Ol 0 ll Good 
S.hu1 8. 5 l.O I. 8 0 u Good 
la I uc1 5. 8 3. 0 5. 8 , 0 11 Good 
hllac1 10 .• 18. 0 20. 8 0 u Good 
Blhu1 8. 0 I o. 01 0. 01 o. aeu 0 II Good 
Baluc1 8. 5 O. I I. 0 a. oos 0 Good 

! 
12 

B1hu1 l.O 0. 2 5. 0 o. 025 0 l3 Good 
htucc 5. G 3. 0 IO. 0 0. I 0 I& Good 

~ Bil llCI 8. Ol O. 0 I •• 0 l 0 ll Good 
w w 

Bal&acc 8. 5 I. 0 l.O 0 u Good "·! 

Bil UC I l.O 1. 0 5 .• 0 It Good .l 
Ba I lA«< 2. 0 to .• u .• 0 u Good :~ 

S.lucc •. et a. 01 o. 01 0 ll Good 
hluce e. a l.O 1. 8 0 u Good 
hllHI 2. • 10. 8 28. D 0 u Good 
81hace a: 0 I a. u 8. Ol 0 ll Good 
hluc1 o. 5 t. 0 1. 0 0 u Good 
hluc1 f.0 10. 8 zo. Q 0 u Good 
lahHI 0. 0 l 0. 01 8. 01 0 ll Good 

~· 
Baluc1 0. 5 1. Q l. 0 0 u Good 

~ I 
Baluce 2. 0 I 0. 8 ID. 8 0 u Good 1') 

f; 8&luc1 0. It •• 01 o. 81 0 u Good -0 

~ 
tr.l 

hlutc •• 5 1. 0 l. 0 0 u Good ~ hlucc l.I l. Q 5. 0 0 H Good 
~ i 

8&luc1 ta 1 o. a 20. 0 0 u Good ~ i ; 

8aluc1 o. 01 0 II Good @" ~ 
•. 11 •• Ul :;::x::: 

f: f::'tj' • 
~· .. 

I 
. 

-. 



Table 2 6 
<( .. 

I Composition (" by wt. ) 
Ba l I Formation ff. Bonding Property Pb Sn l n Sb Cu N i B i Zn All Au p t Pd p 

hluc• 0. s 1.8 I. 8 0 u Good 8& I UCI t a 10. 0 ze. • 0 2t Good 8&luc1 a. 01 8. 0 I 8. ti 0 ll Good hlu~~ a. s u LO 0 u Good h I ucc t • I 0. 0 to. 0 0 u Good 8aluc< 8. 01 I. Ol o. GI 0 ll Good 8al1u1 a. 5 I. 0 I. 0 0 u Good 8&11Qte t. 0 lO •• u.o 0 !t Good 8&1 uc~ 0. 81 0. 81 0. Ol 0. GI 0 ll Good 8a I UCI I. 0 0. 5 l.U I. 0 ,' 0 ll Good 8ilucc 3. Q l.Q I. 0 5. u 0 I~ Good Bil11c1 IO. O !. • lo.I zu 0 26 Good lllaac• D.' 81 0. 0 I 0. OJ 8. 81 0 II Good hluce I. 8 o. 5 u l. 0 0 l3 Good hl1acc I 0. 0 2. 0 18. 0 18. 0 0 2& Good hl&acc 8. GI a. 11 0. 01 •• Ol 0 II Good w 
~ 811 UCI l .• 8. s 1.0 J. 0 0 13 Good hlun I 0. 8 2. 0 18. D I 0. 0 0 26 Good 

' 
hluc1 o. 81 8. 0 I 0. OI 0. 0 I 0 ll Good BlliGCI t. 8 0. s I. 0 I. u 0 13 Good 81lltc1 18. 0 2. 0 IU 10. & 0 26 Good 8aluc1 0. 01 0. 01 o. 81 8.01 0 II Good hlucc I. 0 o. 5 1.0 I. 0 0 l3 Good hlaacc 5. 0 l. 0 I.I 5. 0 0 IS Good hlucc l 0. 8 2. 0 18 .• zu.o 0 Z6 Good 

~ 
8&1 uce o. 0 l a. o 1 8. OI 0. 81 0 ll Good Bllun l.D o. 5 l •• 1. 0 0 ll Good N &:: 8&1 Ute I 0. 8 z. 0 18. t I 0. 8 0 u Good '° g. hluci 8 ... 8. 0 I I.II 8. 01 0 ll Good 0 

~-hlucc I. 0 a. 5 l.I I. 8 0 u Good ~ 
~I .-lo 

h l uci 10. I 2. 0 10. I 10 .• 0 26 Good '° '° 
hluc1 0. 0 l 0. Bl 0. II 0. at 0 11 Good 0-

~I 
hl11c1 l. 0 0. 5 I. I l. 0 0 13 Good .. 

-
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What is claimed is: 

1. A s·emiconductor package connecting method for electrically 

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

in9 steps of: 

f ormin9 a ball having a Brinell hardness number 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 produced by 

quench solidification; 

pulling the alloy wire away from a semiconductor package or a 

substrate after joining the hall to an aluminum alloy wiring line formed 

on the semiconductor package or an aluminum alloy wiring line for.med 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-

conductor package or on th~t of the substrate; and 
,·· 

electrically connecting the semiconductor package 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 contains, 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, Zn, Ga, Ge, Se, Zr, Nb, 

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

This Sheet Has Been Rqtlaced. · 

I IDllf llllHlll llf f 111 THlS SHEET HAS BEEN 
REPLACED 
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4. A semiconductor packaqe connectinq method according to C~a.im 

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

6 to ~ 26. 

5. A semiconductor package connecting wire formed by drawing an 

·alloy materiai produced by quench.solidifying an alloy containing Pb, Sn 

or In as a principal element, and an.additive 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 5, 

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, Zn, Ga, Ge, Se, Zr, Nb, Mo, · 

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

7. A semiconductor package connectinq wire according to Claim 5'., 

wherein the Brinell hardne,s number of the ball is in the range of ~ 6 

~o ~ 26. 

8. A semiconductor device comprising: 

a substrate; and 

a semiconductor package electrically connected to the substr~te 

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 

nwnber of the balls is HB 6 or higher. 

THIS SHEET HAS BEEN 
REPLACED J 
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9. A semiconductor device accordinq to Claim 8, wherein the 

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

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

bondinq method. 

10. A semiconductor device according to Claim B, 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, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga, Ge, Se, Zr, Nb, Mo, Pd, 

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

11. A semiconductor device accordinq to Claim 8, wherein the 

Brinell hardness number of the ball is in the ranqe of BB 6 to ~ 26. 

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. 

This Sheet Has Been Replaced 

J 111/lll llllll l/ll'lll llll 

1 THIS SHEET HAS BEEN 
REPLACED 
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ABSTRACT OF mE DISCLOSURE 

SEMICONtJUC'rO'R PACKAGE CONNEC'rING METHOD, SEMICONDUCTOR 

PACKAGE CONNECTING WIRES AND SEMICONDUCTOR DEVICES 

A method of electrically connectinq a semiconductor packaqe to a 

substrate by usinq bump contacts fol:nled by heatinq the tip of an alloy 

wire and directly joined to aluminum alloy-wiring lines, an alloy wire 

for such a purpose, and a semiconductor device constructed by electri-· 

cally c:onnectinq a semiconductor paclcaqe to a substrate by such a 

method. The alloy wire is p:t:oduced by drawinq an alloy material pro-

duced by quench solidifyinq an alloy containing Pb, Sn or In as a 

principal element, and an additive element or additive elements. 'rhe 

tip of the alloy win is heated to form a ball to be joined t·~ the 

aluminum alloy wirinq line as a bump contact. The Brinell hardness 

:number of the ball is ~ 6 or higher. 

(Figures 2 am 6) 

r'";- ., . 

~~~~ r.1 ~ 
'"'2 ...... 
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Recently, aluminium alloys, such as Al-Si and Al-Cu-Si, 
have become used widely as wiring materials for semiconductor 
chips for their capability of suppressing electromiqration 
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 Cucl 2 , Znc12 , 
NH4c1, sncl2 or HCl to remove an oxide covering the surface 
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 
quench 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 "HB6") 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 :eb 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 m~terial 
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 bwnp 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\ 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; and said 

alloy being capable of forming a ball of HB6 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
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; 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 H86 or higher. 

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

The ball of the alloy of a hardness of HB6 or higher 

disrupts the oxide film, which has a hardness in the order of 
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HB12, 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 surf ace of the 

aluminium wiring line. 
It is known that the pressurised contact of the ball, 

having a hardness of HB6 or higher with the oxide layer of 

the aluminium wiring line having hardness of HB12, 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. 



REPLACEMENT SHEET · f 22s~1m I 
Substitute sheet - 20 September 1 999 

5 

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 quench solidifying process. The alloy wire 3 
may contain one or some additive elements among Be, B, C, Mg, 
Al, Si, P, Ca, Ti, V, Cr, Mn, Fe, Co, Ni, Cu; Zn, Ga, Ge, Se, 

Zr, Nb, Mo, Pd, 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. 

~en quenched, many lattice defects are formed in the 
alloy forming the alloy wire 3, minute crystal grains develop 
in an unequilibriated 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, ~he capillary tube 4 is lowered to bond the ball 
3a formed at the tip_ of the alloy wire 3 to the aluminium 
alloy wiring lihe 2a formed on the semiconductor chip 3. 

The ball 3a having- a h.ardness of H8 6 or higher 
sufficiently disrupts the oxide film ,coating of the surface 
of the aluminium wiring line 2a, which has a hardness of the 
order of RB 12, and ~e ball 3a is metallurgically bonded 
directly to the aluminium alloy wiring line 2a by diffusion 
between the surf ace of the ball 3a and the new surf ace 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 hall 3a as a bump contact 
3b on the aluminium alloy wirinq 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 junc-tion, 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. S, semiconductor chip 2 is placed 
on the substrate 1 with the bump contacts 3b bonded to the 
aluminium 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 l, 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 
beating the alloy wires, and the capability of bonding to the 
Al-Si alloy wiring lines. Examples 26-33 of each of Tables .6, 
B, 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 surf ace 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. 
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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 HB6 or hiqher, by heating 

the tip of an alloy wire produced by drawing an alloy 

material produced by rapid-quenching an alloy, said alloy 

comprisinq: 
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 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 

£or.ming 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 17 wherein the B~~n~ll 

hardness number of the ball is in the range of Hs6 to Hs26. 
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S. ~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\ 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. 
6. A connecting material according to claim S, 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 

HB6 to HB26. 
8. A semiconduc~or 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 
materi·al and said Zn 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 Hs6 or higher. 
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"'· 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 consisting 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 HB6 to Ha26. 
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 semicondu.ctor 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 semiconduc~or 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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