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(54) [TITLE OF INVENTION]

Au bonding wire for semiconductor device

(57) [CLAIMS]
[CLAIM 1]

Au bonding wire for semiconductor device featured for improving
roundness of a bonded ball and for increasing breaking stress of said
bonding wire, the bonding wire comprising: Au matrix and functional

additives; said Au matrix includes 3 - 15 mass ppm of Be, 3 - 40 mass
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ppm of Ca, and 3 - 20 mass ppm of La; said Au alloy includes 3 - 20
mass ppm of Ce and/or Bu as sald functional additives:; the residual
of Au alloy is Au.

[CLAIM 2]

Au bonding wire for semiconductor device featured for improving
roundess of a bonded ball and for increasing breaking stress of said
bonding wire, the bonding wire comprising:; Au matrix and functional
additives; said Au matrix includes 3 - 15 mass ppm of Be, 3 - 40 mass
ppm of Ca, and 3 - 20 mass ppm of La; said Au alloy includes 3 - 20
mass ppm of at least one element selected from Mg or Si as said
functional additives; the residual of Au alloy is Au.

[CLAIM 3]

Au bonding wire for semiconductor device featured for improving
roundness of a bonded ball and for increasing breaking stress of said
bending wire, the bonding wire comprising: Au matrix and functional
additives; said Au matrix includes 3 - 15 nass ppm of Be, 3 ~ 40 mass
ppm of Ca, and 3 - 20 mass ppm of La; said Au allcy includes 3 - 80
mass ppm of Sn as said functional additives; the residual of Au zalloy
is Au..

[CLAIM 4]

Au bonding wire for semiconductor device featured for improving
roundness of a ponded ball and for increasing breaking stress of said
bonding wire, the bonding wire comprising: Au matrix and functional
additives; said Au matrix includes 3 ~ 15 mass ppm of Be, 3 - 40 mass
ppm of Ca, and 3 - 20 mass ppm of La; sald Au alloy includes 3 - 20
mass ppm ppm of at least one slement selected from Mg or Si and 3
- 20 mass ppm of ¥ as said functional additives; the residual of Au
alloy is Au,

[CLAIM 5]

Au bonding wire for semiconducter device featured for improving
roundness of a bonded ball and for increasing breaking stress of said
bonding wire, the bonding wire comprising: Au matrix and functional
additives; said Au matrix includes 3 - 15 mass ppm of Be, 3 -~ 40 mass
ppm of Ca, and 3 - 20 mass ppm of La; said Au alloy includes 3 -~ 20
mass ppm of at least one element selectad from Mg or Si and 3 - 20
mass ppm of Ce and/cr EBu as said functional additives; the residual
of Au alloy 1is Au..

[CLAIM 6]

220



Au bonding wire for semiconductor device featured for improving
roundness of a bonded ball and for increasing breaking stress of said
bonding wire, the bonding wire comprising: Aumatrix and functional
additives; said Au matrix includes 3 ~ 15 mass ppm of Be, 3 ~ 40 mass
ppm of Ca, and 3 - 20 mass ppm of La; said Au alleoy includes 3 - 80
mass ppm of Sn and 3 - 20 mass ppm of Ce and/or Eu as said functional
additives; the residual of Au alloy is Au.

[CLAIM 7]

Au bonding wire for semiconductor device featured for improving
roundness of a bonded ball and for increasing breaking stress of saild
bonding wire, the bonding wire comprising: Au matrix and functional
additives; said Au matrix alloy includes 3 - 15 mass ppm of Be, 3
- 40 mass ppm of Ca, and 3 ~ 20 mass ppm of La; said Au alloy includes
3 - 20 mass ppm of at least one element selected from Mg or Si, and
3 - 20 mass ppm of Ce and/or Eu moreocver 3 - 20 mass ppm of ¥ as said
functicnal additives; the residual of Au alloy is Au.

[CLATIM 8]

Au bonding wire for semiconductor device according to one of claims
1 to 7, wherein said Au alloy matrix is of more than 99.9% wt % purity
of Au.

[CLAIM 9]

Au bonding wire for semiconductor device according to claims 1 to
8, wherein the roundness of compressed bonded ball of said Au alloy
is 0.95 - 1.05 and fracture stress of said Au alloy bonding wire is
more than 23 kg/mm®

[CLAIM 10}

Au bonding wire for semiconductor device according to claims 1 to
9, wherein the diameter of said Au alloy bonding wire is not more

than 23 microns.
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[DETAILED DESCRIPTION OF INVENTION]

[TECHNICAL FIELD]

[0001]

The present invention relates to Au bonding wire for semiconductor
device, which is used for connecting outer leads on printed circuit
of substrates with electrodes of integrated circuit devices. Moreover
particularly, it relates to Au bonding wire, which has supericr
roundness of compressed bonded ball.

{BACKGROUND OF THE ART]

[0002]

Conventicnally, it is well used that ultra fine wire, which is Au
matrix purity of more than 99.9%9% mass % with a small amount of
additive elements has been used for bonding wire for semiconductor
devices, which has diameter of 15 - 30 microns connecting outer ieads
to IC chip electrodes. Usually as a method of connecting Au bonding
wire for semiconductor, at the first bonding, mainly ultrasonic
combined heat compressing bonding method is used. According to this
method, the wire tip is heated and melted with arc heating, a ball
formed by surface tension, then the ball is stuck by compressed
bonding to electrode of semiconductor, which is heated in the range
of 150 ~ 300 degrees in Celsius, thereafter the bonding wire is
directly wedge bonded to outer lead by ultrasonic compression. In
order to be used as transistor or semiconductor devices such as IC
chip, after bonding by bonding wire mentioned above, it is sealed
by epoxy resin for protecting 51 chip, bonding wire or lead frame
where Si chip 1s ceonnected.

[0003]

Recently it has been required that Au bonding wire should be more
fine because of narrower pitch corresponding tomulti pins of IC chip
under circumstances of semiconductor devices should be smaller and
higher density of itself. Especially the size of semiconductor
device becomes smaller corresponding to higher integration and
smaller, thinner and higher functional of semiconductor devices.
Accordingly, size of bonding pad becomes smaller from 100 microns
to 40microns. Inorder toaveid absolute stiffness of wire decreased
gue to finer bonding wire diameter, and short-clrcuit with
neighboring wire due to narrower bonding pad distance, higher

breaking strength of bonding wire is required. Moreover in case of
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narrower bonding pad distance, dispersion of ball diameter should
be smaller for bonding wire in order to prevent contact with
neighboring bonded ball.

[0004]

However, according to conventional bonding wires, since tensile
strength and dispersion o0of ball diameter have opposite
characteristics, these two characteristics are incompatible. If the
strength of bonding wire is increased in order to aveid contact of
one bonding wire to ancther, dispersion of diameter of bonded ball
become broader, after all bonded ball is apt to be contacted. On the
other hand, if the wire strength is decreased in order to decrease
dispersion of ball diameter, wire flow becomes bigger in molding
process. After all bonding wire is apt to be contacted with each other.
Thus, higher density package has not been realized because of these
opposite characteristics.

[0005]

For instance, documents on wire bonding hereinbefore are listed
below:

[PATENT DOCUMENT 1] Japanese Patent No. H2-12022Z2

[PATENT DOCUMENT 2] Japanese Patent file 3143755

[PATENT DOCUMENT 3] Japanese Patent Application Laid-Open
Publication No. H5-173375

[PATENT DOCUMENT 4] Japanese Patent Application Laid-Open
Publication No. H&-145842

[PATENT DOCUMENT 5} Japanese Patent Application Laid-Open
Publication No. H7-335686

[PATENT DOCUMENT 6] Japanese Patent Application Laid-Open
Publication No. 2004-22887

{DISCLOSURE OF INVENTION]

[PROBLEMS TO BE SOLVED BY THE INVENTION!

[0006]

The present invention provides Au bonding wire for semiconducteor
device characterized that compressed bonded ball is formed superior
roundness, and it has enough breaking stress against wire flow, even
if diameter of bonding wire becomes less than 23 microns,.

[MEANS TO SOLVE THE PROBLEMS]

[0007]

The inventor had been researched to sclve saild problem, hence the
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present invention has been accomplished.

Namely, according to the present invention the following Au bonding

wire for semiconductor device is provided.

(1) Au bonding wire for semiconductor device featured for
improving roundess of a bonded ball and for increasing breaking
stress of said bonding wire, the bending wire comprising: Aumatrix
and functional additives; the residual of Au alloy is comprised
Au.

{(2) Au bonding wire for semiconductor device featured for
improving roundess of a bonded ball and for increasing breaking
stress of said bonding wire, the bonding wire comprising: Aumatrix
and functional additives; said Au matrix includes 3 -~ 15 mass ppm
of Be, 3 - 40 mass ppmn of Ca, and 3 - 20 mass ppm of La; said Au
alloy inciudes 2 - 20 mass ppm of Ce and/or Eu as said functional
additives; the residual of Au alloy is Au.

(3) Au bonding wire for semiconductor device featured for
improving roundess of a bonded ball and for increasing breaking
stress of said bonding wire, the bonding wire comprising: Aumatrix
and functional additives; said Aumatrix includes 3 - 15 mass ppm
of Be, 3 - 40 mass ppm of Ca, and 3 - 20 mass ppm ¢f La; said Au
alloy includes 3 - 20 mass ppm of at least one element selected
from Mg or Si as said functional additives; the residual of Au
alloy is Au.

{(4) Au  bonding wire for semiconductor device featured for
improving roundess of a bonded ball and for increasing breaking
stress of said bonding wire, the bonding wire comprising: Aumatrix
and functional additives; said Aumatrix includes 3 - 15 mass ppm
of Be, 3 - 40 mass ppm of Ca, and 3 - 20 mase ppm of La; said Au
alloy includes 3 - 80 mass ppm of 8Sn as said functicnal additives;
the residual of Au alloy is comprised Au.

(5} Au bonding wire for semiconductor device featured for
improving roundess of a bonded ball and for increasing breaking
stress of said bonding wire, the bonding wire comprising: Aumatrix
and functional additives; said Au matrix includes 3 - 15 mass ppm
of Be, 3 - 40 mass ppm ¢of Ca, and 3 - 20 mass ppm of La; said Au
alloy includes 3 ~ 20 mass ppm of at least cone element selected
from Mg cr Si and 3 ~ 20 mass ppm of ¥ as said functional additives;

the residual of Au allcy is Au.
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{6) Au bonding wire for semiconductor device featured for
improving roundess of a bonded ball and for increasing breaking
stress of said bonding wire, the bonding wire comprising: Aumatrix
and functional additives; sald Au matrix includes 3 -~ 15 mass ppm
of Be, 3 - 40 mass ppm of Ca, and 3 - 20 mass ppm of La; said Au
alloy includes 3 - 20 mass ppm of at least one element selected
from Mg or Si and 3 - 20 mass ppm of Ce and/or Eu as said functional
additives; the residual of Au alloy is Au.

{7) Au bonding wire for semiconductor device featured for
improving roundness of a bonded ball and for increasing breaking
stress of sald bonding wire, the bonding wire comprising: Aumatrix
and functional additives; said Aumatrix includes 3 ~ 15 mass ppm
of Be, 3 - 40 mass ppm ¢f Ca, and 3 - 20 mass ppm of La; said Au
alley inciudes 3 - 8C mass ppm of Sn and 3 - 20 mass ppm of Ce
and/or Bu as said functional additives; the residual of Au alley
is Au.

(8) Au bonding wire for semiconductor device featured for
improving roundness of a bonded ball and for increasing breaking
stress of said bonding wire, the bonding wire comprising: Aumatrix
and functional additives; said Au matrix alloy includes 3 - 15
mass ppm of Be, 3 - 40 mass ppm of Ca, and 3 - 20 mass ppm of La;
said Au alloy includes 3 - 20 mass ppm of at least one element
selected from Mg or Si, and 3 - 20 mass ppm of Ce and/cr Eu moreover
3 ~ 20 mass ppm of Y as said functional additives; the residual
of BRu alloy is Au.

(2) Au bonding wire for semiconductor device according to one of
claims 1 to 8, wherein said Au alloy matrix is consisting of more
than 99.99 wt % purity of Au.

(10) Au bonding wire for semiconductor device according to one of
claims 1 to 9, wherein the roundness of compressed bonded ball
of said Au alloy is 0.95 - 1.05 and fracture stress of said Au
alloy bonding wire is more than 23 kg/mm’.

(11) Au bonding wire for semiconductor device according to claims
1 to 10, wherein the diameter of said Au alloy bonding wire is
nct more than 23 microns.

[0008]

Roundness of compressed bonded bkall in the present invention is

defined as follows:
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Namely, after forming a molten ball from ultra fine bonding wire,
when diameter of compressed bonded kall is observed from the
direction of pressure, ultrasonic energy imposed direction from
bonding machine is set as Y-axis, and orthogonal direction of Y-axis
is set as X-axis, maximum value of X-axis of compressed bonded bhall
and maximum value of Y-axis of compressed bonded ball are defined
as value of X~axis (x;} andvalue of Y-axis (y;). 200 bonds are defined
as the first bonding by using bonding machine; each value of X-axis
(x;) and each value of Y~axis (v} are measured. Thenmaking an random
selection of 50 bonds from the 200 bonds, for those L0 bonds, values
are calculated from the value of X-axis (x;) divided by the wvalue
of Y-axis (y;). Finally, roundness of said compressed bonded ball
is defined as the mean cf calculated values of these 50 bonds.
[0002]

In the present invention breaking stress is defined as the value of
breaking strength divided by section area of bonding wire under
tensile test, where this ultra fine bonding wire has 4 % elongation

rate conditioned by heat treatment at 400 - 500 degrees Celsius after

continuous drawing.

[ADVANTAGES EFFECT OF THE INVENTION]

[0010]

Au bonding wire for semiconductor device of the present invention
is consisting of Au matrix and functional additives, though the
diameter of said bonding wire become less than 23 microns, 1t keeps
absolute stiffness of wire itself and forms a compressed ball with
higher roundness. Consequently bonding area is narrow enough at the
first bonding, and short-circuit between neighboring wires does not

occur in such higher density mounting.

[CESCRIPTION OF THE MOST PREFERRED EMBODIMENT]

[0011]

According to Au bonding wire for semiconductor device of the present
invention, the matrix consists of Be, Ca, La and Au. Au used for
matrix of the present invention has purity of mere than 99.99 mass %,
more preferably 99.999%9 mass %. It had been well known that above
mentioned matrix has effect of hardening and increasing stiffness

of pure Aumatrix so far. However if diameter of bonding wire becomes
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25 to 23 microns, there are defects that Au alloy using conventional
Au matrix becomes too hard and semiconductor chip is apt to break
easily.

[0012]

The inventors of the present invention sought for Au matrix which
is stable at hardness and stiffness though added various elements ,
and found that Au matrix containing totally less than 75 mass ppm,
more preferably 59 mass ppm of Be, Ca and La is stable in hardness
and stiffness. Though Be, La and Ca are element which are apt to
deform shape of molten ball against pure Au, according to this
Au-Be-Ca-Lamatrix, Be principally has effect of increasing hardness,
each of Be, La and Ca has effect of increasing stiffness, Ca mainly
plays a roll of balancing the whole alloy. To clarify these effects,
each purity of Be, Ca and La should be recommended more than 29 mass %,
preferably 9%.9 mass %.

[0013]

The Au-Be-Ca-Lamatrix (Aumatrix) according to the present invention,
improves roundness of compressed ball if said the amount of additlive
elements {(Be, Ca and La) are within the prescribed amount. The
preferable amounts of each additive to the whole mass of Au alloy
forming wire have the range of 3 - 15 mass ppm for Be, 3 - 40 mass
ppm for Ca, 3 - 20 mass ppm for La, and more preferably the range
of 3 - 13 mass ppm for Be, 7 - 30 mass ppm for Ca, 8 - 16 mass ppm
for La. If either Be, Ca or La is less than 3 mass ppm, absolute
stiffness after forming bonding wire becomes lower, and the wire
bonded does not endure against flow of resin in molding process. It
is so called wire flow. Especially it greatly appears tendency of
wire flow when diameter of bonding wire is less than 23 microns. If
more than 15 mass ppm of Be is added, wire strength is decreased while
conditioning 4 % elongation through heat treatment. If mecre than
40 mass ppm of Ca or more than 20 mass ppm of La is added, deformation
of compressed bonded ball becomes unstable, and dispersion of
diameter of compressed bonded bhall becomes broader.

The total amount of said additives in Au matrix should be more than
9 mass %, preferably more than 22 mass %.

(00143

Au-Be-Ca-La-Ce alloy and Au-Be-Ca-La~Eu alloy comprising small

amount of additives as functional element of Ce or Eu added to
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Au-Be~Ca-La matrix, have IiImproved breaking stress and improved
roundness of compressed bonded ball while the amount of additives
are within prescribed range. The amount of contents to the whole mass
of Au alloy is 3 - 15 mass ppm for Be, 3 - 40 mass ppm for Ca, and
3 - 20 mass ppm for La, preferably 7 - 13 mass ppm for Be, 7 - 30
mass ppm for Ca, and 8 - 16 mass ppm for La. If the amount of Be,
Ca or La is less than 3 mass ppm, absclute stiffness of bonding wire
becomes lower and it does not endure against wire flcow. Especially
it remarkably appears tendency of wire flow when diameter of wire
is less than 23 microns. If more than 15 mass ppm of Be is added,
wire strength is decreased when conditicned 4 % elongation by heat
treatment. If mecre than 40 mass ppm of Ca or more than Z0 mass ppm
of La is added, deformation of compressed ball becomes unstable and
dispersion of diameter of compressed bonded ball become broader.
[0015]

Purity of functional additives of Ce or Eu is more than 8% mass %,
preferably more than 99.9 mass %. The amount of content to the whole
mass of Aualloy forming wire is 3 - 20 mass ppm for Ce or Fu, preferably
range of 8 - 16 mass ppm for Ce or Eu. It is found that Ce or Eu
is finely dispersed in the matrix of 4 elements alloy of Au-Be-Ca-La,
and it has an effect of greatly improving breaking stress. Moreover
it is found that effect of improving breaking stress by Ce or Eu is
not hardly influenced though adding i, Mg and Ga, or Sk, Sn and Bi,
or small amount of additive of Y as functional additive element.
However, when less than 3 mass ppm ¢f Ce or fu is added, it is not
enough to improve breaking stress. When more than 20 mass ppm of Ce
or Eu is added, dispersion of diameter of compressed bonded ball
becomes broader. Hence content range of Ce or ¥u has been determined
as hereinbefore.

[0016]

Au-Be-Ca-La~-Mg alloy, Au-Be-Ca-La-31i alloy or Au-Be-Ca-La-Ga alloy
comprising small amount of functiocnal elements of Mg, $i or Ga added
te Au-Be-Ca-La matrix, has improved breaking stress and supericr
roundness of compressed bonded ball while the amount additives are
within prescribed ranges. The amount of contents to the whole mass
of Au alloy forming bonding wire is 3 - 20 mass ppm for Mg, 3 - 20
mass ppm for 31, and 3 - 20 mass ppm for Ga, preferably 7 - 18 mass

ppm for Mg, 7 -~ 18 mass ppm for Si, and 7 - 18 mass ppm for Ga. If
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the amount of Mg, S1 or Ga is less than 3 mass ppm, it has no effect
to improve roundness. If the amount of Mg, 5i or Ga 1s more than
20 mass ppm, deformation of compressed bonded ball become unstable
an d dispersion of diameter of compressed bonded ball become broader.
Hence content range of Mg, Si or Ga is determined as hereinbefore.
[0017]

Purity of Mg, 8$i or Ga is respectively more than 9% wt %, more
preferably more than 2%2.9 wt %. Tt is found that Mg, Si or Ga is finely
dispersed in Au-Be-Ca-Lamatrix, and it has aneffect of cutstandingly
improving roundness of compressed bonded ball, Moreover it is found
that effect of improving roundness by Mg, Si or Ga is hard to be
infiluenced by adding small amount of additive cf Ce, Fu or Y
(0018}

It is found that Au-Be-Ca-La-Sn alloy, Au-Be-Ca-La-3b alloy and
Au-Be-Ca-La-Bi alloy comprising small amount functional elements of
8n, Sh or Bi added to Au-Be-Ca-Lamatrix have improved breaking stress
and roundness of compressed ball while the amount of additives are
within prescribed range. The amount of contents to the whole mass
of Au alloy forming wire is 3 - 80 mass ppm for Sb, 3 - B0 mass ppm
for Sn, and 3 - 80 mass ppm for Bi, preferably range of 30 - 60 mass
ppm of each element. If the amount of each element of Sn, Sb or Bi
is less than 3 mass ppm or more than 80 mass ppm, effect of tightly
forming round shape of compressed bonded ball disappears, and
deformation of compressed bonded ball at bonding hecomes unstable,
and dispersion of diameter of compressed bonded ball becomes broader.
[0019]

Purity of 8n, Sb or Bi is more than 99 mass %, preferably 99.9 mass %.
It is found that Sn, S8b or Bi is finely dispersed in Au-Be-Ca~La matrix,
and it has effect of cutstandingly improving roundness of compressed
bonded ball. Moreover it is found that effect of improving roundness
of compressed bonded kall by Sn, Sb or Bi is hard to be influenced
though adding small amount of additive of Ce or Eu.

[0020]

By the way total amount of all partial additive elements to Aumatrix
is less than 100 ppm, preferably with range of 20 - 90 ppm. Because
it allows us to use an indicator as “purity is more than 99.99 mass %
of Au”, and because of its good dispersion in Au matrix, it makes

it pessible to get stable roundness even though wire diameter is 25
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microns to 23 microns.

The diameter of bonding wire should be 25 to 5 microns, preferably
23 to 8 microns.

(00217

Hereinafter, the working examples of the present invention are
explained.

[0022]

Example Ne. 1 - No. 53:

99.999 mass % of high purity of Au, compounding with additive elements
of shown values (mass ppm) in Table 1, was dissclved and cast in vacuum
furnace. Drawing this alleoy inte wire until conditioned 4%
elongation by final heat-treatment at diameters of 25 microns, 22
microns, 20 microns and 15 microns. This ultra fine bonding wire was
bonded as the first bonding on the 60 microns square Al pad of
semiconductor chip in the air. All bonded balls were formed within
60 microns sguare Al pads at the first bonding. The result is shown
in Table 2.

[0023]

Comparative Example No.l - No. 2Z

The examples, except content composition of additives varied as shown
in Takle 3, were obtained as ultra fine bonding wire by the same heat
treatment condition. These ultra fine bonding wires were evaluated.
The result is shown in Table 4.

(00241

Meanwhile, “breaking stress” was evaluated as follows. 22.999 mass %
of nighpurity of Au, compounding with partial additive elements shown
values (mass ppm) in Table 1, was dissolved and cast in vacuum furnace.
Drawing this alloy intowire, until conditioned 4% elongation by final
heat-treatment at diameters of 25 microns, 22 microns, 20 micrcns
and 15 microns. Then the bonding wire was cut in 10 cm length. These
were evaluated by mean of tensile test for each 10 bonding wire. It
is shown as “A” for not less than 23 kg/mm®, as “B” for not less than
20 kg/mm? and less than 23 kg/mm®, and as “C” for less than 20 kg/mm”.
[(0025]

“Roundness of compressed bonded ball” was evaluated as follows.
Beonding wires, obtained by above-mentioned method, were first bonded
to Al electrode (Thickness of Al: around 1 micron) on Silicon chip.

Then they were second bonded to leads comprising silver-plated
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42-alloy. At that time spans was 3 mm, 50 bonded wires are randomly
selected from 200 bonded wires for evaluation. Diameter of compressed
bonded bhall to parallel direction of ultrasonic energy imposed
direction and diameter of compressed bonded ball to vertical
direction of it were measured, then the ratio is shown as “A™ for
range of 0.95 - 1.05, as “"B” for range of 0.90 - 1.10 (excepting range
of 0.95 - 1.05), and as “C” for others.

[6026]

“Synthesized evaluation” was carried out from above-mentioned two
evaluations. Value “A” is given to especially excellent result with
more than two “A”s, “B” to excellent result with one “A” without “C”,
as “C” to ordinarily result which dces not receive any “A” and “C”,
as “D” to poor result with one or more “C”.

[0027]

It is obvious from the above-mentioned results that the Au bonding
wire of this invention performs satisfyving boding effect as far as
amount of functional additives of Au alloy remains in the prescribed
range, even if diameter of fine wire is not mere than 23 microns.
In the mean time, conventional Au bonding wire does not perform
satisfying bonding effect having amount of functional additives are

out of the range, if diameter of wire is not more than 23 microns.
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[0028]

[TABLE 1-1]
;3319 1-1
Nol Au Be hass %El% La fass |Ce mass|F) has %{E‘:s Si (nas %’?ﬁb Sh ass %?BS Bi tass|Y hass
opm) o) Ppm ) ppm) ) I_ppm) fpom ) o) pom) opn) ) ppn}
1 [ Bal [ 5 15 5 [ 1
2 | Bal 5 10 15
3 { Bal 10 10 10
4 { Bal 10 5 20
51 Bal 15 20 15
6 | Bal 15 b b
7 | Bal 3] 20 5 5
8 | Bal 10 10 10 10
9 | Bal 10 10 15 20
10| Bal 3] 20 5 b
11 ] Bal 10 10 10 10
12| Bal 15 5 15 20
13| Bal 5 20 10 5
14 | Bal 10 10 15 15
15| Bal 10 15 10 o 10 -
16 | Bal 15 H 20 20
17] Bal 5 25 5 ' 190
181 Bal 15 10 10 1h
194 Bal 5 20 10 ' 20
201 Bal 10 10 15 50
211 Bal 10 1b 10 50
221 Bal ib b 20 70
231 Bal 5 25 5 30
241 Bal 15 10 10 50
25| Bal 5 20 10 5 b
26| Bal 10 16 15 15 10
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[0029]

[TABLE 1-2)

Tehle 1-2

Nol Au Be fass %55 La fhass | Qg fassi [ has %ﬁs S has %ﬁs Sh ess 2‘15 Bi masslY hass

ppe) on) ppm ) ppm) ) o) ppn) - o) i) pon) pan)  dprn)

27| Bal | 10 15 10 R 15
28| Bal | 15 5 20 20 10
29 | Bal 5 25 5 10 10
30] Bal | 15 10 10 15 15
31] Bal | 1B 5 5 5 R

320 Bal [ 10 10 10 10 15

3] Bal | 10 26 20 15 |20

34| Bal 5 15 15 5 R I R

3% | Bal 10 20 10 10 S0

36| Bal | 10 25 5 5 20

37| Bal | 15 10 16 5 B 5

38| Bal 5 15 25 15 10

39| Bal 5 20 5 5 10 i G

40} Bal | 10 10 20 10 5 | 5] 5"

AT} Bal | 10 20 16 15 T 30

42| Bal | 10 10 10 10 50

43| Bal 5 5 15 10 70

44| Bal [ 10 25 15 5 30

45| Bal [ 10 10 10 10 50

46| Bal 5 20 5 5 70

47| Bal [ 10 30 5 5 30

gl Ba| 5 10 15 10 50

19| Bal 5 10 10 10 70

50 ] Bal | 10 20 10 10 20 | 20 [ 20

51 ] Bal 5 10 20 10 10 5
521 Bal | 10 25 10 10 15 10
53{ Bal 5 5 1 15 | 15 10 5
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10030]

[TABLE 2~1)
Tablk 2-1
No. of Tabk 1 D EI]:,L,e;gr of Roundness | Breakig Stress {Synthesized evaliatbn
27 25 A A A
28 22 A B B
29 22 B A B
30 22 B B C
31 20 B B C
32 20 A A A
33 15 B A B
34 ib B A B
35 ib A A A
36 25 B B C
37 25 A B B
38 25 B A B
39 22 B B C
40 22 A B B
41 22 B A B
42 20 A A A
43 20 A B B
44 20 B A B
45 i5 A A A
46 HS B A B
47 ib B A B
48 25 B B C
49 25 B A B
50 25 B A B
51 22 B A B
b2 22 A A A
53 22 B A B
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[0031]

[TABLE 2-2]
Tabk 2-2
No.ofTabk 1 D xan%,e}_rt;ar of Roundness | Breakhg Stress |Synthesked evaliation
1 25 B B C
2 25 A B B
3 25 A B B
4 22 B B C
5 22 B B C
6 22 A B B
7 20 B B C
8 20 A A A
9 20 B A B
10 15 B B C
11 15 B A B
12 15 B B C
13 25 B B C
14 25 A B B
15 25 A B B
16 22 A B B
17 22 B A B
18 22 A B B
19 20 A B B
20 20 A B B
21 20 A B B
22 i5 B B C
23 15 B B C
24 15 A B B
25 25 B A B
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(0032)

[TABLE 3]

Tabk 3
Be [ca [La |ce [Bu Mg |si fea lsb [sn [Bi |y | otheraddiie

Noj Au [Gass |fass |Gass |mass |[Gass [Gass |Gass {6ass fass |hass [Gass {fass ek ents
poud ) [pped fepm)  pomd {epw) o fpond c{pom) fpomd  fpemd  |pped fppm) | @assppm)

1| Bal | 31} 27 {112] 96 i | Pr87 and Sm

3.6

ol Bat] 14| 3] 5| 10 3 Gd6

stBal| 14| 3| 5| 10 3 Al6

a|Bal| 6| 3| 3] 3 5 BO08

s Bal| 8 | 20] 6] 5 10 h 30

6| Bal | 10| 20 [ 20 | 10 0] 10 | P“Ol%”de

70 Bal | 20 ] 10| 10

8| Bal| 5 | 50 | 10

g Bal | 10) 10| 2

o Bat | 5 [ 10] 5| 2

11} Bal | 10| 30 | 15 | 30

12 Bal{ 15| 5 | 15 30

13 Bal | 5| 151 10 2

14| Bal | 10 | 20 | 20 30

15| Bal | 10| 5| 5 2

6] Bal| 5] 15 5 30

17 Bal| 5 { 25 | 10 2

18] Bal| 5 | 10| 20 30

19] Bal | 15 | 30 | 10 15 1o

20| Bal| 5| 5| 15] 15 30 | 30 | 30

o1 Bal | 10| 20 ] 10 10 50 | 50

22| Bal | 10 | 30 | 10| 10 30
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[0033]

[TARLE 4]
Tablk 4
No.ofExampk D fam eter of W 1e R Breakng Syntheszed
oundness .
com pared pam Stress evaliatbn
1 20 B C D
2 20 B C D
3 20 B C D
4 15 C C D
5 15 C B D
B 15 C B D
7 22 B C D
8 15 C A D
9 25 B C b
10 20 C C D
11 25 C A D
12 25 C C D
13 25 C B D
14 22 C B D
15 22 C C D
16 22 C C D
17 20 C B D
13 20 C B D
19 20 C B D
20 22 C C D
21 22 C B D
22 22 C A D
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