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GOLD ALLOY FOR USE IN SEMICONDUCTOR ELEMENT

The present invention relates to gold alloys for use in
semiconductor elements, in particular to gold alloys for use
in semiconductor elements advantageously used for bonding
gold wires improved in heat resistance used for connecting
mainly for example electrodes on said semiconductor elements

with external leads.

Fine gold wires have been used as bonding wires
connecting for example electrodes on silicon semiconductor
elements with external leads. It is the reason why such
the fine gold wires have been used in many cases that gold
balls have a true spherical shape, said gold balls formed
being suitable in hardness not so as to damage said silicon
semiconductor elements by a pressure during a splicing, a
sure connection being able to be achieved, and thus they
being remarkably high in reliability. And, many proposals
have been made as for such the bonding fine gold wires.

However, as to the practical uses of such many

proposals, problems have occurred in that the fine gold
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wires exhibit lower recrystallization temperatures and are
lacking in heat resistance, so that a tensile strength of a
portion immediately above the formed gold ball is
insufficient and thus the wire is broken or the spliced wire
is broken when sealed with resins even though the fine gold
Wwire is spliced without the breakage of the wire in the case
where a front end of the fine gold wire is molten to form
the gold ball, whereby conducting the splicing, in an
automatic bonder or a wire flow occurs to bring about a
short circuit in the case where the semiconductor element is
protected with sealing resins.

It has been well known that various kinds of bonding
fine gold wire improved in breaking strength and heat
resistance by adding a very small quantity of elements as
additives to high-purity gold to an extent of not spoiling
the gold ball formed during the connecting process in shape
and hardness have been proposed in order to solve the above
described problems.

It was found from the inventors' investigation whether
such various kinds of fine gold wire proposed can be
concretely put to practical use or not that they are all
unsuitable for the thin packaging devices, which have been
rapidly diffused in recent years, in splicing loop height

and thus insufficient.



It is an object of the present invention to provide
gold alloys for use in semiconductor elements capable of
remarkably reducing a splicing loop height and thus being
satisfactorily adopted as bonding wires of thin packaging
devices.

According to the present invention gold alloys are
provided containing yttrium, calcium, beryllium and lead in
the ratio of yttrium : calcium : beryllium : lead = 1 : 0.5
to 2.0 : 0.1 to 1.0 : 0.1 to 1.0, the minimum quantity of
yttrium being 5 ppm by weight, the total quantity of these
elements being 80 ppm or less by weight, and the rest being
inevitable impurities and gold.

According to a preferred embodiment of the
invention, the ratio of Y : Ca : Be : Pb is 1 : 0.7 to

1.5 : 0.2 to 0.6 : 0.1 to 0.5. The yttrium content is

preferably 10 to 30 ppm by weight and the total content of
Y, Ca, Be and Pb is preferably 20 to 60 ppm by weight.

'In the case where yttrium is added in a quantity of
5 ppm or less by weight, the heat resistance cannot be

improved and the wire flow occurs under an influence by



sealing resins and additionally the loop height is
fluctuated and thus the splicing cannot be stabilized, so
that the minimum quantity of yttrium was set at 5 ppm by
weight, preferably 10 to 30 ppm by weight.

In the case where a ratio of calcium to yttrium is less
than 0.5, a synergism of yttrium and beryllium is wanting,
the heat resistance being unstabilized, the loop height
being fluctuated, and the wire flow slightly occurring.

On the contrary, in the case where said ratio of calcium to
yttrium exceeds 2.0, an oxidized film is formed on a surface
of a ball, said ball being distorted in shape, calcium being
deposited on grain boundaries of gold crystals to generate
the brittleness, whereby hindering the wire-extending
process. Accordingly, the ratio of calcium to yttrium was
set at 0.5 to 2.0, preferably 0.7 to 1.5.

In the case where a ratio of beryllium to yttrium or
calcium is less than 0.1, the mechanical strength at the
normal temperature cannot be still more improved. On the
contrary, in the case where said ratio of beryllium to
yttrium or calcium exceeds 1.0, said oxidized film is formed
on said surface of the ball, the ball being distorted in
shape, beryllium being deposited on said grain boundaries of
said gold crystals to generate the brittleness, whereby
hindering the wire-extending process. Accordingly, the

ratio of beryllium to yttrium or calcium was set at 0.1

B




to 1.0, preferably 0.2 to 0.6.

In the case where a ratio of lead to yttrium, calcium
or beryllium is less than 0.1, no effect can be obtained.
On the contrary, the strengths at the normal temperature and
high temperatures are improved with an increase of said
ratio of lead to yttrium, calcium or beryllium but the ball
is distorted in shape and deteriorated in true sphericity in
the case where the ratio of lead to yttrium, calcium or
beryllium exceeds 1.0, so that the ratio of lead to yttrium,
calcium or beryllium was set at 0.1 to 1.0, preferably 0.1
to 0.5.

And, the total quantity of the elements is set at
80 ppm or less, preferably 20 to 60 ppm. In the case where
the total quantity of the elements exceeds 80 ppm, an
oxidized film of the elements added formed on the surface of
the ball has a bad effect on the shape of the ball
(generates cavities) not to give the ball the true spherical

shape.

The preferred embodiments of the present invention will
be below described.

Gold alloys comprising electrolytic gold having the
purity of 99.99 % by weight or more and chemical components

shown in Table 1 are molten in the high-frequency vacuum
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melting furnace to be cast and then the resulting ingot is
rolled followed by subjecting to the Wire-extending process
at the normal temperature to obtain a fine gold alloy wire
having the final wire diameter of 25z m followed by

annealing to adjust the nature so that the elongation may

amount to U %.

TABLE 1
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The obtained fine gold alloy wires were examined as to
the tensile strength at the normal temperature, the tensile
strength at the high temperature (after holding for
20 seconds at 250 °C ), the splicing loop height, the wire
flow during the molding and the shape of the ball. The

results are shown in Table 2.
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The splicing loop height is measured by splicing the
electrodes on the semiconductor element to the external
leads by the use of the high-speed automatic bonder
followed by observing the top height of the formed loop and
the electrode surface of the tip by means of the optical
microscope.

The wire flow was evaluated from the distortion value
(h/ £ x 100) by splicing the electrodes on the
semiconductor element to the external leads by means of the
high-speed automatic bonder and setting the assembly ;n the
the metal mold of the thin mold to pour the sealing resin
into the metal mold followed by observing the obtained

package by means of X-rays to measure the distortion of the
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bonding wire due to the sealing resin, that is the maximum
curved distance (h) from the straight splicing and the
splicing span ( ¢ ).

Mark O : the distortion value amounts to less than 3 A

(suitable for the thin package).

Mark A : the distortion value amounts to 3 to 10 %Z.

Mark X : the distortion value amounts to 11 % or more.

The shape of the ball was evaluated from three
standpoints, that is external appearance, true Sphericity
and cavities, by observing the gold alloy ball, which is
obtained by the electric torch discharge by the use of the
high-speed automatic bonder, by means of the scanning
electron microscope.

At first, the external appearance was evaluated from
the condition of the oxides generated on the surface of the
ball.

Mark O : the surface of the ball is smooth.

Mark A : the oxides are slightly confirmed on the

surface of the ball.

Mark X : the oxides are clearly confirmed on the

surface of the ball.

Next, the true Sphericity was evaluated from the

difference between the long diameter ( « m) and
the short diameter ( « m) of the ball having the

diameter (75 « m) about 3 times the diameter of
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the wire.

Mark O: 3 £ m or less

Mark A: 3 to 6z« m

Mark x : 6 ¢ m or more

At last, the cavities were evaluated from the
generating condition of the contracting holes at the bottom
portion of the ball.

Mark O : the contracting holes are not confirmed at

all.

Mark A : the contracting holes are slightly confirmed.

Mark x : the contracting holes are clearly confirmed.

As understood from the results shown in Table 2,
according to the preferred embodiments 4 to 10 of the
present invention, the ratio among yttrium, calcium,
beryllium and lead added, their total quantity and the
quantity of the inevitable impurities are ideal, so that the
heat resistance and the strengths at the normal temperature
and high temperatures are improved, the splicing loop height
being able to be reduced, also the influence of the wire
flow due to the sealing resin being negligible, and also the
shape of the ball being favorable, and thus the reliable
splicing can be achieved. In addition, according to the
preferred embodiment 1, the total quantity of the elements
added is slightly less than the preferable range and thus

the loop height is slightly higher than that according to
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the above described preferred embodiments 4 to 10 and the
distortion value amounted to 3 to 10 % but special
disadvantages did not occur in practical use. Moreover,
according to the preferred embodiments 2, 3 and 11, the
total quantity of the elements added slightly exceeds the
preferable range and thus the difference between the long
diameter and the short diameter amounted to 3 to 6z m and
the cavities were slightly confirmed but special
disadvantages did not occur in practical use. It is judged
from the above described results that special disadvantages
do not occur in practical use according to the preferred
embodiments 1 to 11 shown in Table 1. In particular,
according to the preferred embodiments 4 to 10, the desired
object of the present invention can be satisfactorily
achieved.

Contrary to the present invention, according to the
comparative example 1, the total quantity of the elements
added is 5.1 ppm, that is extremely little, and thus the
loop height was remarkably increased and the wire flow
occurred, Consequently, the fine gold alloy wire
according to the comparative example 1 could not be put to
practical use. Furthermore, according to the comparative
examples 2, 3, the total quantity of the elements added
exceeds the permissible limit, and, according to the

comparative example 3, also the ratio of lead to beryllium
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is greatly deviated from the permissible limit, So that the
shape of the ball is unfavorable. Consequently, the fine

gold alloy wires according to the comparative examples 2, 3
could not be put to practical use.

As above described, according to the present invention,
in the gold alloys containing yttrium, calcium, beryllium
and lead, they are contained in the ratio of yttrium :
calcium : beryllium : lead = 1 : 0.5 to 2.0 : 0.1 to 1.0
: 0.1 to 1.0, the minimum quantity of yttrium being 5 ppm by
weight, their total quantity being 80 ppm or less by weight, and
the rest being inevitable impurities and gold, and, in the gold
alloys containing yttrium, calcium, beryllium and lead, they
are contained in the ratio of yttrium : calcium :
beryllium : lead = 1 : 0.7 to 1.5 : 0.2 to 0.6 : 0.1 to 0.5,
yttrium being contained in a quantity of 10 to 30 ppm by
weight, their total quantity being 20 to 60 ppm by weight,
and the rest being inevitable impurities and gold, so that
the following superior effects can be taken.

That is to say, both the strength at the normal
temperature and the strengths at the high temperatures are
improved, the splicing loop height being able to be reduced,
the wire flow due to the sealing resin being able to prevent
from occurring, the high-speed automatic bonder being
sufficiently applicable, and also the ball being formed in

the true spherical shape, so that the fine wires made of the
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gold alloys according to the present invention can be
satisfactorily put to practical use with high reliability in
particular as the bonding wires of the thin packaging
devices and thus have the great merit in the industrial

applications.
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CLAIMS:

1. A gold alloy for use in semiconductor
components containing yttrium, calcium, beryllium and lead,
characterised in that these elements are contained in the
ratio of Y : Ca : Be : Pb =1 : 0.5 to 2.0 : 0.1 to 1.0 :
0.1 to 1.0, the minimum content of yttrium being 5 ppm by
weight, the total content of said elements being 80 ppm or
less by weight, and the balance being inevitable impurities
and gold.

2. A gold alloy according to claim 1 wherein the
ratio of Y : Ca : Be : Pbis 1 : 0.7 to 1.5 : 0.2 to 0.6 :
0.1 to 0.5.

3. A gold alloy according to claim 1 or claim 2
wherein the yttrium content is 10 to 30 ppm by weight.

4. A gold alloy according to any preceding claim
wherein the total content of said element is 20 to 60 ppm
by weight.

5. A gold alloy according to claim 1 substantially
as herein described with reference to any one of the

specific examples.



atents Act 1977 Application number

Examiner’s report to the Comptroller under Sectjon 17 GB 9405839.3

(The Search report) — é -

Relevant Technical Fields Search Examiner
R B LUCK

() UK Cl (Bd.M) C7A

(ii) Int CI (Ed.5) C22C 5/02 Date of completion of Search
22 APRIL 1994

Databases (see below) ‘Documents considered relevant
(i) UK Patent Office collections of GB, EP, WO and US patent following a search in respect of
specifications. Claims :-
1-5
(ii)
Categories of documents
X: Document indicating lack of novelty or of inventive step. P; Document published on or after the declared priority date
but before the filing date of the present application.
Y: Document indicating lack of inventive step if combined with
one or more other documents of the same category. E: Patent document published on or after, but with priority date
carlier than, the filing date of the present application.
A: Document indicating technological background and/or state
of the art. &: Member of the same patent family; correspondingdocument.
Category Identity of document and relevant passages Relevant to

claim(s)

NO RELEVANT DOCUMENTS FOUND

Databases:The UK Patent Office database comprises classified collections of GB. EP, WO and US patent specifications as outlined periodically in the Official Journal
(Patents). The on-line databases considered for search are also listed periodically in the Official Journal (Patents).

TI11 - 6174 Page 1 of 1



