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BACKGROUND OF THE | NVENTI ON 1. Field of the Invention Th ‘ﬂ
invention relates to a gold alloy wire for. wedge bondi ng and e of said
‘gofd alloy wire in wedge bonding. 10 1 2. Description of the

Rel ated Art A wire bonding nethod is known to connect electrodes of an IC
chip with outer termnals and the Iike through wres. The wi re bondi ng

met hod i ncl udes anong ot hers & bondi ng 15
and a ultrasonic bonding, cla ja wre to an

el ectrode of an IC chip. A typARBIUbE i C Eh NIty PN Si ng bondi ng
Is a nail head bondi ng net hod. The nai | head bondlng nethod Is illustrated
in Figs. 1A to 1D. 20 Referring to Fig. 1A, a wire 2 is
arranged through a capillary 1, a torch 3 faces a tip of the
5 BACKGROUND OF THE INVENTION '
1. Field of the Invention f

The present invention relates to a gold alloy
wire for wedge bonding and a use of said gold alloy wire
in wedge bonding.

10 2. Description of the Related Art

A wire bonding method is known to connect
electrodes of an IC chip with outer terminals and the
like through wires. The wire bonding method includes
among others a ultrasonic and thermal pressing bonding

15 - and a ultrasonic bonding, classified by the method of
bondlng a wire to an electrode of an IC chip.

A typical ultrasonic and thermal pressing
bonding is a nail head bonding method. The nail head
bonding method is illustrated in Figs. 1A to 1D.

20 Referring to Fig. 1A, a wire 2 is arranged
through a capillary 1, a torch 3 faces a tip of the
wire 2, and an electric discharge is generated between
the torch 3 and the wire 2 to heat and melt the tip of
the wire 2 to thus form a ball 4. |

25 Referring to Fig. 1B, the capillary 1 is
lowered and the ball 4 is pressed to an Al electrode 5 of
an IC chip 6. At this time, ultrasonic waves are applied
to the ball 4 through the capillary 1 and the IC chip 6
is heated by a heater block, so'that the ball 4 is

30 thermally pressed and bonded to the electrode 5 and
becomes a bonded ball 4°.

Referring to Fig. 1C, the capillary 1 is moved
through a certain route (wire 2') toward above. an outer
lead 8 and is then lowered to the outer lead 8. At this

35 time, ultrasonic waves are applied to the wire 2 through
the capillary 1 and the outer lead is heated by a heater
block, so that side.sections of the wire are thermally



wite 2, and an electric discharge is generated between the torch 3 and the
wre 2 to heat and nelt the tip of the wire 2 to thus forma ball 4. 25
Referring to Fig. 1B, the capillary 1 is |lowered and the ball 4 is pressed
to=an Al electrode 5 of an IC chip 6. Atpthis time, ultrasonic waves are
applied to the ball 4 through the capillary 1 and the IC chip 6 is heated
by a heater bl ock, so that the baII 4 is 30 thermal |y pressed and bonded

to the el ectrode 5 and(feco S d QQeq ballle Referring to Fig. 1C, the
capillary 1 is nEPIH r&% ai™h outeaﬂm re 2') toward above an
outer lead 8 and is then | maedmtng ttiee Fd@t.erlD,ead cdampen [i ds33 ifted ne,

ul'trasonic waves %Qﬁéx@;ﬁﬁ& é v)'i‘kxfee 2 stohrt@l‘éQh thize wage 12l 3y chirandnhe
outer lead is heate a heater hat side sections of the wire
are thernally thus the wire bondlng is flnlshed

5 On the other hand, a typlcal ultrasonic bonding
method is a wedge bonding method using a wedge bonding
tool.

Referring to Fig. 2A, a wire 12 is arranged
through a lower end of a wedge bonding tool 11 and an Al

10 electrode 15 of an IC chip 16 is moved below the wedge
bonding tool 11.

Referring to Fig. 2B, the wedge bonding tool 11
is then lowered and ultrasonic waves are applied at room
temperature, i.e. without heating, to the wedge bonding

15 tool 11 to the pressed wire 12, to bond the wire 12 to
the Al electrode 15 of the IC chip 16.

Referring to Fig. 2C, a clamper 12 releases the
wire and the wedge bonding tool 11 is moved through a
certain route (wire 12') toward above an outer lead 18

20 and then lowered onto the outer lead 18. At this time,
ultrasonic waves are again applied to the wire 12 at room
temperature through the wedge bonding tool 11, to bond
the wire 12 to the outer lead 18.

Referring to Fig. 2D, a clamper 17 is lifted

25 while clamping the wire 12 so that the wire 12 is cut,
and thus the wire bonding is finished.

The above nail head bonding method is preferred
since it is excellent in productivity, but it is used in
combination with a gold alloy wire since it involves heat

30 and it is not suitable for an aluminum alloy wire which
is easily oxidized when heated.

Further, as shown in Fig. 3A, the ball 4' has a
diameter L, three to four times larger than the
diameter D of the wire 2’, which prevents fine wiring.

35 The wedge bonding is used using an aluminum

alloy wire since it can be done at room temperature



préssed and bonded to the lead 8. Referring to Fig. 1D, a clanper 7 is
lifted while clanping the wire 2 so that the wire 2 is cut, and thus the
wire bonding is finished. 5 On the other hand, a typica
ultTasoni ¢ bonding nethod is a wedge borgli ng net hod usi ng a wedge bondi ng
tool. Referring to Fig. 2A, a wire 12 is arranged through a | ower end of a
wedge bonding tool 11 and an Al 10 el ectrode 15 of an IC chip 16 is

noved beIOM/the dln t 00 1. .Referrin 3,
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bondi ng tool 11 i War@eﬂ@aunaﬁoﬁm@WPNlPeF}E ) 3Boward above an
outer |ead 88 20 and then:de%a:r ,ednenige ldha1qekvik@ad sl&he Mosithis tine,

preferable material as a wiring material for providing
reliability against corrosion in a semiconductor device,
since the gold alloy wire is more excellent in resistance
against corrosion than other wire materials.

10 On the one hand, dense wiring is demanded in
recent semiconductor devices. To attain this, it is
required that the width of the bonded portion of the gold
alloy wire with an IC chip electrode is reduced (the
width here means the length in the difection

15 perpendicular to the length of the wire).

In this respect, reduction of the width or
diameter of the bonded ball has been attempted in nail
head bonding using a gold alloy wire, but it has a
certain limitation. "

20 The inventors, considering the above problems

' and demands, have tried wedge bonding to an IC chip
electrode using gold alloy wires which have been used or
proposed for nail head bonding. It was revealed that
although the width of the bonded portion of the wire may

25 be reduced in comparison with the nail head bonding, the
bond strength at the bonded portion of the wire at high
temperatures (hereinafter called as "high temperature
bond stfength“) which is necessary in practical
semiconductor devices during operation thereof, was low

30 and the reliability of semiconductor devices was lowered.

Therefore, the object of the present invention
is to provide a gold alloy wire, which can be used in
wedge bonding to IC chip electrodes to reduce the width
of the bonded portion of the wiring and is thus adapted

35 to high density wiring, and which has an improved high

temperature bond strength and thus allows an increased



ulTrasonic waves are again applied to the wire 12 at roomtenperature

t hrough the wedge bonding tool 11, to bond the wire 12 to the outer |ead
18. Referring to Fig. 2D, a clanper 17 is lifted 25 whil e clanping the
wife 12 so that the wire 12 is cut, and ghus the wire bonding is finished.
The above nail head bonding nethod is preferred since it is excellent in
productivity, but it is used in conbination with a gold alloy wire since it

i nvol ves heat 30 183 1i1t; r m num al l oy wire which
s eas Iy OXIdlZe;%&%ﬂTllltbsgﬁogeﬁgbbgghgtgg d@@lﬁgg Fig. 3A the ball 4

has a diameter L[err] ﬁWM@@RFbOFOGHEtFH¥§NW5p§er than the diameter D of the
wire 2', which prevent Thie peegenitn@nvdntors, after vigdkeu¥eddeec8eRghelohS
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5 a high purity gold and maintaining a predetermined gold

purity or further adding a predetermined amount of at
least one of Pd, Ag and Pt, and by reducing elongation
and improving tensile strength compared to those of
conventional nail head bonding gold alloy wires, the

10 resultant gold alloy wire can attain the above objects by
the synergistic effect of the above composition and of
the mechanical properties of the wire.

More specifically, the present invention broadly
provides a gold alloy wire for wedge bonding, comprising

15 1 to 100_parts per million by weight of calcium (Ca), the
remainder being gold (Au), said gold alloy wire having a
tensile strength of not less than 33.0 kg/mm2 and an
elongation of 1 to 3%.

In preferred embodiments, there are provided the

20 following two embodiments.

(1) The first -embodiment is a gold alloy wire for
wedge bonding comprising 1 to 100 parts per million by
weight of calcium (Ca), the remainder being gold (Au),
said gold alloy wire having a purity of gold of at least

25 99.9% by weight, said gold alloy wire having a tensile
strength of not less than 33.0 kg/mm and an elongatlon
of 1 to 3%.

This gold alloy wire may further comprise at
least one element selected from the group consisting of
30 magnesium (Mg), yttrium (Y), lanthanum (La), europium
(Eu), germanium (Ge), silver (Ag) and platinum (Pt) in an
amount of 1 to 100 parts per million by weight and/or Be
in an amount of 1 to 20 parts per million by weight.
(2) The second embodiment is a gold alloy wire for
35 wedge bonding consisting of 1 to 100 parts per million by
weight of calcium (Ca) and 0.2 to 5.0% by weight of at



alThough its productivity is not high. The wedge bondi ng however has an
advantage that the width L[err] of the deforned wire 14' can be only 1.5 to
2.5 times the dianmeter of the wire 12', as shown in Fig. 3B. 5

Hoiever, the gold alloy wire is the nostgpreferable material as a wiring
material for providing reliability against corrosion in a sem conductor
device, since the gold alloy wire is nore excellent in resistance agai nst

corrosion than othgrg .éﬁengigﬁéﬁtsseiéhted from t e.%é£u£2§ORQES@PH of

dense wiring is denanded I n_recent sentconductor devi attarn This,
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least one element selected from the group consisting of
magnesium (Mg), yttrium (Y), lanthanum (La), europium
(Eu), germanium (Ge) and beryllium (Be) in an amount of 1
10 to 100 parts per million by weight.

The gold alloy wire of the present invention is
used in wedge bonding and thus, in accordance with
another aspect of the present invention, there is also
provided use of the above gold alloy wire in wedge

15 bonding. '

The wedge bonding may comprise the steps of:
press bonding an end of said gold alloy wire to an
electrode of a semiconductor chip by a wedge bonding
tool, and press bonding another end of the gold alloy

20 wire to a lead or another electrode by a wedge bonding
tool; more specifically, the steps may comprise:
arranging a portion of a gold alloy wire under a wedge
bonding tool, pressing said portion of said gold alloy
wire to an electrode of a semiconductor chip by said

25 wedge bonding tool to bond said portion of said gold
alloy wire to said electrode, relatiﬁely moving said
wedge bonding tool with said gold alloy wire through a
position above said electrode of said semiconductor chip
toward a position above a lead or another electrode, to

30 form the gold alloy wire in a certain shape from said
electrode to said lead or another electrode, another
portion of said gold alloy wire existing under said wedge
bonding tool, and pressing said another portion of said
gold alloy wire to said lead or another electrode by said

35 wedge bonding tool to bond said another portion of said
gold alloy wire to said lead or another electrode.



and- demands, have tried wedge bonding to an I C chip el ectrode using gold
all oy wires which have been used or proposed for nail head bonding. It was
reveal ed that although the width of the bonded portion of the wire may 25
be*reduced in conparison with the nail hgad bonding, the bond strength at
t he bonded portion of the wire at high tenperatures (hereinafter called as
"hi gh tenperature bond strength") which is necessary in practical
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increased 54 outer leads or other electrodes by wedge bonding.

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1A to 1D illustrate a typical process of the
nail head bonding;

Figs. 2A to 2D illustrate a typical process of the

10 wedge bonding; and

Figs. 3A and 3B show the relationship between the
width of the bonded portion of the wire and the method of
bonding.

DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE

15 INVENTION -

In accordance with the present invention, a
predetermined amount of Ca is added to a high purity
gold, and the elongation is reduced and the tensile
strength is increased. Further, the gold purity of the

20 wire is kept to be not less than 99.9% (first embodiment)
or a predetermined amount of at least one of Pd, Ag and
Pt is further added (second embodiment).

In the present invention, the high temperature bond

strength is improved by the synergistic effect of the

25 above composition of the .predetermined amount of Ca and
the certain gold purity or the predetermined amount of at
least one of Pd, Ag and Pt as well as the above
mechanical properties.

The starting high purity gold used in the present

30 invention should preferably be a gold purified to have a
purity of at least 99.99% by weight, preferably at least
99.995% by weight, more preferably at least 99.999% by
weight.

If the content of Ca is less than 1 ppm by weight,

35 the high temperature bond strength is lowered in
comparison with the case of not less than 1 ppm by weight
of Ca. If the content of Ca is more than 100 ppm by



rettability of sem conductor devices. SUMMARY CF THE | NVENTI ON The present
I nventors, after vigorous investigation, have found that by adding a
predet ermi ned amount of Ca to 5 a high purity gold and naintaining a
predeterm ned gold purity or further addiygng a predeterm ned amount of at

| east one of Pd, Ag and Pt, and by reducing el ongation and i nproving
tensile strength conpared to those of conventional nail head bondi ng gol d

alloy wires, the 10. resul qol d_allo i re.ca tain ¢ 0
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gold (Au), said %F%‘?%%/' vﬁ%ee AFeRG 2F SRsis) R & 53599 ofs 1t ren
33. 0 kg/ mR5and ax0®lmpryaty oveigfht], tpreX¥rabilypriefter 56d pprbdgi wedight ,t here

are provided the g{ye, tﬂéﬂédﬁﬁfgldggoo%nQﬂgig&%%%termined elongation and

tensile strength, together with the predetermined gold
purity or the predetermihed content of at least one of
Pd, Ag and Pt.
10 In the first embodiment of the present invention, a
predetermined amount of Ca and the gold purity is kept to
a predetermined level, and the elongation is reduced ‘and
the tensile strength is increased.
In this embodiment, the high temperature bond
15  strength is improved by the synergistic effect of setting
the elongation and tensile strength to predetermined
ranges as well as of adding the predetermined amount of
Ca and keeping the predetermined gold purity of the wire.
It is, of course, possible in the first embodiment
20 that the gold alloy wire has a composition consisting of
the predetermined amount of Ca, the remainder being only
gold and inevitable impuriﬁies.
Here, when 1 to 2% by weight of Cu, for example, is
added to the wire while the predetermined amount of Ca is
25 added and the predetermined elongation and tensile
. strength are established, the high temperature bond
strength is lowered and, if it tries to give a high bond
strength, cracks appear in a chip bonded with the wire.
To avoid this type of problem, the gold purity of the
30 _ wire is set to be not less than 99.9%. Of course, it is
preferably not less than 99.97%, more preferably not less
than 99.979%.
This can be easily attained by using high purity
gold starting material and additives. The used additives
35 may have a purity of not less than 99.999% by weight,
more preferably not less than 99.999% by weight. Thus,
the total impurity concentration of the wire can be



(- The first enbodinent is a gold alloy wire for wedge bondi ng conpri sing
1 to 100 parts per mllion by weight of calcium (Ca), the rehai nder being
gold (Au), said gold alloy wire having a purity of gold of at |east 25

99 9% by weight, said gold alloy wire haging a tensile strength of not |ess
than 33.0 kg/mierr] and an elongation of 1 to 3% This gold alloy wire may
further conprise at | east one elenent selected fromthe group consisting of

30 magnesi um ( t G UM nt hapu eur opj .n0 ni um
(Ge), silver (Agy Saycl b Tkey)endh Io0 htepleably PELLE LI, o Eifﬁ
m | lion by wei ght "axg/ 8referahlunles®ubhanio 102b% 2onpst tprepteraply | eswy
wei ght. (2) The.seﬁgﬂdoeobgdLnenp is a gold alloy wire for 35 wedge
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5 more specifically of the first embodiment thereof, may be

also obtained even if any additives other than Ca are

further added, as long as the gold purity of the wire is

kept to be not less than 99.9% while the predetermined

amount of Ca is added and the wire has the predetermined
10 elongation and tensile strength.

Particularly, when at least one of Mg, Y, La, Eu,
Ge, Ag and Pt in an amount of 1 to 100 ppm by weight
and/or Be in an amount of 1 to 20 ppm by weight, in
addition to 1 to 100 ppm by weight of Ca, are added, the

15 high temperature bond strength is further improved.

If the predetermined amount of at least one of Mg,
Y, La, Eu, Ge, Ag and Pt is added but the predetermined
amount of Ca is not added, the high temperature bond
strength is lowered even if the predetermined purity 6%

20 the gold is maintained and the predetermined elongation
and tensile strength are established.

In the second embodiment of the present invention, a
predetermined amount of Ca and a predetermined amount of
at least one of Pd, Ag and Pt are added to a high purity

25 gold, and the elongation is reduced and the tensile
strength is increased. -

In this embodiment, the high temperature bond
strength is improved by the synergistic effect of setting
the elongation and tensile strength to predetermined

30 ranges as well as of adding the predetermined amount of
Ca and the predetermined amount of at least one of Pd, Ag
and Pt. '

If the content of at least one of Pd, Ag and Pt is
less than 0.2% by weight, the high temperature bond
35 strength is lowered in comparison with the case of not
less than 0.2% by weight of at least one of Pd, Ag and Pt
added. If the content of at least one of Pd, Ag and Pt



| €ast one el enent selected fromthe group consisting of paradium (Pd),
silver (Ag) and platinum (Pt), the remai nder being gold (Au) and inevitable
impurities, said gold alloy wire having a tensile strength of not less 5
thah 33.0 kg/nmm®2 and an el ongation of 1 tgo 3% This gold alloy wire may
further conprises at |east one elenment selected fromthe group consisting
of magnesium (My), yttrium (YY), Ianthanunl(La), eur opi um (Eu), gernanium

(Ge) and berylliugkfﬁg&é AR %Pﬁ%“kr belgh?, an! 2c18RiBhb5 Fﬁvﬁeéﬁgc by

wei ght. The gold W re of
bondi ng and t hus, an@.aﬁﬁbmdaweatwsuhhaquahhs,aspeutfotlehe bordéng may be
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15 bondlng The wedge bondi ng e step ess
an end of said gol@waHesy wFP@r?5°§ﬁreFB§tF66§eBF @fséﬁlééﬂéﬁc?be @ﬁlbdby a

wedge bonding toolag amd presaobeadbagianat Behgendsod . theogsl ols aby Ove 24nt,
wire to a lead 0rp§%&%&%&l§l?Cbrgge3b¥%ab¥69 gggnd ger the conditions of
the predetermined elongation and tensile strength.
If the predetermined amount of at least one of Pd,
Ag and Pt is added but the predetermined amount of Ca is

10 not added, the high temperature bond strength is lowered
even if the predetermined elongation and tensile strength
are established.

It is of course possible in the second embodiment
that the gold alloy wire has a composition consisting of

15 the predetermined amount of Ca and the predetermined
amount of at least one of Pd, Ag and Pt, the remainder
being 6nly gold and inevitable impurities.

However, the above effect may be also obtained and
even further improved when at least one of Mg, Y, La, Eu,

20 Ge and Be in an amount of 1 to 100 ppm by weight is
further added, as long as the predetermined amount of Ca
and the predetermined amount of at least one of Pd, Ag
and Pt are added and the wire has the predetermined
elongation and tensile strength.

25 Here, it is preferable in the second embodiment that
the total impurity concentration of the wire is
controlled in the same manner as in the first embodiment
except that 0.2 to 5.0% by weight of the gold is replaced
with at least one of Pd, Ag and Pt. The total impurity

30 concentration of the wire is preferably less than
100 ppm, more preferably less than 20 ppm, by controlling
the purities of the starting materials (not less than
99.99%, more preferably not less than 99.999%).

In the present invention including the first and

35 second embodiments, the high temperature bond strength is
improved by the synergistic effect of setting the
elongation and tensile strength to predetermined ranges



toot; nore specifically, the steps may conprise: arranging a portion.of a
gold alloy wire under a wedge bonding tool, pressing said portion of said
gold alloy wire to an el ectrode of a sem conductor chip by said 25 wedge
bondi ng tool to bond said portion of sai{hgold alloy wire to said

el ectrode, relatively noving said wedge bonding tool with said gold alloy
wire through a position above said el ectrode of said sem conductor chip
toward a position abovi a lea anot her el ectrode, to 30 qj{mthe ol d

alloy wire in a c8ft¥phlsASpR f?‘?ﬁn’r%%l R IRF& T ined; Aty
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bond sai d anot herPpertion of said gold alloy wire to said Iead or another

electrode. 5 6 1f the elongation is more than 3%, the high
temperature bond strength is lowered even if the
predetermined amount of Ca is added and the predetermined
gold purity is kept or the pfedetermined amount of at
least one of Pd, Ag and Pt is also added as well as the

10 tensile strength is set within a predetermined range. 1If
the elongation is less than 1%, a desired improvement of
the high temperature bond strength is not attained.

Thus, the elongation is set to a range of 1 to 3%, with
the preferred range being 2 to 3%.

15 Here, the elongation (%) is measured at room
temperature using a tensile test device in which a gold
alloy wire is clamped with a span of 100 mm and is drawn
at a rate of 10 mm/min. The amount of the elongation
(length) at rupture is determined and the elorigation (%)

20 is calculated by the following formula:
Amount of elongation at rupture (mm)
Elongation (Z) = - x 100
: 100 (mm) )

The amount of elongation (length) is preferably
25 determined using the elongation vs applied load curve of
the chart obtained in the above measurement.

If the tensile strength is less than 33.0 kg/mm’,
the high temperature bond strength is lowered in
comparison with the case of not less than 33.0 kg/mmz,

30 even if the predetermined amount of Ca is added, and the
predetermined gold purity is kept or the predetermined
amount of -at least one of Pd, Ag and Pt is added, as well
as the elongation is set within a predetermined range.
Thus, the tensile strength is set to a range of not less

35 than 33.0 kg/mm’, preferably 33.0 to 70.0 kg/mm’, more
preferably 33.0 to 63.0 kg/mmz, most preferably 39.1 to
63.0 kg/mm’.



Thefefore, there is also provided a sem conductor device in which

el ectrodes of a sem conductor chip and outer |eads or other electrodes are
connected through gold wires which are bonded to the el ectrodes and to the
5 outer leads or other electrodes by jyedge bondi ng. BRI EF DESCRI PTI'ON OF
THE DRAWNGS Figs. 1A to 1D illustrate a typical process of the nail head
bonding; Figs. 2Ato 2D illustrate a typical process of the 10 wedge

bondi ng; and Figs. 3A w.the relationship be en . the width_of the
bonded portion of the %ﬂgeﬁgﬁggghggﬁEPﬁ%Ba5+"%oﬂﬁ$n%9£%E%£#?¥ﬂthFC$£T¥$?
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gold, and the elongation 1S reduce the tensile str¢ 'S T ncreased.
Further, the gol d2BarnE¢sdf ofhanoplemenf () i sikdpeled bin ndt vaewem t han

99. 9% (firsts enbodufRate, and is cast to obtain an ingot. The ingot is
subjected to cold working, using a grooved roll and a
wire drawing machine, and intermediate annealing, to
obtain a raw wire; then a final cold working to obtain a
fine wire having a diameter of 10 to 100 um; and then

10 final annealing.

In the case of the alloy composition of the present
invention, there is a region of temperature where as the
temperature of the final annealing is elevated, the
tensile strength is gradually lowered while the

15 elongation is constant in a range of 1 to 3%. Further,
the tensile strength of the wire may be varied depending
on the degree of the final cold working. Therefore, the
elongation and tensile strength can be adjusted by
controlling the degree of the final cold working and the

20 temperature of the final annealing.

Thus, the final annealing is conducted in a
temperature range where the elongation is maintained- to
be 1 to 3% and the tensile strength is made to be not
less than 33.0 kg/mm’, preferably 33.0 to 70.0 kg/mm’.

25 If the temperature of the annealing is further elevated,
the elongation becomes more than 3% and the tensile
strength falls.

Gold alloy wires which have been used for nail head
bonding have an elongation of 4% or more. In contrast,

30 in the present invention, in order to obtain a
predetermined tensile strength and an elongation of 1 to
3%, the degree of the final cold working is adjusted and
the temperature for the final annealing is also lowered
while considering the alloy composition.

35 The reasons why the high temperature bond strength
is excellent when the gold alloy wire of the present



ot ‘a predeterm ned anount of at |east one of Pd, Ag and Pt is further added
(second enbodinent). In the present invention, the high tenperature bond
strength is inproved by the synergistic effect of the 25 above
cenposition of the predeterm ned amount 49f Ca and the certain gold purity
or the predeterm ned anount of at |east one of Pd, Ag and Pt as well as the
above nechani cal properties. The starting high purity gold used in the

resent 30 i nv L on.: sho | f1 t ;
DurrEy. of at 1 caciRRBLFoH LA Bl s B PYhaiadd ot @y M ey
nore preferably a®r¢el@t ObamoyHawawamhtit is qansisiarad fdfa@aadclglqzeys
than 1 ppm by weightgaSthe #éfulutdHy MU W Bt i T@NHH ddd 1 tOWH fF

in conparison with tge case of pot.less th 1lp by wei ght of . If the
content of Ca is fbr e??l‘énorl%d"’%pgﬂ'b?\g and bt, fnd PreVention o
5 unnecessary deformation of the material during the wedge

bonding with ultrasonic waves due to the small elongation
and the large tensile strength, make the formed Au-Al
intermetallic compound thermally stable.

The gold alloy wire of the present invention is

10 suitable for wedge bonding. Wedge bonding means bonding
wiring between an Al electrode of an IC chip and an outer
lead or another electrode, in which bonding of the wire
to the electrode and to a lead or another electrode is
conducted by press-bonding side sections of the wire to

15 the outer lead or another electrode by means of a wedge
bonding tool without forming a ball in the first and
second bondings. Optionally, ultrasonic waves are
applied to the bonding portion of the wire through the
wedge bonding tool.

20 EXAMPLES

(Example 1)

To a high purity gold having a purity of 99.999% by
weight, a predetermined amount of Ca was added.and'the
mixture was melted in a vacuum furnace to cast a gold

25 ingot having the composition as shown in Table 1, i.e., a
purity of gold of 99.988% by weight or more with 1 ppm by
weight of Ca. The gold ingot was subjected to cold
working using grooved rollers and a wire-drawer, and then
to intermediate annealing to obtain a wire having a

30 diameter of 25 um. This wire was then subjected to a
final annealing to obtain a gold alloy wire having a
tensile strength of 40.8 kg/mmz and an elongation of 2 to
3%.

Using a wedge bonding apparatus (Shikawa

35 SWB-FA-US30), this gold alloy wire was bonded onto Al
electrodes of IC chips and onto outer leads by the method



7=weight, an IC chip may have cracks and, to prevent such cracks, _

I nsuf ficient bonding nay be conducted so that the high tenperature bond
strength is again | owered. Therefore, the content of Ca should be in a
range of 1 to 5 100 ppm by weight, prgferably 1 to 50 ppm by wei ght,
under the conditions of the predeterm ned el ongation and tensile strength,
together with the predetermned gold purity or the predeterm ned content of

at | east one of P d; . In the first_e di of . t he
present inventi on%Js agg?‘g'ge%gfr‘ﬁ#e)d %Ar‘rptuontzodf veatr}én“&ttrﬂaes%r{(;}r)cg “b%‘%gt ybélls'%?ept
to a predeterni ne?PPied; hee t¢rendloips iafh bandiown ooy wml ide tahsthe IC

strength is increqsged. weretiis egshidmiy 1dde M@ Qj@q{&}{dﬁqm Jeha
strength is inproye 4$¥0 qg %¥ner istic effect of setting the el ongation
and tensile strength'to %r WA Hi T'anges as wel|l as of adding the

predet ermi néd anount JFfheCatltarsl deopimegyl tten waegdies Wered kgtd ipurdr Yovadn t he
wire. It is, of COUr$HEsoPOESE blgH IHbde T iphRt é%ﬂﬂ%ﬁé“wgre removed from
the oven and the wires were cut at an outer lead side
thereof to determine the high temperature bond strength
of the IC chip side. That is, the IC ship was fixed by a
10 jig and the wire was lifted and the load at rupture was
' determined. The value of the high temperature bond
strength as shown in Table 1 is an average of the
measured values of ten samples.
(Examples 2 to 71 and Comparative Examples 1 to 11)
15 Example 1 was repeated but the compositions of the
gold and gold alloy wire, the elongation and the tensile
strength were changed as shown in Tables 1 to 4. The .
high temperature bond strengths measured for the obtained
wires are shown in Tables 1 to 5.



20: that the gold alloy wire has a conposition consisting of the
predeterm ned anmount of Ca, the renainder being only gold and inevitable
impurities. Here, when 1 to 2% by weight of Cu, for exanple, is added to
t.the wire while the predeterm ned anount14f Ca is 25 added and t he
predeterm ned el ongation and tensile strength are established, the high
tenperature bond strength is lowered and, if it tries to give a high bond

strength, cracks appear in a chip bonded with the wire To He
of problem tfhe|gol d &urity of the| 30 wire ils set to be fot |ess than
99.9% O cqurgey .it|is preferablly not Iess tHan 99.97% mpre preferably
not | ess than.§94929@6 This can be| easily attaijned by using|high purity
gol d startingd #ateEiql sand agddt rves. “The used (additives 35| Mmy: have 4
purity of not %es‘%;t‘haﬁ‘ 99. 999% By| Weight, “horq or&f efalfl y" not Tess Thah
99. 999% by wejight. sThds, the total|inpurity concentration off the wire cap
be 28
=4
=18
:n: T o T TR - T T I TR TR o TR R o T B TR B B B I B B B¢ I T
Sl =
mw:lllltlllul [ I N | [ I I N |
:g NN N N NN N N N NN N NN NN N N NN
']
o la
[}
9 £ o~
oW~ ~
5:‘_“,2“%“’"!": T |m @ N EHN N A S A
Slunad=lco & 4 & ol & 0 & ©oln @ @ @ |l <« o © ©
¢ lgued M - m o m T = |l e o
|0 oM
Ele o~
() ()] =)} (] [+)] [} (=]
QQ\TG\NK\QG’!\?NG‘!QF\#I\F\QNF\Q
S 222 283|aggsggglagagajaada
< "..ll.ll..l.l!.ll..
! g 2232 22|22223|lagagaafsgssad
o AL A AL AR AR AR An Al A Aul A A An Au Al A A A Ag Ag
K
& = L T T T O T T R R | [ T D B T N
a': I N N D T A Y T T B I T S S T R T D
g éallllllllll [ I Y S R | [ IR SR R R |
]
)
ol
2 g S T T T T N T TR T SR S T TR SR | P T S R |
O | ™~
| E
SARAF . 8 8
Uum I T T T T T T S N | T T T T T B | ot
‘3' - Qo <
‘! [ D D e I S D R R R ) [ I B A | i © v
- -t
-~ | © © O
o [ 2 S D S I R I | 1 © v v [ I A R R |
-
§.|||Hggg|‘°" (U T TN I TN AT SN N R R |
—~ pt
gl 2 8 8 23|22 ~"8 3|23 ~28 3|3 S 22 32
=] -4 ~
g (T T e~ e e gind I NA58AaR
« . . *);
% dd 48 S8 448 S| dddaldddda




8 reduced to less than 0.1% preferably I ess than 0.03% nore preferably

| ess than 0.021% nost preferably |ess than 0. 005% However, the above
effect of the present invention, 5 nore specifically of the first
erbodi ment thereof, nay be al so obtai nedygven if any additives other than
Ca are further added, as long as the gold purity of the wire is kept to be
not |less than 99.9% whil e the predeterm ned anbunt of Ca is added and the

wire has the predeternmined 10 el ongation and tensile strength.
Particul arly, fwhem at |east one of My, Y, La, Ef, Ge, Ag and|Pt in an
amount of 1 t¢ JpP@ ppnl by weight anqd/or Be in af anount of 1{to 20 ppm by
wei ght, in addid|dmetol 1 to 100 ppm by weight of Ca, are addgd, the 15
hi gh tenperat yre Bodi¢; ber engeh 4 safjug t bere i aproyed.« | & the [ aded esnised
amount of at Iqﬁsﬁ oiTel 3f “MgY¥ ¥ 4,7 Ed, <Cey Ag|andsPtr is adped but thean
predet erm ned|g@puny of Ca is not gdded, the high tenperaturg bond
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strength is |lowered even if the predeterm ned purity of 20 the gold is
mai nt ai ned and the predeterm ned elongation and tensile strength are
established. In the second enbodi nent of the present invention, a
predet erm ned ambunt of Ca and a predetefgined anount of at |east one of

Pd, Ag and Pt are added to a high purity 25 gold, and the elongation is
reduced and the tensile strength is increased. In this enbodi nent, the high

tenperat ure bgohd-sttrenagth i.s J'I'YTW'OVF‘d by the svneraqistic effect of setti ng
the el ongatiorl ang tenpile strength to predeterfined 30 ranges as wel |
as of addi ng tlhe{@redef erm ned anoynt of Ca and|the predeterm ned anount Jof
at | east one cfg 3g,§Ag and Pt. If tlhe content of at |east one¢ of Pd, Ag gnd
Pt is less tham )§-2§/o§by°:V\E1 gft 2 t kg i gh 4 eqaper arure bond 35| &« Shresnghkh
is lowered in|cppgayisph Wi tR the dasevof* not ¢ ¢ss tham ©. 294 by weighé &f
at |least one ¢f2 Dga,-gAg and Pt added. If the confent of at |ehst one of Pd,
Ag and Pt =3 :
o
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Q ks nore than 5.0% by weight, an IC chip nmay have cracks and, to prevent
such cracks, insufficient bonding nay be done so that the high tenperature
bond strength is again |owered. Therefore, the content of at |east one of
Rd; 5 Ag and Pt should be in a rangeqgf 0.2 to 5.0% by weight,
preferably 1.0 to 3.0% by wei ght, under the conditions of the predeterm ned
el ongation and tensile strength. If the predeterm ned anbunt of at | east

one of Pd, Ag and S ed but the predetermned amount of Ca is 10
not added, the high tqyperdture bond striength is I qwered even if the
predeterm ned el orjgatlion, arfd tensile strength are gstablished. It is of
course possible in_§rqg§pccnd enbodi nentj that the dold alloy wire has a
conposition consi t¥A® G ~151 « tde opredeserari med-gnount of Ca and the
predet erm ned amoyn® | Ha¥ |l-east ene» ok [Rd, Agwand [Pt, the remai nder being
only gold and inevifqbl € inpurities.
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However, the above effect may be al so obtained and even further inproved
when at | east one of My, Y, La, Eu, 20 Ge and Be in an anmount of 1 to
100 ppm by weight is further added, as |long as the predeterm ned anount of
Ga’and the predeterm ned anount of at | gﬁt one of Pd, Ag and Pt are added
and the wire has the predeterm ned elonj tion and tensile strength. 25
Here, it is preferable in the second enbodi nent that the total inpurity
concentration of the wire is controlled in the same manner as in the first

enbodi ment except {Maf 0.2 [0 5. 0% Dy wWelfght_of tne goradlis replaced with
at least one of Pd| Apgand Pt. The total [inpurity 30 oncentration of
the wire is preferald ygl®ss|than 100 ppm| nore preferably | ess than 20 ppm
by control ling the|pufbt&es| gf the siarfing gaterialg (P9t less than
99.99% nore prefe ébg?ﬁl(ﬂ Less thag 9 09% .1 Qg the present invention
including the firs{sahd 35 second enbodi nents, the high tenperature bond
strength is inprov;§ by, ¢ hef synergistic ¢ffect of setting the elongation
and tensile streng{h g $refdeterm ned rapges
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10 as well as of adding the predeterm ned anmount of Ca and keeping the
predeterm ned gold purity or adding further the predeterm ned anount of at
| east one of Pd, Ag and Pt. 5 If the elongation is nore than 3%

t he” hi gh tenperature bond strength is | oygred even if the predeterm ned
anmount of Ca is added-and the predeterm ned gold purity is kept or the
predeterm ned anount of at | east one of Pd, Ag and Pt is al so added as wel |

as the 10 tensile St%%®§E§e5§t§8L g&tHgguftgr§93F§%ﬂéﬂﬁgg%a?ge71 L dthe

el ongation is |ess thaA / esired I nprovenen enperature
bond strength is FOMPRTR&ILNEIExXFMRsest het@l bAYation is set to a range of 1

cFamgit (591 U/ ppet ! T0taHBbRGe Ly, So 0l i 1 ol pbiey
in mﬁich a gol d wggg% o% %a on?y wagpadgeg to a Hggg purity gofé, ang
5 the resultant gold alloy wire had a gold purity of more
than 99.9% by weight, an elongation of 2 to 3% and an
tensile strength of 39.3 to 41.4 kg/mm?, the high
temperature bond strengths of the wires were excellent at
3.0 to 3.3q.

10 Among them, addition of 1 to 50 ppm by weight
of Ca is preferred since the high temperature bond
strengths of the wires are 3.2 to 3.3g.

(2) In Examples 5 to 55 in which 1 to 100 ppm by
weight of éa as well as 1 to 100 ppm by weight of at

15 least one of Mg, Y, La, Eu, Ge, Ag, Pt and Be were added
to a high purity gold, and the resultant gold alloy wire
had a gold purity of more than 99.9% by weight, an
elongation of 1 to 3% and an tensile strength of 39.3 to
41.6 kg/mmz, the high temperature bond strengths of the

20 wires were 4.2 to 5.1g, which were more excellent than
when only Ca was added.

(3) In Examples 56 to 71 in which the composition
and the elongation are the same as those of Examples 2,
11, 22, 26, 36, 42, 43 and 45 and the tensile strength

25 thereof was 33.0 to 60.0 kg/mmz, the high temperature
bond strengths of the wires were excellent at 3.2 to
5.1qg.

(4) The most excellent high temperature bond
strength of the wire among Examples, 4.2 to S5.lg, was

30 obtained when at least one of Mg, Y, La, Eu, Ge, Ag, Pt.
and Be in addition to Ca were added and the wire had an
elongation of 1 to 3% and a tensile strength of 39.1 to

63.0 kg/mm’.
(5) In Comparative Example 1 where both Ca and at
35 least one of Mg, Y, La, Eu, Ge, Ag, Pt and Be were not

added, the high temperature bond strength of the wire was



akloy wire is clanped with a span of 100 nmand is drawn at a rate of 10
mm m n. The anmount of the elongation (length) at rupture is determ ned and
the, el ongation (% 20 is calculated by the follow ng formula: Amount of

el'ongation at rupture (nm Elongation (20 =

x 100 100 (mm The anount of elongation (length) is preferably 25

determ ned using the elongation vs applied |oad curve of the chart obtained
in the above neasyggngpte. & the tensile strength is less than 33.0 kg/ m2,
the high tenperature bond sirength is |owered in conparison with the case
of not less than 33.0 kB) mbPn Gemparatisre iFxamples ccteriivheraumasinaa

i s added, and theconesdehed NAMEd @b Y ideidse kKePtMPlod N W LSRN MR,
anount of at |easf, one.of Pd._Ag and Pt is added, as wel|l as the elagngation
is set within a p%ré%leﬁ’eﬁ%r‘n %%I%P?’g%tg‘b'?e 'ﬁﬂféds THEAEHS 9% e aidish Was Jav &F a
range of not |ess23% to 2h&g. 33.0 kg/ mierr], preferably 33.0 to 70.0
kg/mierr], more prefefapl yidTdhgf £330 @éa{HBZl’e PSindUEL Y %n}/ b%/g'w]ej:[g%t
of Ca was added and the predetermined elongation and
tensile strength were established but 2.0% by weight of
Cu was contained, the high temperature bond strength of

10 the wire was low at 0.5qg.

(8) In Comparative Example 5 where 200 ppm by
weight of Ca was contained, the high temperature bond
strength of the wire was low, 1.2g. _

(9) 1In Comparative Examples 6 to 8 where a

15 predetermined amount of Ca or a predetermined amount of
Ca together with a predetermined amount of Mg, Ge or Ag,
were contained and the wire had a predetermined gold
purity and a predetermined elongation but tensile
strength thereof was less than 33.4 kg/mmz, the high

20 -temperature bond strength of the wire was low at 2.5 to
2.8g.

(10) In Comparative Examples 9 to 11 where a
predetermined amount of Ca or a predetermined amount of
Ca together with a predetermined amount of Mg, Ge or Ag,

25 were contained and the wire had a predetermined gold
purity but the elongation thereof was beyond 3%, the high
temperature bond strength of the wire was low at 2.2 to
2.4qg.

(Example 101)

30 Example 1 was repeated, except that not only 1 ppm
by weight of Ca but also 1.0% by weight of Pd were added
to the starting high purity gold with a 99.999% purity
and the wire obtained after the final annealing had a
tensile strength of 39.8 kg/mmZ and an elongation of 2 to

35 3%. The composition and the mechanical properties of the
obtained gold alloy wire are shown in Table 6.



63.0 kg/ m2. The nethod for preparing the gold alloy wire of the present
invention is described below. A high purity gold is added with a
predeterm ned amount(s) of an elenment(s), is nelted in a vacuum5

farnace, and is cast to obtain an ingot 54 The ingot is subjected to cold
wor ki ng, using a grooved roll and a wire drawi ng machi ne, and internedi ate
annealing, to obtain a raw wire; then a final cold working to obtain a fine
wire having a dianeter_of 10 to 100 [err]m, and then f.inal,
annealing. In the case ®f FH& atrefr?ﬂf%otr’rb‘]c?sitﬁ sbtfrefr}étqbr%fsetrﬂe i"Eht%5h,
there is a regi omedseeedeimthe sdwer mamerhad enpBxanple df arik ifs redlown
annealing is elevgtef,ihegtensile strength is gradually |owered while the

15 el ongation I's constant_ in a range of 1 to 3% Further, the tensile
strength of the wire ntBx¥ePlag iR depdii® wd Comparative Examples 101 to
5 126) _

Example 101 was repeated but the compositions of the
gold and gold alloy wire, the elongation and the tensile
strength were changed as shown in Tables 5 to 9. The
high temperature bond strength measured for the obtained

10 wire are shown in Tables 6 to 10. |



Qn-the degree of the final cold working. Therefore, the el ongation and
tensile strength can be adjusted by controlling the degree of the final
cold working and the 20 tenperature of the final annealing. Thus, the
fi mal annealing is conducted in a tenpep@ture range where the elongation is
maintained to be 1 to 3% and the tensile strength is nade to be not |ess

than 33.0 kg/mm preferably 33.0 to 70.0 kg/ m2. 25 If the tenperature
of the anneal j-hgriLs—+urt-her—el-evat-ad—t-he—el-oRgati-on—becones—Hore—hRar—340
and the tensille Bgrength falls. Gold alloy wirep which have fpeen used for
nai | head bongﬁn wsHavg an el ongati ¢n of 4% or Hore. I n contrjast, 30 iln
the present inZehkidn,|4na.orgder, tofobtaip a, PLefat &f moned Lensi ke st rength
and an el onga{iSoh&af *U £043% the; flagreesofst kel &i nal scal dawoskishgsi & <
adj usted and Iﬁb fenpgrature for the final annepling is alsg | owered whilie
consi dering th& pgl®Hy |conposition. |35 The reasons y the high
t enperature bpnd| Bt& ength is excel lent when thef gold alloy wWire of the
pr esent S8
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12-invention is wedge bonded to an el ectrode of -an IC chip, are not clear.
However, it is considered that addition of Ca, the regul ated content of
inpurities or addition of at |east one of Pd, Ag and Pt, and prevention of
5 7 unnecessary deformation of the mategial during the wedge bonding with
ultrasonic waves due to the small elongation and the |arge tensile
strength, nmake the formed Au-Al internetallic conpound thermally stable.

The gold al | oy w'iﬂ ofrt-he—present—i-nventi-on—-s-10 StH-t-abl-e—-or—wedge
bondi ng. Wedge ogndlnP means bondilng wiring befween an Al e] ectrode of an
| C chip and afh optet |lad or anothgr el ectrode,{in which bonE| ng of the
. 5 .
wireto thga elfect sodle a‘.[lld.} omahl eaqcl JOr xanpt per_ ,!necc; rde, i S onducted, by
press-bondi ng| <& H& Sertiops of the(wre Lp 15| sthe quter 4 ead prianpt ber
el ectrode by fmgans ©f @ wedge bondiing tool withput formng a ball in the
first .and “ |2
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seeond bondings. Optionally, ultrasonic waves are applied to the bonding
portion of the wire through the wedge bonding tool. 20 EXAVPLES
(Exanmple 1) To a high purity gold having a purity of 99.999% by wei ght, a
pr édet erm ned anount of Ca was added anggthe m xture was nelted in a vacuum
furnace to cast a gold 25 I ngot having the conposition as shown in Table

1, i.e., a puriftyJef golfd of 99.988%][by wei ght or horle with 1 ppm by wei ght
of Ca. The gold ingot s subjected tjo cold working using grooved rollers
and a wire-drayg | sagd then to interredi ate annealjng to obtain a wire
having a 30 & frtpger |of &5 ¢ erf [Mm| ~ Thi sowig e«ias [then subjected to a
final annealing3 E’pbbal r a<gob d<al hdys wir eshavi mg| @ ftensil e strength of
40.8 kg/ m2 and S *efongation of 2 td 3% Using a }/ve ge bondi ng appar at us
( Shi kawa 35 %;FE\-U 30), this golld alloy wire Wag bonded onto Al
el ectrodes of I|C ¢B B8s &nd onto outer| | eads by thel ndt hod
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13-as shown in Figs. 2Ato 2D, with ultrasonic waves being applied. The
condi tions of bonding on the side of the IC chip were 45g of bondi ng | oad,
30 ns of bonding tine and 0. 64W of bondi ng power. 5 The t hus
obt'ained ten sanples were kept in an ov g at 200[ err] C for 100 hours. The
sanpl es were renoved fromthe oven and {he wires were cut at an outer |ead

side thereof to getprrrerthe—hi-gh—t-erperature—bord—pstrengti—ef—the | C chip
side. That is, the §shi9wasfixedbya10 jig hnd the wire s lifted
and the | oad at fup}urg was determ ned.| The val ue of|the high tenperature
bond strength as|ghpygn®i n{Table 1 is an average of the neasured vl ues of
5515 BvE Eafp <
ten sanples. (Exarip| @2®{g 73 dhd_Copnal afi ve gs 1 fo 31315
Exanpl e 1 was re)@ &tabuf the conposi t|i ons of t’l’1 Td and gol d &l | oy
wire, the elongajidpgaad {he tensile
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14

The hi gh tenperature bond

26

16 [err]

15 [err]

[err]

v

strengths neasured for the obtained wires are shown in Tables 1 to 5.

stréngth were changed as shown in Tables 1 to 4.

[err]
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Lerr] [err] 18 19 (Consideration of Results of Exanples 1 to 71 and
Conparative Exanples 1 to 11) (1) In Exanples 1 to 4 in which 1 to 100 ppm
by weight of Ca only was added to a high purity gold, and 5 t he
resultant gold alloy wire had a gold purgty of nore than 99.9% by weight,
an elongation of 2 to 3% and an tensile strength of 39.3 to 41.4 kg/ m2,
the high tenperature bond strengths of the wires were excellent at

(Consideration of Results of Examples 101 to 150 and
Comparative Examples 101 to 126)

(1) In Examples 101 to 123 in which 1 to 100 ppm by
weight of Ca and 0.2 to 5.0% by weight of at least one of

5 Pd, Ag and Pt were added to a high purity gold, and the
resultant gold alloy wire had an elongation of 2 to 3%
and an tensile strength of 39.1 to 41.5 kg/mm’, the high
temperature bond strengths of the wires were excellent at
3.5 to 5.1q. '

10 Among them, addition of 1 to 50 ppm by weight
of Ca is preferred since the high temperature bond
strengths of the wires are 4.1 to 5.1q.

(2) In Examples 124 to 142 in which in addition to
predetermined amounts of Ca and at least one of Pd, Ag

15 and Pt, 1 to 100 ppm by weight of at least one of Mg, Y,
La, Eu, Ge and Be was further added to a high purity
gold, and the resultant gold alloy wire had an elongation
of 2 to 3% and an tensile strength of 39.2 to
41.5 kg/mm’, the high temperature bond strengths of the

20 wires were 4.3 to 5.1g, which was similarly excellent.

(3) In Examples 143 to 150 in which the composition
and the elongation are thé same as those of Examples 103,
109, 115 and 125 and the tensile strength thereof was
33.0 to 60.0 kg/mmz, the high temperafure bond strengths

25 of the wires were excellent at 3.8 to 4.4g.

(4) In Comparative Example 101 which was the same
as Comparative Example 1 where both Ca and at least one
of Pa, Ag and Pt were not added, the high temperature
bond strength of the wire was low at 0.6g.

30 (5) In Comparative Examples 102 to 105 where Ca was
not contained and a predetermined amount of at least one
of Pd, Ag and Pt was contained, the high temperature bond
strength of the wires were low at 2.5 to 2.8qg.

(6) In Comparative Example 106 where 50 ppm by

35 weight of Ca was added but 2.0% by weight of Cu was
contained in place of at least one of Pd, Ag and Pt, the



3.0 to 3.3g. 10 Anong them addition of 1 to 50 ppm by wei ght
of Cais preferred since the high tenperature bond strengths of the wires
are 3.2 to 3.3¢9. (2) In Exanples 5 to 55 in which 1 to 100 ppm by wei ght of
Ca as well as 1 to 100 ppm by wei ght of 15 | east one of My, Y, La,
Eu, Ge, Ag, Pt and Be were added to a high purity gold, and the resultant
gold alloy wire had a gold purity of nore than 99. 9% by wei ght, an

el ongation of 1 tQ: 3% ., | [ trength.,of 39..3 to 41.6 kg/ err

the high tenper atﬁ%@bon%%ﬁ%ﬁ%h&ﬁ% s[thre%hs ?/ﬁgrt ev%’r”eesdf."ﬂg'f% W At
which were nore eke2¥lent than when only Ca was added. (3) In Exanples 56
to 71 in which the co itiﬁntgﬁnggg;¢g | ey t ﬁﬂﬁgﬁﬁﬁi se of
Exanmpl es 2, 11, 22, %%SanEG 42, 43 and 45 an tlr%le% fie(ﬁ]si e strengt é%g

t hereof was 33.0 RPER-TRISH{IYNE Gfe af dirasdmedreatafy #Dhods AnbRf vasof

the wires wére exomitaieditbd: 200 fprldy WHighte 00Ta @eeeldAtaiidll) the
tenperature bond high temperature bond strengths of the wires were low at
1.0 to 1.4qg.
(8) 1In Comparative Examples 111 to 114 where a
. predetermined amount of Ca was contained but 0.11% by
10 weight of at least one of Pd, Ag and Pt was contained,
the high temperature bond strengths of the wires were low
at 3.2 to 3.3g.
(9) In Comparative Examples 115 to 118 where a
predetermined amount of Ca was contained but 6.0% by
15 weight of at least one of Pd, Ag and Pt was contained,
the high temperature bond strengths of the wires were low
at 1.2 to 1l.6q.
(10) In Comparative Examplés 119 to 122 where a
predetermined amount of Ca and a predetermined amount of
20 at least one of Pd, Ag and Pt were contained and the wire
had a predetermined elongation but tensile strength was
less than 33.0 kg/mm’, the high temperature bond
strengths of the wires were low at 2.6 to 2.9q.
(11) In Comparative Examples 123 to 126 where a
25 predetermined amount of Ca and a predetermined amount of
at least one of Pd, Ag and Pt were contained and the wire
had a predetermined tensile strength but the elongation
thereof was beyond 3%, the high temperature bond strength
of the wires were low at 2.0 to 2.4q.



«stfength of the wire anong Exanples, 4.2 to 5.1g, was 30 obt ai ned when
at | east one—of g —¥—ta—Eu,—CGe, Ag, Pt and Be in addition to Ca were
added and the Iongatlon of 1 to 3%and a tensile strength of -
39.1 to 63.0 g',!ﬁﬂﬂzﬁl "l,tm n Conpar ap§ve Exanple 1 at
35 | east o Ge, Ag, Pt and Be wpTHISEHERIHAS BREN

hi gh tenperature bond strength of the wire was 20 |ow atREPLAGED(6) I
Conparative Exanples 2 to 3 where Ca was @@lﬁgt ai ne ppm by wei ght
of My or Y was contained, the high_ tenperature bond strength of the wire
was |ow at 5 2.5 td-2. 78. 9p¥¢ ?ﬁlﬁbdﬁhF%thE TRAGP| RORALRGr cCAMPHHFHBY
wei ght of Ca wasmddeq!oangakhg péﬁdﬂﬂﬂmeﬂyedz@n@ntl@ﬂ ead trasréainder

strength were esLablls gd?ugaldoggfg gfigptWLre having a tensile

5 strength of not less than 33.0 kg/mm and an elongation
of 1 to 3%. _
2. A gold alloy wire for wedge bonding according

to claim 1, wherein said gold alloy wire has a gold
purity of at least 99.9% by weight.

10 3. The gold alloy wire for wedge bonding according
to claim 2, further comprising at least one element
selected from the group consisting of Mg, Y, La, Eu, Ge,
Ag and Pt in an amount of 1 to 100 parts per million by.'
weight based on the gold alloy wire.

15 4. The gold alloy wire for wedge bonding according
to claim 2, further comprising Be in an amount of 1 to
20 parts per million by weight based on the gold alloy
wire. :

5. The gold alloy wire for wedge bonding according

20 to claim 3, further comprising Be in an amount of 1 to
20 parts per million by weight based on the gold alloy

wire.
6. The gold.alloy wire for wedge bonding according
to claim 1, which consists of 1 to 100 parts per million
25 by weight of calcium (Ca) and 0.2 to 5.0% by weight of at

least one element selected from the group consisting of
Pd, Ag and Pt, the remainder being gold and inevitable

impurities.
7. The gold alloy wire for wedge bonding according
30 to claim 6, further comprising at least one element

selected from the group consisting of Mg, Y, La, Eu, Ge
and Be in an amount of 1 to 100 parts per million by
weight based on the gold alloy wire.
8. The gold alloy wire for wedge bonding according
35 to claim 1, wherein said elongation is in a range of 2 to

3%.
I ——

heet Has Been Replaced
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Gu Was contalned —the_h+gh_tenpeL@Lgre bond strength of 10 the wire was
| ow at 0. 5g arative Exanple 5 where 200 ppm by wei ght of Ca was
cont ai ned, the h| "ﬂﬂm ﬂ,ﬂ"’uwd strength of the wire was |ow 1.2g.
(9) In Oorrparatlv wher g 15 pr amount of Ca
or a predeterm ned anDunt of Ca together with a preddHéd SHEEH HagOyHy P M,

Ge or Ag, were contained and the wire had a predete ntned%gmhg[@urlty and a

predet erm ned el ongatien buphdensid $ht
kg/ m®2, the high 20 _-te erat%‘?e E%fh%lgtl?le%t of WTe et owa‘%”?S

to 2.8g. (10) In EInpiAdRi ve HeFpinsaid S WS a:qnfe@erte;t mitheth amount

@

of Ca or a predetmmmedoﬁnpum S gardHGRIMNERL M {dh BdPredgdiy m ned anmount
of My, Ge or Ag, 25 cont t he re ha redeterntned gol d
purity but the el ongatlon t }e?e% C\‘?ve?gut?éi/d‘ﬁoc% ox% ¢ eg QFF v

strength of 5t he vk® eclwbm| bw wheih tsnidi 4pld alloy wire has a ten51le
strength of 33.0 to 70.0 kg/mm’.
11. The gold alloy wire for wedge bonding according
‘to claim 2, wherein the gold purity of said gold alloy
wire is not less than 99.979% by weight.

10 12. Use of a gold alloy wire in wedge bonding, said
gold alloy wire comprising 1 to 100 parts per million by
weight of Ca, the remainder being gold, said gold alloy
wire having a tensile strength of not less than
33.0 kg/mm* and an elongation of 1 to 3%.

15 13. The use according to claim 12, wherein said
wedge bonding comprising the steps of:

press bonding an end of said gold alloy
wire to an electrode of a semiconductor chip by a wedge
bonding tool, and

20 press bonding another end of the gold
alloy wire to a lead or another electrode by a wedge
bonding tool.

14. The use according to claim 12, wherein said
wedge bonding comprising the steps of:

25 arranging a portion of a gold alloy wire
under a wedge bonding tool;

pressing said portion of said gold alloy.
wire to an electrode of a semiconductor chip by said
wedge bonding tool to bond said portion of said gold

30 alloy wire to said electrode;

relatively moving said wedge bonding tool
with said gold alloy wire through a position above said
electrode of said semiconductor chip toward a position
above a lead or another electrode, to form the gold alloy

35 wire in a certain shape from said electrode to said lead

or another electrode, another portion of said gold alloy

his Sheet Has Been Replaced




«( Exanpl e 101) 30 Exanple 1 was repeated, except that not only 1

ppm by wei ght of

Ca but also 1.0% by iwei ght of Pd were added to the

_starting high puri tgmmn"\[lwﬂlm(u 999% purity and the wire obtained after
‘the final annealin Rgt h of g &n el ongati on

of 2 to 35 3% The corrp05|t|on and the rrec"ﬂ'ﬁﬁlsé

obt ai ned gol d al
bond strength of
and is shown in

s of the
on wre are shown in Table 4 EP iah enperature

d. Ex le 1
hF L BRI 15514 Grd e SRR R A Evampl b 101

to 5 126) Exanple 101 was respeses oy maid Fenatchepo drtoion i f tdeeidjadaldand

gold alloy wre,
shown in Tabl es

5

10

15

20

2l 16y Sh 2RI A A0 d LB Ehet! NI P AP as
wedge bondlng tool to bond said another portion of said

gold alloy wire to said lead or another electrode.

15. The use according to claim 12, wherein said
electrode is of aluminum.

16. The use according to claim 14, wherein _
ultrasonic waves are applied during said pressing steps.

17. The use according to claim 12, wherein said
gold alloy wire comprises 1 to 100 parts per million by
weight of Ca, the remainder being gold, said gold alloy
wire having a purity of gold of at least 99.99% by
weight, said gold alloy wire having a tensile strength of
not less than 33.0 kg/mm’ and an elongation of 1 to 3%.

18. The use according to claim 17, wherein said
gold alloy wire further comprises at least one element
selected from the group consisting of Mg, ¥, La, Eu, Ge,
Ag and Pt in an amount of 1 to 100 parts per million by
weight.

19. The use according to claim 17, wherein said
gold alloy wire further comprises Be in an amount of 1 to

ey o parts per million by weight.
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20. The use according to claim 18, wherein said

.gold alloy wire further comprises Be in an amount of 1 to

20- parts per million by weight.

21. The use according to claim 12, wherein said
gold alloy wire consists of 1 to 100 parts per million by
weight of calcium (Ca) and 0.2 to 5.0% by weight of at
least one element selected from the group consisting of
Pd, Ag and Pt, the remainder being gold and inevitable
impurities, said gold alloy wire having a tensile
strength of not less than 33.0 kg/mmz and an elongation‘
of 1 to 3%.

22. The use according to claim 21, wherein said
gold alloy wire further comprises at least one element
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~ hf'gh tenperature bond strength neasured for the obtained rTe are
shown in Tables 6 to 10. 22 [err] 23 [errT“*“fﬂfT:;Hﬁi”i;T
o 32 A A i

selected from the group consisting of Mg, Y, La, Eu, Ge
and Be in an amount of 1 to 100 parts per million by
weight.
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.25 [err] [err] 26 27 (Consideration of Results of Exanples 101 to 150
and Conparative Exanples 101 to 126) (1) In Exanples 101 to 123 in which 1
~ta 100 ppm by weight of Ca and 0.2 to 5.0% by wei ght of at |east one of 5

“Pd, Ag and Pt were added to a high purggy gold, and the resultant gold
alloy wire had an elongation of 2 to 3% and an tensile strength of 39.1 to

41.5 kg/m®2, the high tenperature bond strengths of the wires were

excel | ent at GOLD ALLOY WIRE FOR WEDGE BONDING
AND USE THE WEDGE B NC
5

ABSTRACT OF THE D LOSURE

A gold alloy wire for wedge bonding, comprising 1 to
10 100 parts per million by weight of calcium (Ca), the
remainder being gold and inevitable impurities, said gold
alloy wire having a tensile strength of not less than
33.0 kg/mm2 and an elongation of 1 to 3%. The gold ailoy
wire has a gold purity of not less than 99.9% or further
15 comprises 0.2 to 5.0% by weight of at least one element
selected from the group consisting of Pd, Ag_and Pt.

(Fig No. 2A, 2B, 2C and 2D)
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3.5 to 5.1g. 10 Anong them addition of 1 to 50 ppm by wei ght
-of. Ca is preferred since the high tenperature bond strengths of the wires
.are 4.1 to 5.1g. (2) In Exanples 124 to 142 in which in addition to
‘predeternm-ned anounts of Ca and at |east one of Pd, Ag 15 and Pt, 1 to
100 ppm by weight of at |east one of My, Y, La, Eu, Ge and Be was further
added to a high purity gold, and the resultant gold alloy wire had an

el ongation of 2 to 3% and an tensile stégﬁ%th of 39.2 to 41.5 kg/m2, the
hi gh tenperature bond strengths of the 20 wires were 4.3 to 5.1g, which
was simlarly excellent. (3) In Exanples 143 to 150 in which the
conposition and the elongation are the sane as those of Exanples 103, 109,
115 and 125 and the tensile strength thereof was 33.0 to 60.0 kg/ M2, the

hi gh tenperature bond_strengths, 25 of the wires re excellent at 3.8 to
4.4g. (4) In Cbnparatggqéggaﬁrugglol whi ch was theF£§ as arative
Exanpl e 1 where both *at "l east one of Pa, Ag and not added,
t he hi gh tenperature
2 -2
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“bond strength of the wire was |low at 0.6g. 30 (5) In Conmparative

. Exanples 102 to 105 where Ca was not contained and a predeterm ned anount

-0F at |east one of Pd, Ag and Pt was contained, the high tenperature bond
strength of the wires were low at 2.5 to 2.8g. (6) In Conparative Exanple
106 where 50 ppm by 35 wei ght of Ca was added but 2.0% by wei ght of Cu
was contained in place of at | east onenof, Pd, Ag and Pt, the 28 hi gh
tenperature bond strengths of the wﬁreg/gére low at 0.5g. (7) In
Conpar ati ve Exanples 107 to 110 where edet erm ned anmount of at | east
one of Pd, Ag and Pt was 5 cont ai ned but 200 ppm by wei ght of Ca was
cont ai ned, the high tenperature bond strengths of the wires were low at 1.0
to 1.4g9. (8) In Conparative Exanples ill to 114 where a

Fig.ZA
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~ predet erm ned anmount of Ca was contai ned but 0.11% by 10 wei ght of at
- | east one of Pd, Ag and Pt was contained, the high tenperature bond
.strengths of the wires were lowat 3.2 to 3.3g. (9) In Conparative Exanpl es
"115 to 118 where a predeterm ned anobunt of Ca was contained but 6.0% by 15
wei ght of at |east one of Pd, Ag and Pt was contai ned, the high tenperature
bond strengths of the wires were lowat, 1.2 to 1.6g. (10) In Conparative
Exanpl es 119 to 122 where a predeterni’éﬂ’annunt of Ca and a predeterm ned
anount of 20 at least one of Pd, Ag4n3 Pt were contained and the wire
had a predeterm ned el ongation but tensile strength was |l ess than 33.0
kg/ 2, the high tenperature bond strengths of the wires were lowat 2.6 to
2.99. (11) In Conparative Exanples 123 to 126 where a 25 pr edet er mi ned
anount of Ca and a predeterm ned anount of at |east one of Pd, Ag and Pt
were contained and the wire had a predeterm ned tensile strength but the
el ongation thereof was beyond 3% the high tenperature bond strength

Fig.3A Fig.3B
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of ths—vmres were low at 2.0 to 2. 4g. CLAI M5 1. A gold agl—_gp
conpr|5|ng 1to loo parts per million by weight

alht

wedge bondi ng,
100 parts per
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“u, Ge, Ag and Pt,
t pnsil e strengiSubstitutetshees s 1tih@ataber @000

B% and a gglgd purity o1 east 99. 9% D
oy wire in wedge bondLDgT—Séﬁffiﬂﬂ7T—7jJL

of at | east one elenent selected fro
t he remai nder bei ng gold,

t | east one t se oup

consisting of My, Y, L&, E,
i nevitable inpurities,

, - Ag, and Pt, e renal d *and

per mllion by weight of @Nh

said inpurities being in an anDunt of not nore t han

0.01% by wei ght, pher & Nyt he JENS 11 AN e RN FdiBhising 1
| to 100 parts per million by weight of Ca, 1 to 100 parts per
million by weight of at least one element selected from the
group consisting of Mg, ¥, La, Bu, Ge, Ag and Pt, the
remainder being gold, said gold alloy wire having a tensile
strength of not less than 33.0 kg/mm?, an elongation of 1 to
3% and a gold purity of at least 99.9% by weight.

2. A use of

a gold alloy wire in wedge bonding, said

gold alloy wire comprising 1 to 100 parts per million by

weight of Ca and 1

to 100 parts per million by weight of at

least one element selected from the group consisting of Mg,

¥, La, Bu, Ge, Ag,

and Pt, the remainder being gold and

inevitable impurities, said impurities being in an amount of -
not more than 0.01% by weight,

wherein the tensile strength of the gold alloy
wire is adjusted to not less than 33,0 kg/mm® and the room
temperature elongation of the gold alloy wire is adjusted to
1 to 3% by controlling the degree of the final cold work;ng
and the temperature of the final anneallng,

press bonding an end of the gold alloy wire to
an electrode of a semiconductor chip with a wedge bonding

tool; and

press bonding another end of the gold wire to
a lead or another electrode with a wedge bonding tool.

3.

The use according to claim 1, wherein said wedge

bonding comprising the steps of:

arranging a portion of a gold alloy wire under
a wedge bonding tool;

YHorAA2
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W= adjusted to not less than 33.0 kg/mierr] and the roomtenperature
el ongati on of the gold alloy wire is adjusted to 1 to 3%by controlling the
degree of th ng and the tenperature of the final :
anneal i ng; prwl_lﬁ@EMEﬂjsﬂ of the gold alloy wire to an el ectrode of a

sem conduct or} it P—wWrti—=—weqg¢ bondi ng t ool ; Sabstitptesisedtonti %telﬂértmoend
qnot her electrode with a wedge bonding

of the gold wirle Cdigiﬁg&f@ﬂ@| 1, wherein said wedge bondi ng co

3.. The use fag
tonofagfﬂodalloyvm"
REPLACENVENT SHEET Substitute sheet m,, 'mmﬁ m’

the steps of:

bondi ng t ool ;

pressi ng sai a-portiomof—sare—gold alloy wire to an el*ecfrote ©

sem conductor chip by said wedge bondi ng

pressing said portion of said gold alloy wire

to an electrode of a semiconductor chip by said wedge bonding
tool to bond said portion of said gold alloy wire to said
electrode;

relatlvely moving said wedge bonding tool with
- said gold alloy wire through a position above said electrode
of said semiconductor chip toward a position above a lead or
another electrode, to form the gold alloy wire in a certain
shape from said electrode to said lead or another electrode,
another portion of said gold alloy wire existing under said
wedge shape too; and

pressing said another portion of said gold
alloy wire to said lead or another electrode by said wedge
bonding tool to bond said another portion of said gold alloy
wire to said lead or another electrode. '

| 4, The use according to claim 1, wherein said
electrode is of aluminium,

5. The use according to claim 2, wherein uitrasonic'
waves are applied during said pressing steps.



t oot o bond said portion of said gold alloy wire to said el ectrode;
rel atively noving said wedge bonding tool with said gold alloy wre through
a position above said el ectrode of said seni conductor chip toward a
position above a | ead or another electrode, to formthe gald alloy wire in
a certain shape fromsaid electrode to sm<jgLjgﬂggggﬂgﬂhgllékﬂghg@@@QQ
Aoy yol d all oy mﬁrq;pX|st|ng under sai d wedge shape
&~admot her portion of said gold alloy wire to said |ead
$4ai d wedge bonding tool to bond said anot her
pglgcgoﬂlnallcy wire to said lead or another electrode. 4. The
poriding to claim 3300 k The

use agcprarmg to C|a|n12 “h?Aﬁbﬁh$i;iﬁiﬁibﬁLlEL___éﬁL_Ji&EhM§d durlhg sai d

ABSTRACT OF THE DISCLOSURE

A gold alloy wire for wedge bonding, comprising 1 to
10 100 parts pef million by weight of calcium (Ca), the
remainder being gold and inevitable impurities, said gold
‘alloy wire having a tensile strength of not less than
33.0 kg/mm2 and an elongation of 1 to 3%. The gold alloy
wire has a gold purity of not less than 99.9% or further
15 compriseé 0.2 to 5.0% by weight of at least one element
selected from the group consisting of Pd, Ag and Pt.

Figure No. 2A, 2B, 2C and 2D



