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DESCRIPTION

HIGH-PURITY HARD GOLD ALLOY AND METﬁOD OF MANUFACTURING SAME

Technical Field

‘The present invention relates to an electronic member |
dental member and a decorative member . |

A'high-purity- gold alioy member as an ele’ctroﬁic merhbef '
is used to connect an electrode on a .Semicondu_ctor devicé and -
an external lead _a_n_d has excellent heat resistance. More
specifically, the goldalloy has electrical characteristics and
bonding characteristics equivalent to or superior to those of
conventional gold alloys despite its small wire diameter. The
high-purity go'lld. alloy according to the present invention has
good electrical characteristics and is especially excellent in
mechanical strength and in breaking 'strength at hot working.

Gold alloy is 1i$ed in most dental members and has a low
purity of gold.Au r'anging' from 42 to 95 mass %. The present
invention provides a high-purity gold alloy for dental use which
has a composition of high~purity gold alloy and yet improved
mechanical characteristics, and retains'thé'characteristics
specific to gold, such as corrosion résistance, color tone, etc.

Gold alloy is expected to be pure gold—like yellow in color
and brig'ht. A hardening method according to the present
invention provides a pure gold-~colored, high-’-purity gold élloy.

_ Background Art
~ Fine wires of goid alloy are used chiefly as bonding wires
for connecting e'l'ectr'o.des on semiconductor devices and 'ekternal
leads. Thermocompression bonding is adopted as a lbonding'
techhique. A distal end portion of a fine alloy wire is heated
and melted with the use of an electric torch to form a ball,

and the ball is compression-bonded to an electrode of a
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semiconductordeviceheatadét150to300°c. Further,thealloy
wire is bonded to an external lead by ultrasonic compress1on
bondlng. ' |

‘A trend for higher integration of semiconductor devices
hascreatedneedsfOrshorterpitchofinterelectrodedistances;
smaller ball diametér, longer path, etc.,.and‘thus there-is.a'
great demand for finer wires. Conventional high-pﬁrity gold
alloys have low breaking strength as a mec'hanj.-c'al s_t_réncjth when
reduced in wire diameter and thus di'fficulty arises in'meeting
the requirements for further reduction in wire diameter. Fine
wires of gold alloy with high mechanical strength and_heat
resistance are therefore demanded. .

Convent10na1 high-purity gold alloys are admlxed with
excessive alloying elements for reduction inwire dlameter_, and
due to oxidation.of”the additive elements'dﬁrihg'the formation
of a ball, an oxide iayer is formed on the surface of the ball,
with the result that the bonding strength lowers because the
ball'fails to be satisfactorily bonded to an electrode at the
time of thermocompression bonding. Further, since the ball has
increased hardness, its deformation factor and shear_strength
are low at the time.of compression bonding, and in extreme cases ,'
the ball breaks thé.semiconductor'device; Also;_a shrinkage_
hole is liable to be formed at the extremity of the ball, and
because of consequent reduction in the bonding surface, the

bondlng strength after the thermocompression bond:.ng lowers.

Gold alloys for dental applications have been in use
separately for casting and working. Su:.table properties vary'
depending on uses, and therefore, gold alloys with low to high
hardness and low to high tensile strength are available on the
market. Gold allby_s' have been considered an ideal material
because they can be melted even with the use of town gas and

 thus are easy to cast and also they have good conformability.

However, gold alloys, which are expens_ive, do not have high
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purity and satisfactory strength, and the characteristics
specific to gold, such as corrosion res:Lstance, color tone, etc.,
could not be fully enjoyed. _ _ _

Gold alloys having a hardness and a tensi_le strength as
mechanical properties ranging from 80 to 280 Hv and from 350
to 1100 MPa, respectively, are used for different app_lications .
As additives added to the alloys, those additives which have
a large volume percentage and which change_the color tone are
mainly used. Therefore, there is a demand for additives that | |
are small in volume percentage and can retain __bright ;&ure golld
color. | - -

Conventional gold alloys are admixed with Cu to increase
the hardness by age hardening of the ord'e_red"lattioe, with indium
or rhe_nium_ to reduce the size of crystal grains, and with
palladium to enhance the corrosion resistance, in such a manner

that these.characteristics are well-balanced.

_ Disclosure of the Invention

_ By admixing high-purity gold for bonding with gadolinium
Gd or f_urther with ‘a 't_race amount of boron B, mechanical
properties, hardness and'bieaking streogth are_remarkably
improved and also the recrystallization region for the
formation of a ball is expanded. It was found that where a small
amount of boron B ooexisted with gadolinium Gd and further with
Group II and Group III-elements, satlsfactory add:LtJ.ve effects -
could be achieved (see Table 1).

A fJ.ne bonding wire of high-purity gold alloy capable of
forming a ball neck. suited for reduction in wire diameter and
having small bonding grains can be obtained. _ |

There have been proposed gold alloy wires which are admixed
with small amoimts of Ca, Be, B, etc_:.-to'eliminate the drawbacks

with high~purity gold wires (Unexamined Japanese Patent

Publication (KOKAI) No. 53-105968, No. 53-112059 and No.
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59—6‘5440-). Manufacture of very fine wires is, however, still
associated with many problems to be solved.

A high—purity_lgold alloy (Au: 99.985% or more) for ben_ding

'ac'cor_ding to the present invention '_h_as' a gadolinium content

ranging from 1 ppmto 49.9 ppmor from 1 ppmto 99.9 ppm inweight %,
and the total amoﬁnt ef the additive is 300 ppn or less in the
former case and 199 ppm or less in the latter case. These ranges
are wider than that defined in the 'claims of I_nterhatibnal
Application PCT/JP96/00510. -

Boron B shows low solid solubJ.lJ.ty in gold and serves to

enhance mechanlcal strength. Adding a small amount of boron

' increases work hardness and tensile strength, but heat
: res1stance is not improved. By addlng gadollnlum Gd, heat

res:.stance improved and age hardening effect, work hardem.ng _

effect and breaking str.ength could be remarkably enhanced, and
also a synergistic effect was observed (see Table 1). .

If an excessive amount of boron B is added, hardness _
increases and the amount of plast:.c deformation of the ball
decreases, with the result that a satlsfactory bonding strength
is not obtained or that a fine crack is formed in the
semiconductor device. Further, diffidulty arises in the
formation of a perfectly spherical ball. . If the amo{mt of boron -
added is too small, then the distribu_tien of boron within gold'
becomes uneven, and consequent variations in mechanical

strength lead to unstable bonding strength, making products

'defectlve.

If the amount of gadolln:l.um Gd added is. too small, the
effect of heat treatment is also small. Even if a large amount
of gadolinium is added, well-balanced strength is not fully

achieved unless gadolinium is used in combination with other

elements .

If an excessive amount of calcium Ca is added, a shrinkage

hole is formed at the extrem:n.ty of a ball and the ball formed
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is not perfectly spherical lowering the bonding strength. If
the Ca content is too small, on the other hand, cooperatlng
effect and combined effect are not fully achieved. Berylllum
Be, aluminum Al, antimony Sb, silicon Si and samarium Sm, when
added, showed a tendency 81m;lar to that.observed in the case
where calcium was added.. | | |

Addlng berylllum showed an effect very s1m11ar to that
achleved with calcium, and adding yttrlum showed an effect
closely similar to that obtained with samarium. .

Gadolinium Gd, _when added in comblnatlon with a rare-earth

element or an alkaline earth metal, 'showe'd a ma_rked additive

effect. .

For a gold alicy'for'dental use, its_mechanical strength,
hardness, tensile strength and heat resistance could.be-
remarkably enhanced by adding gadolinium Gd to the gold alloy
and then subjecting the alloy to aging by heat treatment.
Articles admixed with gadolinium are small in volume and the
color thereof is close to pure gold. _

If gadolinium Gd is added.and then aging treatment is
performed, hardness, tensile strength and heat resistance are
enhanced. Where gadolinium Gd is added in combination with the
aforementloned additive elements, a synergistic effect can.be
achieved through the admixture of gadolinium with other
elements. '

Boron B can remarkably enhance_' the work hardness if added
in a small quantity, but has low solid solubility.

Where calcium Ca, beryllium Be, yttrium Y or'samarium Sm
is added, hardness by means of work hardening and heat resistance
are improved. |

Silicon Si, when added, improves cast ingot hardness and
work hardness.

Adding aluminum Al remarkably increases tensile strength

and also enhances work hardness. Antimony Sb serves to increase
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work hardness. Where these el'ements were added in combination
with an alkaline earth metal or a rare-earth element, the above
properties could be furthered.

Brief Description of the.DraWings
FIG. 1 shows improvéments in SOftening curve achieved by
the addition of gadolihium Gd, boron'B and aluminum Al in a
high~purity gold alloy according to the présent iﬂﬁention;
FIG. 2 shows tensile strength, Vickers hardness and ball

‘shape of sample high-purity gold alloy wires; and

FIG.3showsmechanicalcharacteristics(tensilestrength,

Vickers hardness) of sample gold alloys for dental use.

Best Mode of Carrying out the.InVention
To obtaina high-purity gold alloy for bonding wire, mother
allbys admixed with the aforementioned elements wére'prepared
by using electrolytic gold having a gold purity'of 99.995 -
weight %. Using a high—frequency vacuum melting furnace, the

alloys were individually melted and cast into ingots of 20 mm

% 20 mm x 150 mm.

The cast ingoté of high-purity gold alloys having the
chemical compoSitions as shown in Table 1 were first rolled,
then worked with the use of a grooved roll, and finally drawn
at ordinary temperature to obtain a wire of 20 micrometers in
diameter. As heat treatment, solution heat treatment was
performed first at 800°C, followed by three.hours of age
hardening at 250°C. |
| For the purpose of evaluation, breaking strength was
measured by conducting a tensile test at ordinary temperature,

and also Vickers hardness and the ball shape at bonding were

'.obserVed. The results are shown in Table 1.

FIG. 1 shows the softening curves of small-diameter gold

alloy wires (diameter: 0.8 mm) admixed with gadolinium Gd, boron
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B and ‘aluminum Al.

For the evaluatlon of the ball shape, a hlgh-speed
automatic bonder was used to form a gold alloy ball by an arc -
discharge of an electric torch, and the ball shape was observed
using a scanning electron microscope; A bond with a
satisfactory shape is indicated by the-mark #»Q" and a bond with

a defective shape is indicated by the mark “X~,

For the evaluation of the bonding strength, after the
high-speed bondln_g,. a lead frame and a semlc_ond_uctor dev1c_e to-
be measured were fixed by means of a jig.', and a central portion
of the small-diameter gold alloy wire was pulled apart tomeasure .
the tensile strength ‘at breakage of the wire.

Inviewof a trend for finer wires, very fine wires produced

using the'high-purity gold alloys according to the present

invention have higher breaking strength, hardness and heat

resistance than conventional high-purity gold alloy wires, are

less subject to variations or disconnection, and permit stable

bonding. .Excellent' electrical characteristics can also be
achieved. Since the gold alloy wires of the present invention
are improved especially in mechanical strength, hardness and

heat resistance at ordinary temperature, tensile strength at .

" high temperature is also high, the junction loop height can be

reduced, and the gold alloy wires could be used satisfactorily

in high-speed automatic bonding. Also, the ball shape was

'_perfectly spherical and thus small,' making it possible to

1mprove the yield and reduce the cost.

To obtain gold alloys for dental use, mother alloys adm1xed
with the aforementioned elements were prepared by using 4N pure
gold having a gold purity of 99.99 weight %. The. alloys were
individually melted.by high-frequenoy vacuum melting and were
cast into ingots (20 mm.x 20 mm x 150 mm). Subsequently, the
ingots were heated at 800°C for one hour and then rapidly cooled
in water, followe'd by work hardening and age hardening. The .



- 10

15

20

.25.

30

=8 =

working ratio was 99.5% and the aging treatment was performed
at 250°C for three hours.

Mecham.cal characteristics were evaluated as to Vlckers
hardness and tensile strength. The re.sults are shown in Table
2. '

Thé gold alloys according to the pre’sent'_invent.ion have

‘a gold content of 98.5 weight % or more, have increased hardness

and ténsile_ strength as mechanical properties, and are also
improved in heat resistance and color tone. The gold alloys
showed satisfactory strength for use in dental members.

Dental members are required to ensure biological safety,
besides good mechanical properties. The abovehigh-purity gold '
alloys have small amounts of additivé eiemeni:s contained
therein, and thus it can be said that their degree of safety
is high. By suitably selecting the additive elements, :Lt is
poss1ble to obtain dental members satlsfylng both the
mechanical and biological requ:.reme_nts_.' As for b_J.ologJ.cal
safety, differént approval.systems are adoéted in different
countries, and in Japan, approval by the Ministry of Welfare
is required under the Pharmaceutical Affairs Law. -

High~-purity go"ld.alloy_s admixed with 1000 ppm of rare-
earth elements and alkaline earthmetals and having a gold purity
of 99.9 weight % were prepared bj way of experiment and the colors
thereof were examined; as a result, it was found that the gold .'
alloys admixed wii:h Gd, La, 'Ce, Sm or ¥Yb had a puré gold-like
color and that among them, the gold alloy admixed with gadolJ.nJ.um
Gd had a color most close to pure gold. |

'_ Industrial Applicability _
As described above, the high—purity hard gbld alloy member

‘according to the present invention is suitable for use as a

decorative member such as a necklace, a watch, etc., an

electronic member such as a bonding wire, a lead frame, a thin
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'film, etc., and a dental member.
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1. A method of hardening a high-purity gold alley,-

- 10 -

characterized in that a high-purity gold alloy having a Gd
content of 1 ppm to 49.9 ppm contained in high-purity gold Au
of 99.98 weight % or more is subjected to solution heat treatment
inwhich the elements of th_e'high-purity gold alloy are uniformly
dispersed at a temperature .higher than a solubility curve and

then rapidly cooled, and then to age hardening treatment before

or after a working process for working the high~purity gold alloy

into a desired line shape or other'desired'shape, the age
hardening treatment is performed also when the working process
is not executed.

2. A method of hardenlng a gold alloy member,
characterized in that a gold alloy having a gadolinium Gd content
of 50 to 14,999 ppmcontained in gold Au of 98.50 to 99.96 weight %
is subjected to solution heat treatment in which the' elements

- of the gold ailoy are uniformly dispersed ata temperature higher

than a solubility curve and then rapidly cooled, and then to
age hardening treatment by heat treatment before or after a
working process for working the gold alloy into a desired shape,
the age hardening treatment is performed also when the workinq
process is not executed. ' '

3. A method of hardening a hlgh-purlty gold alloy
according to any one of claims 1, 2 and 11, wherein 0.1 to 150

ppm of boron B is additionally mixed in the composition_'as -

defined in claim 1, 2 or 11.

4. A method of hardening a high-purity gold alloy,
characterized in that the cast high—purity gold alloy is
subjected to solution heat treatment in which the high-purity
gold alloy is heated at 600°C to 2800°C and then rapidly cooled,
and then to aging treatment at a temperature of 150°C to 350°cC.

5. A method of hardening a high-purity "gold alloy |
according to any one of claims 1, 2, 3 and 4, wherein after the

) A
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solution heat treatment, work hardening and aging treatment are
alternately repeated.

6. A method of hardening a high-purity gold alloy,
qharacterized in that a high-purity gold alloy in which one or

‘more additives selected from the group consisting of beryllium

Be, aluminum Al, silicon_Si,'calciu_m Ca, samarium Sm, yttrium
Y and antimony Sb are added to the composition of claim 1 in
which gadolinium Gd is mixed in high-purity gold A{i- of 99;98
weight % _Ié_)r moré, or to the composition of claim 2 hairing

gadolinium Gd and boron B admixed therein, and t;:h_ich has a total
additive 'amount of additives ranging_'from 1 to 199 ppm is

subjected to the solution heat treatment and the aging treatment

‘as defined in any one of claims 1, 3, 4 and 5.

- 7. A method of hardening a high-purity gold alloy,
characterized in that a high-purity gold alloy in which one or
more rare—earth elements and/or alkalin_e earth metals are added
to the composition of claim 1 in which _gadolinium Gd and boron
B are mixed in ‘high-purity gold Au of 99.98 weight % or more,
and which has a total additive amount of additives ranging from
1 to 199 ppm is sctbjected to the solution heat treatment and
the aging treatment as defined in any one of claims 1, 3, 4, '
5 and 6. - _ . o _

8. A méﬁhod-o_f hardening a high—p\irity gold alloy -
according -to any one of claims 1 ’ 3',' 4, 5, 6 and 7, characterized
in that gadolinium Gd is added in a'_ range of 5 to 99 ppm and
the total additive amount ranges from 1 to 99 ppm. | |

9. A method of hardening a gold alloy, characterized in
that a gold alioy in which one or more additives selected from
the group consisting of aluminum Al, silicon Si, calcium Ca,
beryllium Be, yttrium ¥, samarium Sm and antimony Sb are added -

to the composition of claim 2 in which gadolinium Gd is mixed

in gold Au of 98.5 to 99.69 weight %, or to the composition of

claim 3 having gadolinium Gd and boron B admixed therein, and

A
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which has a total additive amount of_additives ranging from 3001

ppm to 14,999 ppm is subjected to the solution heat treatment

- 12 -

and the aging treatment as defined in a_ny of;e of claims 2, 4,
5 and 6. _ ' _ o

10. A method of hardening a gold alloy, characterized in
that a gold alloy in which one or more rare-earthelements and/or
alkaline earth metals are added'_i.:o the compositidn of claim 2
in which gadoliniim Gd is mixed in gold Au of 98.5.to 99.69
weight %, or to the composition of claim 3 having gadolinium
Géd and boron B admixed therein , and which has a total additive
amount of 'additives ranging from 3001 to 14,999 is subjected .
to the solution heat treatment and the aging treatment as deflned '
in any oné of claims 2 through 5. '

11. A high-purity gold-colored, high—purif,y hard gold
alloy member, characterized in that Au having a purity of 99.'7
weight % or more is admixed with 50 ppm or more Gd element and

further with one or more other elements such that a total

additive amount of additives is 3000 ppm.-

12. A high-purity gold-colored, high-pufity hard gold
alloy member, characterized in that Au having a purity of 99.0
weight % or more is admixed with 100 ppm or more of Gd, Lu, Ce,
La or Yb and further with one or more other elements such that
a. total additive amount of addltlves is 10,000 ppm.

13. Amethodof manufacturlng a high-purity gold-colored,
high-purity hard gold alloy member, characterized in that after
the gold alloy accordin_g'-tb claim 11 or 12 is ‘cast, solution
heat treatment is performed at 600°C to 2800°C and then aging
treatment is performed at 100°C to _400°C as post-treatment, o_f

the aging treatment alone is p_erfofmed.
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