-1- BONDI NG W RE FOR SEM CONDUCTOR ELEMENT The present invention relates to
a bonding wire for connecting a sem conductor elenment and an external |e

to each.other. |n order, to connect electrodes of a seniconductQ@) QM

ext erngl_l eads, there has_conventionally been used a wire having a di aneter
of 25 t0 50 [err] and made of Au all oy contaTning a small anounts of Ca,

Be, Ge or the like, that is, a bonding wire has been used. Wen such a wire
is used for connecting a sem conductor elenent and a | ead frame to each

ot her, such a method is_g raessur e- bonded

t hrough ul trasoni c waves, ' =tfre” (T-oue ' T conduct or
elenent hot pressure bonding is effected after each tip thereof has been
fdrmed into a ball using an arc. However, it has recently become possible

tq make 1Cs smal | efprd r??e?;eﬁ?dlﬁx%ﬂ'@f&ntxh@weaéeeooa bBhaghat w&et gereof
hiigher, which has given rise to the probl emthat

connecting a semiconductor element and an external lead

to each other.

In order to connect electrodes of a semiconductor
element to external leads, there has conventionally.been '
used a wire haviné a diameter of 25 to 50 um and made of
Au alloy containing a small amounts of Ca, Be, Ge or the
like, that is, a bonding wire has been used.

When such a wire is used for connecting a
semiconductor element and a lead frame to each other,
such a method is employed that both components are
pressure-bonded through ultrasonic waves, or for the
electrodes of the semiconductor element, hot pressure
bonding is effected after each tip thereof has been
formed into a ball using an arc.

\/ However, it has recently become possible to make ICs
smaller in size and to make the degree of integration
thereof higher, which has given rise to the problem that,
due to an increase in the number of electrodes, the
electrodes have occupied too large an area when using a
conventional wire diameter. In order to solve this
problem, it is necessary to use a wire of smaller
diameter. However, when the wires at present available
are rade small in size, they are extremely liasble to

rupture during a wiring operation and in use. Such wire



due to an increase in the nunber of electrodes, the el ectrodes have
occupied - too large an area when using a conventional wire dianmeter. In
order to solve this problem it is necessary to use a wre of smaller _
di anmeter. However, when the wires at present available are madé snallé%p
size, they are extrenely liable to ruptdire during a wiring operation &fid in
use. Such wire -2- cannot be used in practice. For this reason, it has
been considered that, for conventional wires, a wire dianeter of about 20
[err] is a ninigu val ue. .,There have been sone attenpts to make a wire

di anet er sHEPRO aggdP§SSO§QUPFﬁ° se Patent Unexam ned Publication Nos.

o6-40524 o S S5 AL L e M i By P, B = e

conventional wires, a wire diameter of about 20 um is a

minimum value.

There have been some attempts to make a wire
diameter small, as disclosed in Japanese Patent
Unexamined Publication Nos. 56-49534 and 56-49535 in
which up to 30 wt. & Pt or up to 40 % Pd is added to aAu
to enhance the strength of the wire and to make the wire
diameter small. However, if the content of the alloy-
elements exceeds a certain limit, the hardness of the
ball will be increased and the load nécessary for hot
pressure bonding will be increased with the result that a
silicon chip of an IC is apt to be damaged. Japanese
Patent Unexamined Publication No. 60-15958 proposes an Au
base alloy wire as a bonding wire having good hot
pressure properties with respect to electrode wirings in
which a different element is mixed into Al. This also w
suffers the same problem as above. Thus, there is a
demand for a new bonding wire that is effective for
making an IC which is small in size and which is
densified in a higher degree without any special
modification of the conventional IC and conventional
bonding methods.

An object of the invention is to provide a bonding
wire having a reliability substantially equal to that of

a conventicnal wire, even if the wire diameter of the



di aneter small. However, if the content of the alloy el enents exceeds a
certain limt, the hardness of the ball will be increased and the | oad
necessary for hot pressure bonding will be increased with the result that a
silicoRsehip of an ICis apt to be damaged. Japanese Patent Unexani ned
Publ i cation No. 60-15958 proposes an Au-hakse alloy wire as a bonding wire
havi ng good hot pressure properties with respect to electrode wirings in
which a different elenent is mxed into Al. This also suffers the same
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be formed to have an extremely small diameter as well as

a sufficiently high strength with respect to the

production thereof, and is improved with respect to

rupture during the bonding thereof.

In the accompanying drawings:

Fig. 1 is a graph in which, regarding the rupture
strength of a Cu~containing bonding wire according to the
invention, there is shown the relationship between Cu
content and heat treatment condition; and

Fig. 2 illustrates a method for measuring bonding
strength.

The present invention provides a bonding wire for a
seniconductor element consisting of more than 1 wt. % but
less than 5 wt. % Cu, the balance being Au and incidental

o impurities.

The invention also provides a bonding wire for a
seniconductor element consisting of more than 1 wt. % but
less than 5 wt. % Cu, and at least one substance selected
from the group consiSting of Ca, Ge, Be, La and In in a
proportion of 0.0003 to 0.01 wt. % in total, the balance
being Au and incidental impurities.

The invention further provides a bonding wire for a
semicunductor element-ccnsisting of more than 1 wt. % but

less than 5 wt. % Cu, not less than 1 wt. % but less than



-3- bonding wire is smaller than that of the conventional wre. Another
object of the invention is to provide a bonding wire for a.sem conduct or
el ement, which wire can be forned to_hgve an extrenely small dianeter _as
well as a sufficiently high strength w h respect to the production Eé;
thereof, and is inproved with respect to rupture during the bonding
thereof. In the acconpanying drawings: Fig. 1 is a graph in which,

regardi ng shger upt pge theebaliRnele q,e@ilfgcw Hrld Tt Wi re accor di ng to
the invention, there’is shown the relatlonshi p between Cu content and heat

t reat ment gﬁpdfitggs,and Fig. 2 illustrates a nethod for neasuring bondi ng
strength. The present invention provides a bonding wire for a sem conduct or

el ement consi stThg fhventtohhalsb \girov%duﬁ d ¢omdiran e . £87 Qu, the

bal ance being Au and incidental inpurities. '
semiconductor element consisting of more than 1 wt. %
but less than 5 wt. % Cu, not less than 1 wt. % but less
fhan 5 wt. % Pt, and at least one substance selected from
the group consisting of Ca, Ge, Be, La and In in a
proportion of 0.0003 to 0.01 wt. % in total, the balance
being Au and incidental impurities. '

In the bonding wire for a semiconductor element

according to the invention, the reason why the propbrtion
of Cu is more than 1 wt. % but less than 5 wt. % is that
when Cu is completely incorpdrated into Au in the form of
a solid-solution both the strength of the base wire and
the bonding strength are enhanced, so that it becomes
possible to produce a thin wire having a wire diameter of
20 micron or less (which was difficult to realize in the
prior art), which wire has a rupture stréngth of 4 grams
or more. With respect to this feature, the strength is
increased as the proportion of Cu increases. However, if
the Cu content exceeds 5 %, there occurs a problem with
the anti-corrosion properties, resulting in degradation
in reliability after a long time has elapsed. Also, when
the content of Cu reaches 5%, the hardness of a ball
formed during the bonding operation is incieased;:énd the
load nceded for the hot pressure honding is 1ncreased

with the result that a silicon chip is apt to be damaged.



The invention also provides a bonding wire for a sem conductor el enent
consisting of nore.than 1 wt. %but less than 5 wt. % Cu, and at | east one
subst gnce sel ected fromthe group consisting of Ca, Ge, Be, La and Inin a
proporggpn of 0.0003 to 0.01 wt. %in totad,~the bal ance being Au and

i ncidental inpurities. The invention further provides a bonding wire for a
sem conduct or el enent consisting of nore than 1 wt. %but less than 5 wt.
% Cu, not less than 1 wt. % but |ess than -4- 5 w. %Pt, the bal ance
bei ng Au and inci deift @ kange ianamt pe imenttynial senprsirdesnadBoabing
wire for a sem conductor elenent consisting of nore than,1 w. % but |ess
than 5 wt. % G YRAd |as FahARterkals, tihe | RITIRERT 5ShECSopht thgnd at

| éast one substance sel ected ' [
and In-in a Product wi(i(%eggﬁgﬁéggiégfgmgggn ﬁfélgglffbggbmgea S5use’

N - of rupture durinq_the production of a thin wire and
during bonding operations. Thus, it is preferable to.
obtain a purity exceeding 99.9%. |

It is considered that the reason why such effects |
may be obtained by the use of Cu is that solid-solution

o strengthening occurs and a superlattice is generated. Pt
serves to promote the'effects. Where Pt is uSed, the
proportion of Pt is not less than 1 wt. % but 1éss than
5 wt. ¥. If the Pt content is less than the lower limit,
the effect cannot be obtained. If the Pt content is more
than the upper limit, ductility ends to be decreased and
hardness of the ball tends to be increased.

It is preferable to perform a heat treatment at 200
to 600°C for a suitable period of time in order to insure
a suitable ductility and sufficient strength by relieving
working strain occurring during the wire drawing
operation.

A thin wire in an as-drawn staté has inferior



proportion of 0.0003 to 0.01 wt. %in total, the bal ance being Au and
incidental inpurities. In the bonding wire for a sem conductor el enent
according to the invention,, the reason why the proportjon of Cu is nore
than 1 wt. %but less than 5 wt. %is that when Cu is conpletely 'ﬁaﬂ
i ncorporated into Au in the formof a solgid-solution both the strength of
the base wire and the bonding strength are enhanced, so that it becones

possi bl et auekaduts 341yt enhauhATuAabsie MIRTRALIdD EhOERR O | CoS

(which was difficul't torealize inthe prior art), w-re has a rupture

strength ofo¢kihaMaeHordE€ioNV t ol eaRECH t! @5t RohdiBMdY Gimpdessbignghh is
I ncreased as the proportion of Cu increases. However, if the Cu content

exceeds 5 fHset A&r €o0aCPifactti Pa Dbappl b ibhe . amhusGoramsdmiePI DAGrti es,
resulting in degradation in reliability after a long time has el apsed.

Al so,, wheoptlretdon dd uwfudlilyecpehforinggd tbe Riedndxse .of Bnbgéhetralped .
during the bonding operation is increased, and the | oad needed for the hot
pressure bbhei hdoher rihedsenpenpturehefr ébel heaitatt reatinénbnandi phies apt

to be damaged. . _ _
onger the period thereof, the more the strength decreases

and the more the ductility increases. However, the degree

varies in accordance with the content of the alloy_

components. Therefore, it is necessary to select the heat g;
treatment ¢ondition in accordance with the wire diameter
and the composition. Also, reCrystallization of the
structure and grain growth proceed by the heat
treatment. If the crystalline grain size approaches the
wire diameter, both the strength and ductility are
considerably degraded. It is therefore very important to
select the heat treatment condition in the case of the
thin diameter wire,

Fig. 1 is a.graph showingia heat treatment
condition for insuring a rupture stfengl_:h of not less than
4 grams the case of a wire having a diameter of 10 um
and containing Cu. The solid line represents the case of
400°C treatment and the broken line represents the case of
200°C treatment.

Also, in particular, the addition of Ca, Be Ge,
La and/or In, which have been added in the conventional gold
bonding wire, is effective to erhanca the bonding strength

" of the bonding wire according to the present invention.

In order to attain this purpose, it is possible to add at



-5- If a large anbunt of inpurity is contained in Au and Cu used as raw
materials, the characteristics of the product will beconme unstable and this
will becone a cause of rupture during the production of a thin wire and
duri ng Saandi ng operatlons Thus, it is preferable to obtain a purity
exceeding 99.9% It is con5|dered that the-r2ason why such effects may be
obtai ned by the use of Cu is that solid-solution strengthening occurs and a

superlattice i se@gebnleeGel¥cted \From Ot e HEDE BehbAt el {£Ch spromer%nPéf is
used, the proportion of Pt is not less than 1 wt. %but less than 5 wt. %

I'f the Pt cont énD003 Hoe8s0L Wan ¢ henl bakeallinit, the effect cannot be
obtained. If the Pt content is nore than the upper limt, ductility ends to
be decreased and har dnesRegfardimgdile tlsonding bErenacee&Gdndttdfthe
preferable to performa heat treatnment at 200
$ present 1nvent10n, Au alloy having a chemical composition
in accordance with the invention is melted in a vacuum
melting furnace etc. and is cast. Thereafter, the wire
drawing operation, heat treatment etc. are effected to
obtain a wire having a desired wire diameter.

Embodiments for clarifying the advantages of
the invention will now be described.

By using a high purity Au having a purity of

. 99.99% and a high purity Cu having a purity of 99.9%, a
material to which the elements shown in Table 1 were added
was melted in a vacuum melting furnace. The material was
then subjected to a wire drawing and a heat treatment to
thereby obtain wires having diameters of 10, 12, 15, 19,
25 and 30 um.

In a tensile test, a test piece having a gauge
length of 100 mm was used. The bonding strength
measurement was conducted in such a manner that the
bonding wire 3 connected to both the Si chip 1 and the
lead frame 2 as shown in Fig. 2 was tensioned in a
direction indicated by the arrow so that the rupture
strength was measured. The results for wire of the
invention are shown in Table 1 with respect to rupture
load, elgngation snd rupture strength of the wire after

bonding together with the results of comparison materials.

As is apparent from Table 1, it is understood



to [err] for a suitable period of time in order to insure a suitable
ductility and sufficient strength by relieving working strain occurring
during the wire drawing operation. Athin wire in an as:drawn state has

i nferior -6- ductility (elongationy'éhd'undesirab[e curls dde to thes
wor ki ng deformation, so that it is sonmetinmes inpossible to use it for
practical ahpti thei wizesThesoradimnrealtihe prEsent oinventtonl byeper f or ned
on the wire. In general, the higher the tenperature of the heat treatnent
and the | opyperibz porirvpturer sdfrendth mand honding esigréndthr eases and t he
more the ductility increases. However, the degree varies in accordance wth
t he cont enirgespaetiveopic dhgddefihin diameliers. iAl$e, ndkeidBary to sel ect
the heat treatnent condition.in accgordance with the wire diameter and the
conposi ti oRPPaEeRE that if, £he honding,Wigxpsrhawng the same - |

5 diameter as that of the conventional'bohding wires are
used, the wire having'a highef strength may be obtained in

the case of the invention.



structure and grain growh proceed by the heat treatnent. If the
crystalline grain size approaches the wire dianmeter, both the strength and
ductilify are considerably degriaded. It is therefore very inportant to

sel ect ™% heat treatment condition in the case of the thin dianeter wire.
Fig. 1 is a graph show ng a heat treatnent condition for insuring a
rupture strength of not |less than 4 grans the case of a wire having a

di aneter of 10 pm and cont ai ni ng Cu. Ih§ solid line represents the case of
[err] treatnent and the broken line represents the case of [err] treatnent.
Al so, in particular, the addition of Ca, Be Ge, La and/or In, which have
been added in the conventional gold bonding wire, is effective to enhance
t he bondi ng strength of the bonding wire according to the present

invention. In order o attain this, purpose, it i,s ppssible to, add at
i
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-7- least one selected fromthese elenents in a proportion of 0.0003 to

0.01 wt. %in total. Regarding the bonding wire according ta the present

i nvention, Au alloy having a chem cal conposition in accordance with the

invention is nelted in a vacuumnelting furnace etc. and is cast'. i;g
are ®

Thereafter, the wire drawi ng operation, heat treatnent etc.
effected to obtain a wire having a desiled-wi re dianeter. Enbodi nents
for clarifying the advantages of the invention will now be described. By

using a high purity Au having a purity of 99.99% and a high purity Cu -
having a purity of 99.9% a material to which the elenments showmn in Table 1
were added was nelted in a vacuumnelting furnace. The material was then
subjected to a wire drawing and a heat treatnment to thereby obtain wres
havi ng di anmeters of 10, 12, 15, 19, 25 and 30 [err] In a tensile test, a
test piece having a gauge |length of 100 nmm was used. The bondi ng strength
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measur enent was conducted in such a manner that the bonding wire 3
connected to both the Si chip 1 and the lead frane 2 as shown in Fig. 2 was
tensioned.in a direction indicated by the arrow so that the rupture
strengt hespas neasured. The results for wire of the invention are shown
in Table 1 with respect to rupture | oad, elongation and rupture strength of
the wire after bonding together with t results of conparison nmaterials.
As is apparent fromTable 1, it is un st ood -8- 1 that the wires
according to the present invention are superior in rupture strength and
bondi ng strength irrespective of their thin dianeters. Also, it is apparent
that if the bonding wires having the same 5 dianeter as that of the
conventional bonding wires are used, the wire having a higher strength may
be.obtained in the case of the invention.
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-13- As described above, the wire according to the invention is.superior in
rupture strength and bondi.ng strength. In particular, even if the wire is
thinned to 10 micron neters,-the wire according to the invention insures a
hlgher&gpllablllty than that of the conventional wire and is effective for

maki ng highly integrated LSl small in size.3j3 —CLAIMS 1. A bondi ng
wire for a sem conductor elenent, consisting of nore than 1 wt. % but |ess
than 5 wt. % Cu, the balance being Au and incidental inpurities. 2. A

bonding wire for a sem conductor elenent, consisting of nmore than 1 wt. %

but |ess than 5 wt. % OA&%%@£1$£&S£$ SHHétGQEE 38LeY g‘Ti‘?ng YN L

group consi sting of Ca a an nin a proportion
1nvent10n is super1or in rupture strength and bending

\ strength. In particular, even if the wire is thinned to
10 micron meters, the wire according to the invention
insures a higher reliability than that of the conventional
wire and is effective for making highly integrated LSI

small in size.



0. 0663-%9—0~O1_mg_‘3gln total, the bal ance being Au and incidenta
|npur|t|es : A bonding wire for a sem conductor elenent, consisting
MM”I'MH but less than 5 wt. % Cu, and not ] ess than 1w, %

but m r,%/o , the balance_bging Au and incident al |npur|t4§s
A ‘borfdi §g mnre for a sem conductor el enent, con5|st|ng of nore than

1 w. %but less thanm 5 wt. % Cu, not less than 1 mﬂ % but less than 5 wt.
% Pt, and at | east one substance selected fromthe group consisting of Ca,

Ge, Be, La @ngliys in a proportion of 0.0003 to 0.01 wt. %in total, the
bal ance being Au and incidental inpurities. 5. Awire as clainmed in
any one of claing,1 to 4a bexdfggawdiirentoer aokeniicoyichrttor tdlaaméitt [ err]
- 15 - 6. A wire as clained in any one of clains 1 to

consisting of more than 1 wt. % but less than 5 wt. % Cu,

the balance being Au and incidental impurities.

2. A bonding wire for a semiconductor element,
consisting of more than 1 wt. % but less than 5 wt. % Cu,
and at least one substance selected from the group'
consisting of Ca, Ge, Be, La and In in a proportion of o/
0.0003 to 0.01 wt. % in total, the balance being Au aﬁd

incidental impurities. ‘

3. A bonding wire for a semiconductor element,
consisting of more than 1 wt. % but less than S wt. %'Cu,
and not less than 1 wt. % but less than 5 wt. % Pt, the

balance being Au and incidental impurities.

4. A bohding wire for a semiconductor element, Q;
consisting of more than 1 wt. % but less than 5 wt. % Cu,
not less than 1 wt. % bﬁt less than 5 wt. % Pt, and at
least one substance selected from the group consisting of
Ca, Ge, Be, La and In in a proportion of 0.0003 to
G.Oi wt, % in total, the balance being Au and incidental

impurities.

5. A wirs as claimed in any one of claims 1 to

4, having a diameter of not greater than 20 um.



4, having a rupture strength of not less than 4 gr. 7. A wre as

claimed in any one of clains 1 to 4, having a dianeter of not gﬂlmﬂml““ﬁ IIIIH“I
15 [err] -and a rupture strength of not |less than 4 gr. 8.

wire asaglaimed in ‘any one of clains 1 tol® -substantially as déscfibéd "

herein. 9. A et hod of connectlng a sem conductor elenent to an article

I n which a bonding wire as clainmed in any one of clains 1 to 8 is used. 10.

An assenbly produced by a nethod as cl.ainmed in claim?9.
6. A wire as claimed in any one of claims 1 to

4, having a rupture strength of not less than 4 gr.

7. A wire as claimed in any one of claims 1 to
4, having a diameter of not greater than 15 um and a

rupture strength of not less than 4 gr.

8. A bonding wire as claimed in any one of
g claims 1 to 4, substantially as described herein.
9. A method of connecting a semiconductor

element to an article in which a bonding wire as claimed

in any one of claims 1 to 8 is used.

10. An assembly produced by a method as claimed

in claim S.




