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thin gold-alloy wire has been mainly used as a bonding wre for bonding
el ectrodes on a sem conductor device b&ﬁ&ﬁéignal | eads. An ultrasonic
wave-t hermal pressing conbination sys enpl oyed generally as
bondi ng technol ogy of the thin gold-alloy wre. hbnely, the distal end of
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BACKGROUND ART

A thin gold-alloy wire has been mainly used as a
bonding wire for bonding electrodes on a semiconductor
device to external leads. An ultrasonic wave-thermal
prassing combination system has bean employed genexrally
as bonding technology of the thin gold-alloy wire.
Namely, the distal end of the thin gold-alloy wire is
heated and molten by arc heat input to form a ball by a
surface tension. After this ball is press-bonded to an.
elactrode of a semiconductor device heated to a
temperature within the ranga of 150 to 300°C, it is
connected to an external lead by ultrasonic pressing.

To use semiconductor devices such as transistors,
ICs, etc., as the product, a Si chip, bonding wi:.s,_and_
the portions of a lead frame to which the Si chip is
titted, are resin-molded for protaction after bonding the
thin gold-alloy wire as described above.

The characteristics which the thin gold-alloy wire
is required to possess have become diversified with the
higher integration density of semiconductor devices and
the reduction of their thickness. To cope with high
density wiring and narrow pitches, for example, the thin
gold-alloy wire must be thin or must be capable of high
looping, and in order to reduce thae thickness cof the
semiconductor device, the thin gold-alloy wire must be
capable of low looping. To satisfy elongation of the
wire, the reduction of the wire diameter and adjustment
of the loop height dascribed above, thin gold-alloy wires
containing several kinds of elements as the additional



i s .required to possess have becone diversified with the higher integration
density of sem conductor devices and the reduction of their thickness.
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or high humidity. The heat generated at the time of use
of semiconductor devices due to their high density
packaging cannot be neglacted. Wwhen a thin gold-alloy
wire is used, tha drop of long term rsliability of the
bond with an aluminum electrode has become 2 problem.

In semiconductor devicas used under an environmental
condition where heat-resistance is a requisite, a thin
aluminum-alloy wire has been used in the past as a
bonding wire, and a ceramic package semiconductor device
has been utilized. The thin aluminum-alloy wire has the
advantage that high reliability can be obtained at tha
bond with an electrode on a semiconductor device due to
bonding the same kind of metal. However, the ceramic
package is more expensive than a resin molding. 1In .
addition, it is difficult to form a normal ball in air by
the use of the thin aluminum-alloy wire. Accordingly, a
wadge bonding method has generally been employed as the
bonding method, and producibility drops in comparison
with the thin gold-alloy wire.

Therefore, the use of the thin aluminum-alloy wire
has been limited to specific semiconductors from the
aspects of the production cost, producibility, and so
forth, and the bonding system using the thin gold-alloy
wire, which has an excellent cperation factox, 2 high
producibility and a high workability, is expected to be
predominate in future.

The problem of the drop of long term reliability of
the bond with the aluminum electrcde on the semiconductor
device has existed when the conventional thin gold-alloy



bond with an al um num el ectrode has becone a probl em I n sem conduct or
devi ces used under an environnental condition where heat-resistance is a
requi site, a thin alumnumalloy wire has been used in the past as a
bonding wire, and a ceram c package sem congductor device has been utilized.
The thin alumnumalloy wire has the-advantage that high reliability can be
obtained at the bond with an el ectrode on a sem conductor device due to
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Under such circumstances, a thin gold-alloy wire
having high bonding reliability with the aluminum
electrode in a high temperature environment has been
raquired.

DISCLOSURE OF THE INVENTION

As a result of a series of studies on bonding
reliability, the inventors of the present invention have
confirmed that contrary to common sense in the prior art,
the growth of 1ntermctallié compounds increases strength

~in an interface of a bond portion but that when the bond
portion of a resin-molded semiconductor device is held at
a high temperature, the intermetallic compounds are
corroded with halogen components in the molding resin.

Moraover, as a result of studying the above bond
portion in detail, the inventors of the present invention
defined that almost all the intermetallic compounds
formed in the bond portion are AusAl, phase and these
compounds transform into Au,Al phase, in accordance with
the progress of diffusion of Au and Al. BY reacting the
AuAl phase with halogen components contained in the
molding resin, corrosion easily occurs and electrical
resistance of the bond portion increases by this
raaction. When this corrosion is remarkable, electrical
conduction defects occur.

From the above studies, the present inventors
defined that in many compounds of an Au-Ag system, the
only compound which may be corroded is the a2bove AuAl



-3- wre is used at elevated tenperature environnent, e. g, a tenperature
range of 50 to 200[err]C. In other words, alum num as the el ectrode

mat erial and gol d undergo nutual diffusion and forminternetallic conpounds
and generate voids, so that peel and electrical conduction defects occur at

t he bond. In order to control the gromtlk of internetallic conpounds, a
techni que which adds Mh into a thin gold- alloy wire is described in
Japanese Unexami ned Patent Publication (Kokai) No. 2-215149. Under

such circunstancg@hkas®.a thin gold-alloy wre having high bonding

reliability with the ﬂhumﬂaﬁ&LEEiﬁOQQahQ %ohb%ati.hmhaw:m VR
has been required.

NVENTI ON
series of studi&® %ghboﬁﬂﬂﬁr?%‘ﬁﬁbloiﬁ $8 BACSSEATY; 5P PGS 'ﬂ'é’r‘éfustt@ﬁ“
i nvention have ceiéi interhéesllpot compoundsosndn toegrow AlLAR, (phawe cnd

the gromh of internetall reases r h | Lnterface of

a bond portion bR Tmfdvxtﬁﬂgé)ﬁg’%%ﬁg° gP?SnS‘Sf‘ﬂa 5@8153-}’{@-}%@(#3 a

sem conduct or destreoded hphasat a hlgh tenmperature, the internetallic

conpounds are corrod | n.goO n ' lscli_n

Moreover, as a resule'?h%#wg%{?gg ge agoégkgg g’ E'(K:J)"f'te|EE((f2)"rj1'(;'j’:nn% talclmn‘sﬁ?e

i nventors of tFNDQMetbnirla QaniueSPASthnﬁtaat gold-aldoy wire

intermetallic c r rr] phase
R QS ”ansf Litpeove the Baa%xe re@q aBiq 1 /é?[c ol h&yw

and these conpoun I nto Au err hase, 11 ordan mnth the
progress of difftemBATaEuLes fEom th BYV GHPPFHS descriped pROVIRy, and)

hal ogen conponeni&qg&opradi €Ré £6118€ing technical concept.

(a) When Mn of 30 to 3000 ppm by weight is added to
Au, corrosion of the intermetallic compound layer at the
resin-molded bond portion, in a high temperature
atmosphere can be remarkably reduced. Namely, the
addition of Mn suppresses the transformation of Au,Al,
phase into Au,Al phase, in the intermetallic compound.
For example, a bonded portion of a thin gold-alloy wire
obtaining 1000 ppm by weight of Mn and an aluminum
electrode was rasin-molded, the bonded portion was heated
to a temperature of 200°C for 300 hr and X-ray
diffraction was carried out on the obtained material.

The results of the X-ray diffraction were indicated in
Figure 1. The only compound confirmed in Fig. 1 was
Aughl,.

When the above heating condition is carried out on
the conventional thin gold-alloy wire, a translation into
AuAl phase from AusAl, phase takes place and corrosicn
occurs. However, in the thin gold alloy wire containing
Mn, as shown in Fig. 1, the phase-transformation to Au/l
phase is suppressed and corrosion cannot be observed.

Also, in the case of containing a range of minute
amount of less than 100 ppm by weight of Mn, few AuAl
phases were formed but corrosion was sufficiently
suppressed and there was no problem in practical use.
Moreover, there was an effect that sphericity of the ball
portion formed at the distal end of the wire could be




nmol ding resin, corrosion easily occurs and el ectrical resistance of the
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.present inventors defined that in many compounds of an Au-Ag system the
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are shown in Fig. 2.

The electric resistance increases a corrosion
proceeds.

In the thin wire containing 100 ppm of Mn, the
electric resistance increased slightly after the
annealing was carried out for 300 hrxs but this increase
was no problem. Alsco, even if this thin wire was held at
& tempearature of 200°C for 1,000 hrs, the electric
resistance was about less than half of that of the thin
wire containing no Mn. Therxeforae, as shown in Fig. 2,
the wire containing 100 ppm of Mn has an excellent
corrosion resistance at a high temperature.

Further, in this figure, when the thin wire
containing 1000 ppm of Mn was annealed at a temperature
of 200°C for 300 hrs, the electric resistance of the
obtained thin wire was little better than that of a
material before annealing.

The above description shows that the results of
Fig. 1 ars correct.

As described above, in the present invention, since
the feature of the present invention is to suppress
translation of from AusAl; phase to Au,Al phase, corrosion
of a bonded portion can be prevented and bonding strength
can be increased and therefore the prasent invention has
a significant effect.

To attain elongation of the wire and toc control
the loop shape and its loop height, the inventors have
furthered their studies and have found ocut that when the
alements of the following first to third groups are co-
present in addition to the mere addition of the Mn
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the distal eatlof tdewhick thel Mnbelement is alome added.Three kinds of
thin gold alloy wie Wahgh $3E8 30 ppm by weight of at least one of
Ca, Sr and rare earth elements including Y (second
group), in total, is added, the mechanical
characteristics of the wire, particularly its high
tsmperature strength, can be improved, and coarsening of
crystal grains at heat-affected portions in the proximity
of the ball portion can be restricted, sc that the
strength of the neck portion near the ball portion can be
incrsased.

(d) When the elements of the first and second
groups are co-present, the mechanical strength of the
wire can be improved and a linear property of the wire
after bonding can also be improved (reduction of bending
of the wire). In consequence, the thin gold-alloy wire
can cope with a long span having a large bonding
distance. Further, since the high temperature strength
increases with an increase in the recrystallization start
temperature of the wire, the wire flow at the time of
resin molding can be reduced.

(e} In addition to the second element group, 1 to
50 ppm by weight of at least one member selected from the
group consisting of In and T¢ (third group), in total, is
added. In this way, the length of the recrystallization
portion at the heat-affected portions near the ball
portion can be increased, and a thin gold-alloy wire
having a greater loop height can be obtained.

(f) When the elements of the first, second and
third groups are co-prasent, the thin gold-alloy wire
having the effects of addition of these element groups in
combination can be obtained. 1In other words, the wire



contai ned 0.1% (1000 ppm) of M), 0.001% (100 ppn) of M or 0% of M were
set and bonded and then bonded portions were resin-nolded, and as a result,
t he 'sem conduct or devi ce obtai ned was anneal ed at a tenperature of
200[err]C for 300 hrs and 1000 hr. Next, the electric resistance was

exam ned for each of the thin wires, and The results are shown in Fig. 2.
The el ectric resistance increases a corrosi on proceeds. In the thin
wire containing 100 ppmof M, the electric resistance. increaged slightly
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cont ai ni ng 1(5&) ﬁ)%?ﬁn&ﬁl%f%s anneal ed at a tenperature of 200[err]C for
300 hrs, the el ect¥n cother swords, othehpresentntavention L8 empletede
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(2) A thin gold-alloy wire for a semiconductor
device containing 1 to 20 ppm by weight of at least one
member selacted from the group consisting of Be and B, in
total, in addition to the components of the item (1)
described above.

{3) A thin gold-alloy wire for a semiconductor
device further containing 1 to 30 ppm by weight of at
least one member salected from the group consisting of

.cg, Sr and rare earth elements, in total, in addition to
the components of the item (1).

{(4) A thin gold-alloy wire for a semiconductor
device further containing 1 to 30 ppm by weight of at
least one member selacted from the group consisting of
Ca, Sr and rare earth elements (Y is contained in said
elements), in total, in addition to the components of the
item (2).

(5] A thin gold-alloy wire for a semiconductor
device further containing 1 to 50 ppm by weight of at
least one member selected from the group consisting of In
and T¢, in total, in addition to the components of the
item (3).

(6) A thin gold-alloy wire for a samiconductor
device further containing 1 to 50 ppm by weight of at
laast one member selected from the group consisting of In



furthered their studies and have found out that when the el enents of the
following first to third groups are co- present in addition to the nere

addition of the M -6- elenent, the
fol-l owi ng effects can be obtai ned. (b)_When 1 to 20 ppm by WEIght of
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Figure 2 is a graph showing relationship Mn content,
annealing time and electric resistance.

Best Mode for Carrying Out the Invention

Hereinafter, the best mode for carxying out the
present invention will be explained.

High purity gold used in the present invention
contains gold having a purity of at least §9.9395 wt%, and
the balance comprises unavoidables impurities.

When a gold ball joint portion is exposed to a high
temperatura environment, several kinds of intermetallic
compounds grow with the mutual diffusion of gold and
"aluminum on the bonding interface, and a specific
compound phase, i.e., AuAl phase, readily reacts with a
halogen element in a molding resin and results in the
increase of the electrical resistance at the joint
portion.

Addition of manganese (Mn) is extremely effective to
eliminate such 2 cause. In other words, when manganese
is added to gold, Mn suppresses the growth of the
compound phase which is enriched due to the diffusion
inside gold in the proximity of the interface and is
corroded, and alsc suppresses the rise of the electrical
resistance of the joint portion left standing at a high
temperature. The Mn content is stipulated to be 50 to
3000 ppm by weight for the following reascns. If the Mn
content is less than 50 ppm by weight, the effect of
suppressing corrosion of the intermetallic compounds at
the joint portion in the above high temperature range is
small, and if it exceeds 3000 ppm by weight, during the



of the wire). In consequence, the thin gold-alloy wire can cope with a |ong
span having a | arge bondi ng di stance. Further, since the high tenperature
strength increases with an increase in the recrystallization start
tenperature of the wire, the wire flow at the tinme of resin nolding can be
reduced. (e) I'n addition to the second 2 Bnent group, 1 to 50 ppm by
wei ght of at |east one nenber selected fromthe group consisting of In and
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between alactrodes on a semiconductor device becomes
preferable. The effect of improving reliability can be
sufficiently obtained when the Mn content is within the
range described above.

Mn has a large solid solubility into gold and has
small influences on mechanical strength. when the amount
of Mn is added as described above, it is not posaible to
obtain the effect of controlling a loop shape. For this
reason, the present invention further improves the basic
characteristics of the wire by allowing elements other
than Mn to be co-praesent, and contemplates to cope with
diversified needs for wire characteristics. It has been
advantagesously confirmed that the above amount of Mn
hardly exerts any adverse influences on the
characteristics brought forth by other elements.

Be and B are added as the elements of the first
group so as to improve the normal temperature strength of
the wire, to facilitate a wire drawing step and thus to
make it easier to industrially produce the Mn-containing
thin gold-alloy wire. The improvement of the breaking
strength can be hardly expected when Mn is added alone.
Because work hardening during the drawing process is also
small, the increase in the drawing speed of the wire will
result in breakage of the wire. When a2 suitable amount
of Be or B is contained, however, work hardening during
the drawing process of the wire can be promoted, so that
the improvement in producibility as well as a higher
speed operation of the drawing process can be achieved.
If the amounts of Be and B are less than 1 ppm by weight,
the change of the mechanical strength is extremely small



In other words, the present invention is conpleted on the finding described
above, and has the follow ng construction as the gist thereof. (1 A
thin gold-alloy wiring for a sem conductor device, used at a high
tenperature, containing 50 to 3000 ppm particularly 50 to 100 ppm by

wei ght of Mh with the bal ance conpri si«®gl@okd and unavoi dable inpurities.
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sag of the wire at the time of the formation of the loop
can be reduced. Because the resin heated to 2 high
temperature at the time of resin molding flows into a
mold at a high speed while keeping its high viscosity,
the connected wire undergoes deformation due to the flow.
Howevar, when trace amounts of Ca, Sr and rare earth
elaments are added, the high temperature strength of the
wire can be improved and in consequencs, the wire flow
can be reduced at the time of resin molding. When
crystal grains get coarse by heat-affected portions in
the proximity of the ball, damage such as cracks might
occur at the neck portion when the loop is formed.
However, addition of Ca, Sr and rare earth elements
suppress recrystallization at the heat-affected portionms,
render the crystal grains finer, and thus improve the
strength of the neck portion. If the amounts of Ca, Sr
an the rare earth elements are less than 1 ppm by weight,
the increase of the high temperature strength is small
and if the amounts exceed 30 ppm by weight, on the other
hand, shrinkage pores are formed at the distal end of the
ball, so that the bonding strength after ball bonding
drops. Accordingly, the amounts of one or more of Ca, Sr
and rare earth elements are limited to the range of 1 to
30 ppm by weight in total.

When the first and second groups are co-present, the
bend of the wire after bonding can be reduced due to the
improvement of the mechanical strength of the wire, and



and T[err], in total, in addition to the conponents of the item (4).

BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 is a graph show ng a result
obtained by X- ray diffraction of the thin wire of the present invention
(inthis wire, 1000% by wei ght of M is_agged to Au) obtained when this
wire is annealed at a tenperature of 200[err]C for 300 hrs. Figure 2
Is a graph show ng relationship M content, annealing tine and electric
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the addition of the second group elements is great.
However, when the second group elements are alone added
to increase the mechanical strength of the wire, the drop
of the bonding strength due to the formation of the
shrinkage pores at the distal end of the ball might
occur. Accordingly, the improvement in the strength,
particularly the breaking strength, is assisted by
allowing the first group elements to be co-prasent, and
in this way, elongation can be accomplished without
causing the drop of the bonding strength. The amount of
one member selected from the group consisting of Be and B
is within the range of 1 to 20 ppm by weight in total,
and the amount of at least one member selected from the
group consisting of Ca, Sr and the rare earth elements is
within the range of 1 to 30 ppm by weight in total, for
the reasons already described.

It has been found out that when In and T{ as the
third group elements are added, the length of the
recrystallization portion affected by the thermal
influences at the time of the ball formation is
increased. The length of the recrystallization porxtion
is the critical factor that governs the loop height, and
the distal end portion of recrystallization, that is, the
portion at which the mechanical strength remarkably
changes, corresponds to the highest loop portion.
Howsver, when the third group element or elements are
added alone, the mechanical atrength of the wire is not
sufficient, and variance in the size of the loop becomes
great.

Accordingly, the high looping described above is



Addi tion of manganese (M) is extrenely effective to elimnate such a
cause. In other words, when nanganese is added to gold, M suppresses the
growt h of the conpound phase which is enriched due to the diffusion inside
gold in the proximty of the interface and is corroded, and al so suppresses
the rise of the electrical .resistance of~t¥& foint portion left standing at
a high tenperature. The Mh content is stipulated to be 50 to 3000 ppm by
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pitch between the elect:odes becomes difficult.
Accordingly, the amount of at least one member selected
from the group consisting of In and Tt is stipulated to
the range of 1 to 50 ppm by weight. The content of Ca,
Sr and the rare earth elements is limited to 1 to 30 ppm
by weight in total for the same reason as described
alrsady.
When the wire is elongated, sag and bend of the wire
immediately after bonding and the wire flow a2t the time
of resin molding generally tend tc increase. A wire
capable of strict locp control is required so as to
simultanecusly satisfy the requirements for elongation
and suppression of sag and bend of the wire. Therefore,
the present invention obtains a thin gold-alloy wire.
having the addition effacts of the first, second and
third group elements, respectively, by allowing these
groups of elements to be co-praeasent. The mechanical
strength of the wire is increased by the addition of the
second group elements to improve the bend of the loop,
and the high temperature strength is effective
particularly for suppressing the wire flow at the time of
resin molding. When the first group elements are added,
the normal temperature strength can be improved, so that
a stable loop shape having less variance can be obtained.
When the second group elements are added, the strength of
the neck portion can be improved and sag can be reduced.
Further, when the third group elements are added, high
looping can be accomplished, and the wire can easily cope
with elongation without causing contact with the Si chip



range descri bed above. Mh has a large solid solubility into gold and
has smal | influences on mechanical strength. when the amount of M is added
as described above, it is not possible to obtain the effect of controlling
a- | oop shape. For this reason, the present invention further inproves the
basic characteristics of the wire by alLoyng el ements other than Mi to be
co-present, and contenplates to cope with diversified needs for wire
characteristics. It has been advantageously confirmed that the above anount
of NMh hardly ﬁderbﬁlyrnmduﬁuulynhlﬁwzcem ndirnghdutharked et sthe stimeught
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breakage of d@gpﬂﬁﬁggra sui tabl e anobunt of Be or B is contained,
however, work har I ng the drawi ng process of the wire can be
pr onot ed, so t hat Hezeilnpftes;eRxamplemaitithd ipgssentcinventioni ghkl

speed operati ;P%ngn§aamﬁng process can be achieved. If the amounts of
ess

Be and B are wei ght, the change of the nechanica
strength is extrenBPyd Epys aving a chemical composition tabulated

in Tables 1 and 3 in which each of the above addition
elament groups is contained in electrolytic gold having a
gold purity of at least about 99.995% by weight, were
melted and cast in a ratio frequency vacuum melting
furnace at 1200 £ 20°C. Each of the resulting ingots was
rolled and then drawn at normal temperature. A thin
gold~alloy wire had a final wire diameter of 25 um. The
wire was continuously annealed at 200 to 500°C in the
atmosphere and was adjusted so that the elongation value
attained was about 4%.

The ball shape, the deqree of breakage cf the wire
during the drawing step, the mechanical properties of the
wire, the bonding strength, the loop height, the wire
bend, the wire flow after molding and the degree of
corrosion of the intermetallic compounds at the ball
jeint portion, were examined for each of the resulting
thin gold-alloy wires, and the results were also
tabulated in Table 1.

The degree of breakage of wires in the drawing step
was examined by counting the number of times of breakage
when a 2 kg ingot of the gold alloy adjusted to the
predetermined composition was drawn from a wire diameter
of 500 um to the final wire diameter of 25 um. Symbol e
represents 0, © represents 1 to 5 (times) and a
represents five or more times.

The mechanical characteristics of the wire examined
in the following way. The tensile breaking strength at



- 10 - and if the anounts exceed 20 ppm by wei ght, the hardness of the
bal | portion becomes so high that a sufficient bonding strength cannot be
obt ai ned easily, or the semiconductor device might be damaged at the tine
of bonding. For these reasons, the Be and B contents are limted to the
range of 1 to 20 ppm by wei ght. Wien4a. Sr and rare earth el enents
are added as the elenents of the second group, noet only the nornal
tenperature strength of the wire but also its high tenperature strength can
be i ncr eased, noxmabatekhpere tuxe seas cheasuxed: asdngt Re thilme geld-rad Xay mat i on
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wire diameater. Fnrther, the loop shape was affected by

the diffarence of mechanical characteristics of the neck
portion affected by.tho thermal influences at the time of
the ball formation and the mechanical characteristics of
the bus portion, and this characteristic feature could be
put into oxder by utilizing the strength difference
between the normal temperature strength and the high
temperature strength.

The ball shape of the gold alloy balls, each
produced by arc discharge by electric torch using a high
spead automatic bondexr was observed through a scanning
electron microscope. Symbol x represents those ball
shapes which had abnormal shapes or in which the
occurrence of shrinkage pores was observed at the distal
end portion of the ball and could not be bonded
satisfactorily to the electrode on the semiconductor
device, and symbol a represents the ball shapes which a
sphericity was low but a joining property was not under
the bad-influence and symbol O rspresents a goocd shape.

The bonding strength was evaluated in the following
way. The wire was bonded by the high speed automatic
bonder, and a lead frame and a semiconductor device to be
measured were fixed to a jig. Then, the center portion
of the thin gold-alloy wire after bonding wds pulled, and
the tensile strength at the time of breakage of the thin
wire was evaluated in terms of the mean value of the pull
strength measured for 100 wires. The jig was moved in



and if the anobunts exceed 30 ppm by weight, on the other hand, shrinkage
pores are forned at the distal end of the ball, so that the bonding
strength after ball bonding drops. Accordingly, the anmobunts of one or nore
ofCa, Sr and rare earth elements are limted to the range of 1 to 30 ppm
by weight in total. When the first-apy second groups are co-present,
the bend of the wre after bonding can be reduced due to the inprovenent of
t he nechani cal strength of the wire, and the wire flow at the
time of resinpavéiiley atnabposdtiond spased agert hy chaun oIn tthe hi gh
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strength, is esternal beads were bonded, and the distance between the

apex of each loop and the electrode surface of the
seniconductor device was measured for 100 wires by an
optical microscope, and the loop height as the difference
of the height and variance were evaluated.

The wire bend was evaluated in the following way.
Each wire, which was honded in such a mannexr that the
bonding distance (span) between both ends thereof became
2.5 mm, was observed from a substantially upper direction
of the semiconductor device, and the distance between a
straight line connecting the center portion of the wire
to both and bond portions thersof and a vertical line at
the portion at which the wire bend was maximum was
measured by a projector. The wire bend was expressad hy
2 mean value of eighty wires.

The wire flow after resin molding was measured in
the following way. Pirst, wire bonding was made so
that a wire span of 4.5 mm could be obtained, and the
semiconductor device was then mounted to a lead frame.
After this the lead frame was molded into an epoxy resin
using & molding apparatus, the inside of this resin
molded semiconductor device was X-ray photographed using
8 soft X-~ray non-destructive inspection apparatus. Thé
flow quantity of the portion at which the wire flow was
maximum was measured for 80 testpieces in the same way as
the measurement of the wire bend, and the gquotient
{percentage) cbtained by dividing the mean value of the
flow quantity by the span length was defined as the wire
flow after resin molding.

The ball formed at the distal end of the thin gold-



allowing the first group el ements to be co-present, and in this way,

el ongati on can be acconplished w thout causing the drop of the bonding
strength. The amount of one menber selected fromthe group consisting of Be
and'Bis within the range of 1 to 20 ppn1g* wei ght in total, and the anount
of at |east one nenber selected from the group consisting of Ca, Sr and
the rare earth elenents Is wthin the range of 1 to 30 ppm by weight in

total, for th %&@waﬁ%ﬁmrw%. almiauhanheeﬂoaeundnaut t hat
when In and T err rd._qroup el enents ari ng EQE th of the
recrystalllzaﬂﬁ&ﬁﬁ) b¥he HePeXY, rasing Fie,sseige OFne of
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size of the | deyesQfng® . invereRabils FowpERga
described aboygdwhn on the bonding intetface was observéd: The
intermetallic compound layer was gray in color. Since
the compound layer which was corxoded was brown, it could
ba easily distinguished. The prograss of corrxosion of
the intermetallic compound at the ball bonding -portiocn
was examined by utilizing the feature described above.
The progress of corrosion was examined by the proportion
of the length (b) of the corrosion region in the
length (a) of the growth of the intermetallic compound
layer on the polished section of the ball bonding
portion. Symbol © represents remarkable suppraession of
corrosion when the mean value of 30 ball bonding portions
had a proportion (a/b) of up to 5% cof the corrosion
portion. Symbol x represents remarkable corrosion when
the mean value was not smaller than 40%, and A represents
the testpieces having the proportion (a/b) between 5 and
40%.

Tables 1 to 4 illustrate the evaluation result of
the thin gold-alloy wires produced by using the
constituent components of the present invention, and
Tables 5 and 6 illustrate the evaluation results of the
thin gold-alloy wires having the addition amounts outside
the range cf the prasent invention.

As shown in Table 2 and Table 4, corrosion of the
compound layer at the bond portion is restricted by the
addition of Mn, and long-term reliability can be
improved. On the other hand, when Mn is added in an
amount less than the amount of the range of the present
invention as represented by Comparstive Examples 1 to 3,
the effect of suppression of corrosion is small. 1In



achieved by the third group el ements and the nechanical strength of the
wire is inproved by the second group elenents to reduce variance of the

| oop hei ght by causing the second and third group el enents to co-exist.
When the anobunts of In and T[err] are less than 1 ppm by wei ght, the effect
of addition is small and when they exceed SO;nnnby wei ght, on the other
hand, the ball portion does not becone a ﬁeﬁfedt ball and joining of a
narrow pitch between the el ectrodes becones difficult. Accordingly, the
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the strength of strength is at least 50 gf in the case of 25 um thin
gold~alloy wires. The thin wires in Table 2 and Table 4
all satisfied the value of at least 50 gf, but scme of
the wires in Table 6 had a value less than S0 gf, and
this value was insufficient for the thin gold-alloy wire
for wire bonding. _

When the wires were observed after the pull test,
all the kinds of thin gold-alloy wires were broken at the
neck portion immediately above the ball. It could be
thus understood that the pull strength was a value
reflecting the neck strength and the neck strength was
improved in the thin gold-alloy wires to which a suitable
amount of the second group elements(s) was added.

Breakage was not observed during the drawing process
in the case of the thin gold-alloy wires containing a
suitable amount of the first group elements, and in the
case of the thin wires containing the other element
groups in combination, too, the mechanical strength was
improved and drawing was easy.

In the thin gold-alloy wires containing a suitable
amount of the second group element(s), the strength
difference batween the high temperature strength and the
normal strength was as small as about 1 gf, the heat-
resistance was excellent, and the wire flow after resin
molding could be reduced.



the neck portion can be inproved and sag can be reduced. Further, when the
third group el enents are added, high | ooping can be acconplished, and the
wire -can easily cope with elongation wthout causing contact with the S
chip - 13 - not only imediately after
bondi ng but also at the time of resin nolding. Better effects can be
obt ai ned when these groups of elenents are.cpgptesent. Further, since the
effect of addition of each elenment group is fundanentally independent, the
content of each elenent group is stipulated to the range described already.
Her ei nafter, Exanpl esthé whgepbefdnivaisngenerally |low arektie nessult wasol d

al l oys having a chem ¢al.co Lt ul d kn.T Lo, whi ch
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Each of the resulting 1ngots was rolled a t hen drawn at

or ng|
tenperature. A t#n% Baeqlinesy preperty oI the wine ‘tﬁ%%“%"@??ﬂﬂ m
The be further improved. As to the loop height, the thin

gold-alloy wires according to claims 6 and 7 of the
present invention had a loop height of not smaller than
200 um and variance of the loop height, too, could be
limited to a low level. Accordingly, a high loop height
could be attained easily and stably.

In the thin gold-alloy wires to which a suitable
amount of Mn was alone added, the changes of various
properties such as the strength and the loop shape were
small. It was obvious, however, that more excellent
properties could be obtained in the mechanical
characteristics and the bonding characteristics by adding
each element group according to the present invention.
It could be understood from the results tabulated in
Table 6, however, that when the amount of addition was
out of the range of the lower limit of the constituent
components of the present invention, the exhibition
effect of the characteristics described above was small,
perfect sphericity could not be easily obtained for the
ball shape, and the shrinkage pores were formed at the
distal end of the ball.



W re was continuously annealed at 200 to 500[err]C in the atnosphere and
was adj usted so that the el ongation value attained was about 4% The
bal | shape, the degree of -breakage of the wire during the draw ng step,
the mechani cal properties of the wire, thea Qgnding strength, the |oop

hei ght, the wire bend, the wire flow after nol ding and the degree of
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test when the wre was held for about 20 seconds inside a vertical furnace
at 250[err]C, that is, the high tenperature strength, was neasured by the
tensile test. The difference of the strength at the normal tenperature
strength and the high tenperature strength was used as an i ndex. The
mechani cal strength of the wire was easily #8ceptible to the influences of
I nt ermedi ate anneal i ng and greatly changed by refining annealing at the

final wire ,su-a-mfm. s s 2 PGS ot
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wire was evaluated in termof the mean value of the pull strength neasured

for 100 w res.

The jig was noved in paral | el

at a position

spaced apart by 3 [err]mon the el ectrode of the sem conductor device

simlarly fixed so as to cause shear fractupg of the bonded ball,
load at the tine of this fracture was eval uated by the
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measured by a projector. The wire bend was expressed by a nmean val ue of

ei ghty wres. The wire flow after resin nolding was neasured in the
following way. First, wire bonding was nade so that a wire span of 4.5 mMm
coul d be obtained, and the seni conductor deviage_was then nounted to a | ead
frame. After this the lead frane was nol ded into an epoxy resin using a

nol di ng apparatus, the inside of this resin nol ded seni conductor_devi ce was
X-ray phot ogfaghed gsiing 4 dof -ray t qudt | IInspekt foh qppar at us.
The flow quaheiZy ofl tlhg Hdorftijon| af i i rle s| mpxi was
nmeasured for testigi|@des o > 13 oflBe of d (®allBgd Wi re
bend, and th oti gnt] (jpgr ce e) pb by di Wi he fe | ue of
the flow quaj8ily by tihd dpdn { engf hf wi iindd {ag re tl ter
resin nol di ngE-= et e+ 5 itotrerd et | d-
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center of the ball bonding portion, and corrosion of the layer of gold and
the alum numinternetallic conpound grown on the bonding interface was
observed. The internetallic conpound |ayer was gray in color. Since the
conpound | ayer which was corroded was brown, it could be easily

di stingui shed. The progress of corrosion of*t¥e <4 nternetal lic conmpound at

the ball bondikg-pp+t Fomefp
above. The prdgrless of jcoyrpsi
| ength (b) of Xifon
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havi ng the prqpo
illustrate thg eva onj r
usi ng the constiku dnpb
6 illustrate tlhe e tion
addi ti on anmounts} o ekth
in Table 2 andgiidh icpor
is restricted figq t difi
i mproved. On tjkef™d hapd
anount of the mdh? tihies
Exanples 1 to i? f ect
«~N
égulallllttéllaun:ﬂal"‘nl‘“s"
g
~N
ﬁglllllllléllllllllgmglml"
o
2
g'u ™ ) njejn 0w~
sqlllllllllc-llllll_.l__‘l
o
‘é
™~
Slfofefsfoferrfrigi e ostrmyede e Rl 04 il TN b L
g o
Ué‘,untlnuullélluluwgl"'ﬁ"‘u‘“”
()]
31uutlitléllllgslﬁﬁ‘“g““m“
™
mipvholafopapufad stopalafofQpeprprfefrgspogrjrge -
o ~ o o
ftfepedrprprjefstetodsjatipalsdrjoiiiQlatit) s
NICSINIQIS|ICIoIC ||l iIcio|o(o|oiISIQIDIOIQ Qe
= R - R A - R A N I L I I LR R L I Ll [l L
=)o =t i
™
o (-, NI |-
n o ol bl 0l Kl b I I B A =1 A B 1 B M e e A B
-1
A = o
a8 |«
2 e
&
" g ig
k3 s
23 a %
o2 U n




- 17 - Conparative Exanples 6 and 7 wherein Mh was added in a greater

anount than the range of the present invention, the shape of the ball was

not desirable. As to the-evaluation of the ball shape, the conponents

within the range of the present invention coyld_ formthe normal balls (see

Tables 2 and 4) in all cases, but when the conponents of Table 5 were used
i L

in greater anpupnts.t the range. o £l S e G O }
failed to hafe Berfett [sphdrifci ih ko S anb shii pkqgg gorles
occurred at tigedtip pflthe n pt he qe I s jbgl ijeMed t ha
there is no Jeo@l em | k| wha 1 (e e ode |eepsio 50|81 iR {PHE KR | of
25[err]mthi|§ ol d- gl oy Wi The §h r | nj TRbjef2|and {Tdblje B &l |
satisfiedtheg\fglue pf {atf Ije D pf o] of | thefwir¢s i Tabj ef 6] had
a val ue | ess Fhgr5tTots Ve S ST T Tl e T tTje I nj
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reflectlng t he neck strength and the neck strength was inproved in the thin
gold-alloy wires to which a suitable anpunt of the second group el ements(s)
was added. Breakage was not observed during the drawi ng process in the
case of the thin gold-alloy wires containing a suitable anmount of the first
group elenments, and in"the case of the thin wires containing the other

el ement groups in conbination, too, the #eg®anical strength was inproved
and draw ng was easy. In the thin gold-alloy wires containing a
sui t abl e anpbunt of the second group elenent(s), the strength difference

bet ween the hi gh teffpodustriait Appdicakddityy normal strength was as smal

as about 1 0f. the jfgh- thEStRLANGE1MAR1T6PPWISH pdtiikd iy id Gulfd OV after

resin nol di ng coul d be, reduce end Was
general | y | ow BR@sent *@gﬂm‘iﬂﬁslﬁxh‘éﬁ'ﬂenFm’-'KﬂGﬁ@ﬂother"éW tincametallic

gol d- al | oy mnreamgeﬁﬁﬂdaﬁgthé Bbﬂdﬁﬁoitaﬁﬁ Eaﬁfhhh%dﬁ' '

e
exhibited a w bel ow t.he wire di anete and the [inear
property of th gg%m?ﬂ Bﬁﬂ \mils| 883#31:5‘8‘3 whers: § rWéH goidalkop
| oop hei ght, twﬁrehia bonded to the electrode portion on the

saniconductor device and is then resin-molded, and high
reliability of the bond portion can be obtained in
consequence. Because the reduction of the wire bend and
the wire flow at the time of resin molding and high
looping can be simultaneously accomplished, the present
invention can provide the thin gold-alloy wire capable of

coping with high density packaging of the semiconductor
devices.




gold-alloy wires according to clains 6 and 7 of the present invention had a
‘1 oop height of not smaller than 200 [err] mand variance of the |oop height,
too, could be limted to a | ow level. Accordingly, a HhihigShdeQneBRGIRGN 50Ul d
. be attained easily and stably. In the thin gold-al IR

sui t abl e anbunt of M 'was al one added, t\r;\g changes of \/’M RO i
such as the strength and the | oop shape” ﬁé'snall. I t O !
however, that nore excellent properties could be obtained in the mechani cal
characteristics and the bondi ng characgﬁﬂtgﬁécs by addi ng each el enent
group according to the present inventi om. coul d be understood fromthe

resul ts tabul ated *n Tabl ehén goddradloyhwiznm Lon fe sAMLEANIHCERRi ti on was

out of the raigeiee h&¢ih§ ekchillentolori®sions rdsivtancWpoiend sefs t he
pr esent |nvent|fn,, hi bi,t i on eé%ﬁft of the characterlsH%gﬁPdescrlbed

he e
above was snﬁ??,dﬁ%;igxtwiﬁﬂeFPEiPy’ COnpCHor device yhif for the
bal | shape, apésifemshdedkageaphigh wemperatimre awhilth doptisesl S0 tde

bal 1. 3000 ppm by weight of Mn with the balance comprising gold
and unavoidable impurities.

2. A thin gold-alloy wire for a semiconductox
device according to claim 1, wherein the content of Mn is
50 to 100 ppm by weight.

3. A thin gold-alloy wire for a semiconductor
device according to claim i, wherein further the content
of at least one member selected from the group consisting
of Be and B is 1 to 20 ppm by weight in total.

4. A thin gold-alloy wire for a semiconductor
device according to claim 1, wherein further the content
of at least one member selected from the group consisting
of Ca, Sr and rare earth elaments is 1 to 30 ppm by
weight in total.

S. A thin gold-alloy wire for a semiconductor
device according toc claim 3, wherein further the content
of at least one member selected from the group consisting
of Ca, Sr and rare earth elements is contained within a
range of 1 to 30 ppm by weight in total.

6. A thin gold-alloy wire for a semiconductor
device according to claim 4, wherein further the content
of at least one member selected from the group consisting
of In and Tt is 1 to 50 ppm by weight in total.

7. A thin gold-alloy wire for a semiconductor
device accoxding to claim 5, wherein further the content
of at least one member selected from the group consisting
of In and T¢ is 1 to 50 ppm by weight in total.

A
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5 This Sheet Has Been R
e AW
Thin Gold-Alloy Wire for Semiconductor Device

This invention provides a thin gold-alloy wire for a
saniconductor device capable of improving long term
reliability of bonding with an electrode and capable of
simultaneocusly accomplishing reduction of a wire bend and
wire flow at the time of resin molding and high looping.

The thin gold-alloy wire contains 50 to 3000 ppm by
weight of Mn and the balance comprising gold and
unavoidable impurities. PFurther, the thin gold-alloy
wire comprises any of the following combinations @, @,
P+ D+Qand QD + @ + @ when elament groups to be
added are classified into the following groups Q to Q :

Q 1 to 20 ppm by weight in total of at least one

of Be and B;

@ 1 to 30 ppm by weight in total of at least one

of Ca, Sr and rare earth elements; and

Q 1 to 50 ppm by weight in total of at least one

of In and T¢.

The thin gold-alloy wire according to the present
invention has high bonding reliability at the band
portion with the electrode on a semiconductor device and
can be packaged with high density semiconductor devices.



- 25 - [I ndustrial Applicability] When t he tihiREPHACEMENT GHERYT
according to the present invention is used, corrosion the q%qﬁﬂnﬁﬁﬁll
conpound at the bond portion can be suppressed even undebzatzhe.hi-ghe.oeee
tenperature condition where the thin gold oy. Wi r

el ectrode portion on the sem conductor devépb‘éﬁﬁegﬁe 99 [gﬁﬁg»and
high reliability of the bond portion can be obtained in consequence.

Because the reduction of the wire bend End Ehe wire flow at the time of
resin nol ding and high | ooping can b aneously acconplished, the

present invention can provide the thin gold-alloy wre capable of coping
W th high density packagmi Gb1d-AR1GLE Wire HdiCSaiicoaMictos Device

This invention provides a thin geld-alloy wire for a
seniconductor device capable of improving long texm
raliability of bonding with an electrode and capahla of
simultanecusly accomplishing reduction ¢of & wire bend and
wire flow at the time of resin molding and high looping.

The thin gold-alloy wire contains 50 to 3000 ppm by
weight of Mn and the balance comprising gold and

./ unavoidable impurities. Further, the thin gold-allay
wire comprises any of the following combinations Q, @
D+ D+Qand QP + Q@ + @ whan element gzoups to be
added ars classified into the following groups Q ta Q :
< 1 to 20 ppm by weight in total of at least one
of Be and B;

Q 1 to 30 ppm by weight in total of at least one

of Ca, Sr and rare earth elements; and

S 1 to 50 ppm by weight in total of at least one

of In and T¢.

The thin gold-alloy wire accoxding to the present
inventicn has high bonding reliability at the bond
portion with the electrode on 2 semiconductor device and

-/ can be packaged with high density semiconductox davices.

(Figure 1)



- 26 - - CLAI M5 1. Athin gold-alloy wre for a{&gm&ggﬂggtm@@e’v ce
whi ch conprises: 50 to 3000 ppm by weight of Mh. Zjto 3 pm by vvelg‘t I n
total of at |east one nenber selected froma grodam@ngg Sr

and rare earth element, 1 to 50 ppm by weight in i=et=s ne

menber sel ectd froma group consisti ”gsﬂﬁs{rﬂnﬁ%em mmgﬁ,lfggmd
unavoi dabl e inpurities.
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CLAIMS

1. A thin gold-alloy wire for a smxconduaor device
which comprises:

50 to 3000 ppm by weight of Mn,

1 to 30 ppm by weight in total of at least one member

selected from a group cousisting of Ca, Scr and rare
earth element,

1to50ppmbywexghtmwtalofatlcastonememba
selected from a group consisting of In and T1,

balance gold and unavoidable impurities.



