1 Bonding Wre The present invention relates to gold
bonding wires and gold alloys with high strength
suitable for these bonding wires. In the course of
the continuous mniaturization of sem conduct or
conmponents and the associ at &d goal of reducing the
gol d bonding wire dianmeter, increasing demands are
pl aced on the strength f £ i re and the
reliability of the wire %8%%@%5&%%5 (1 oops). Known
met hods include, in particular, doping with el enents
of the second main group of the periodic table
(alkaline earth netals), e.g. with beryllium and _
The pregprtiinysnsien selatentp gad bonding wines rnd goifl @li@yd wish high strength suitable
32(2): 39 (1999) or Yuantao Ning, Gold Bulletin,
for th&¢(b8hding wife8001) . Lant hani des, for exanpl e europi um
and ytterbium are also added as dopi ng el enents. A
problemw th lanthanides is their solubility in the
gold matrix. The poor solubility of |anthanides in the
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second main group, e.g. calcium an increase in
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concentration. Associated with this are negative
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formation,” in the | oop production.
(1999) or Yuantao Ning, Gold Bulletin, 34(3): 77 (2001). Lanthanides, for example europium
and ytterbium, are also added as doping elements. A problem with lanthanides is their solubility
in the gold matrix. The poor solubility of lanthanides in the gold matrix leads to inhomogeneity
and in the least favorable case to rough deposits in the gold chain, in particular with europium
and ytterbium. Instead of an increase in strength, the opposite can also be produced, in that the
doping becomes brittle or the ductility of the wire is impaired. For elements of the second main
group, e.g. calcium, an increase in strength can be achieved with increasing doping

concentration. Associated with this are negative ball-formation properties, so-called “dimple

formation,” in the loop production.

The object of the present invention comprises providing gold alloys with further improved
strength, in which the otherwise advantageous properties of the gold, in particular the noble

character and the high conductivity, are essentially maintained.



The object of the present invention conprises
providing gold alloys with further inproved strength,
in which the otherw se advant ageous properties of the
gold, in particular the noble character and the high
conductivity, are essentialpy mai ntai ned. 2 To solve
this object, gold is alloyed in the ppmrange with at
| east one of the |anthanides, ytterbiumor europium
wi t hout sinultaneously having to take into account
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the gold alloy is formed as a honbgeneous mni xed
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on europiumor ytterbium are avoided. The
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' : ' gold alloys with greater than 99
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physi cal and nmechani cal properties are especially
suitable for bonding wre applications. The deci sive
_factor here is the ability to achieve the previously _
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than 99.9 wt.% gold, whose physical and mechanical properties are especially suitable for

bonding wire applications.

The decisive factor here is the ability to achieve the previously not possible homogeneous
distribution of europium or ytterbium as doping elements in gold through homogeneous master
alloys with doping elements, particularly calcium and europium or ytterbium. In contrast to all
of the other lanthanides, europium and ytterbium exhibit complete solubility in calcium,
according to H. Okomoto and T. B. Massalski, Binary Alloys Phase Diagrams, Metal Park,
Ohio, 44073 (1987). Binary master alloys with calcium and europium, as well as with calcium

and ytterbium, have proven effective.

According to the invention, the gold alloy is thus formed as a homogenous mixed crystal.

Previously unavoidable inclusions of at least one additional phase based on europium or



according to H Ckonoto and T. B. Massal ski, Binary

Al | oys Phase Di agranms, Metal Park, GChio, 44073
(1987). Binary master alloys with cal cium and
europium as well as with calciun1 and ytterbium have
proven effective. According”to the invention, the gold
alloy is thus forned as a honbgenous m xed crystal.
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1000 ppm preferably 2 to 500 ppm particularly 10 to
100 ppm In this way it is possible, in turn, to
produce gold cords and gold bonding wires drawn from
In this wep# is passibde, W tufin, 30 peodyté goldicorts ahth gbld bonding wires drawn from these
significantly above those of corresponding reference

cords With&$rength values ea€lié gnfﬂmﬂ’djy ABIVE thdsBBf BrtpHRTIAY f@‘erence wires.

wires contain, as additional doping addltlves
100 ppmceriumor cerium M sch netal. Mire pr eferred
is the use of 1 to 10 ppmberyllium According to C

i sgRug, B B rpbul S SPHetl SEw ve.

t he honding wire, while maintaining or inproving
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ball formation. The new wire qualities have tensile
strength values of ca. 290 Nmm® at the conparative
el ongation at break val ue of 4% and pull test val ues
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increase in strength in the bonding wire, while maintaining or improving favorable bonding

conditions with respect to loop and ball formation.

The new wire qualities have tensile strength values of ca. 290 N/mm? at the comparative

clongation at break value of 4% and pull test values of the bonded wire loop of ca. 20 ¢N (at a

diameter of 30 um).

In all cases a dimple-free, singed ball (FAB - Free Air Ball) is observed in the bonding process.

(Dimples can negatively affect the joint properties between the ball and substrate).

Example
Production of master alloy on a Au basis with calcium, ytterbium, Ce Misch metal, and Be

doping



In all cases a dinple-free, singed ball (FAB - Free I

Air Ball) is observed in the bonding process.
(Di npl es can negatively affect the joint properties
bet ween the ball and substrat e). Exanple Production
of master alloy on a Au basi's with calcium ytterbium
Ce Msch netal, and Be doping 4 From calcium and
ytterbium initially under vacuum a honbgeneous,
bi nary master alloy is nelted with 50% wei ght percent
ortions, of each. This ster allogy (1) is then )
From gpleibend $ierbiom, injHelpunder yasum. afflpwg?l}ep)ls,danm fgter alloy is
mai n conmponent gold and 0.5 w. % each of cal ci um and
melted iy 3% wieighb gercens poians of aasthi Ehis garister sHey €) isthemdiluted to form
with Be and Ce Msch netal additives, this nmaster
another thasterl alloy €11) with clkkaneith doniponentgoldiands).5 wt.Vheadhafdaleiim and
wire starting material generated in this way has a

ytterbelRR| THpefep Wﬁﬁtahéﬂl{bl?%bl@ imadfer BINGY with He%ind We MRcR RiBtal additives, this
ytterbium 40 ppm M sch netal (Ce-M, and 5 ppm Be.

-h. t.] -mwire (1) drawn fromthe

mastegéfél)@gﬂ?r%&ﬂ{ogﬁ%rg ‘é@?r%?‘ﬁ‘é“%at erial is subjected to

tensile strength testing after continuous annealing

in the tenperature range between 450C and 525C and

conpared wi th correspondi ngly produced wires with
The bonging Wirg STt m@ehgmtatesﬁg thig wax-hayp doping)comentratign of 25 ppm

and Au-Ca-Yb-Ce(M (3), and also with a conventionally
calciupr, 4 ppedyttrbinoiadd ppm Ce Misch metal (Ce-M), and 5 ppm Be.

Strength properties

The 30-pm wire (1) drawn from the above-mentioned starting material is subjected to tensile
strength testing after continuous annealing in the temperature range between 450°C and 525°C
and compared with correspondingly produced wires with varied doping concentrations Au-Ca-
Yb-Ce(M)-Be5 (2) and Au-Ca-Yb-Ce(M) (3), and also with a conventionally produced standard

reference wire Au-Ca-Ce(M) (4).

Figure 1 shows a significantly increased tensile strength at 4% elongation at break of the bonding

wires (1) to (3) produced according to the new method relative to the reference wire (4).

In the former case, the tensile strength lies at ca. 290 N/mm? and in the latter case at 260 N/mm?.

Bonding properties




reference wire Au-Ca-Ce(M (4). Figure 1 shows a
significantly increased tensile strength at 4%

el ongation at break of the bonding wres (1) to (3)
produced according to the new nethod relative to the
reference wire (4). In the forner case, the tensile
strength lies at ca. 290 Nm® and in the latter case
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the stability of the loops is tested by the so-called
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Mcrocircuits, Method 2011.7. Figure 2 shows
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bondi ng wire (1) lies at 22 cN) conpared to 16 cN

for reference wire (4). The new wires al so exhi bit a
significantly reduced proportion of the

In therfrpanr gates theamilL figress kie hefaveen Whaah23 denguhy exmpltesbqudmg wire (1)
reliability of the bond connection. For the wire (1)

lies at@R2 dNjeomparedite 16icN fos referen@2Wire (). Tl ndvhevires alse eehibg a
W re according to (4), it is 97% 6

significantly reduced proportion of the least favorable heel-break mode, which strongly limits the

reliability of the bond connection. For the wire (1) of the example, it is ca. 32% and for the

reference wire according to (4), it is 97%.



Clainms 1. CGold alloy containing 99 w.% preferably

99.9 wt.% gold and 1 to 1000 ppm preferably 10 to
100 ppm calciumand 1 to 1000 ppm preferably 10 to
100 ppm ytterbiumor europiumor a mxture of
ytterbi um and europi um chafacterized in that the gol d
alloy is formed as a honobgeneous m xed crystal. 2.
Met hod for producing a ho eneous, singl e-phase gold
al | oy contai ni ng europi um andf®r  ytterbium
characterized in that europiumor ytterbium or
europi um and ytterbiumare dissolved in gold as a
honogeneous master all oy consisting exclusively of

1. Golddloy gontaameg 92 wt.%, prefetably %2 wt.%, ggld:andd tai 1OOQ ppm, preferably 10
characterized in that the honbgeneous master alloy is

to 10GpprnA) cildimm anddtten 000 pmy, préferdbdy ¢ tot | yeefslifGr\eufopium or a
containing 99.9 w.%gold and 1 to 1000 ppm
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prefierably 10 to 100 ppm ytterbi um or “europi umor a

homog‘%]ﬁaé%)ﬂ{ﬁli)&fd%ttzﬂr bi um and europi um characterized in

€ g alloy is forned as a honogeneous m xed
crystal.

2. Method for producing a homogeneous, single-phase gold alloy containing europium and/or
ytterbium, characterized in that europium or ytterbium or europium and ytterbium are dissolved

in gold as a homogeneous master alloy consisting exclusively of doping elements.

3. Method according to Claim 2, characterized in that the homogeneous master alloy is a calcium

master alloy.

4. Calcium-doped bonding wire containing 99.9 wt.% gold and 1 to 1000 ppm, preferably 10 to
100 ppm, calcium and 1 to 1000 ppm, preferably 10 to 100 ppm ytterbium or europium or a
mixture of ytterbium and europium, characterized in that the gold alloy is formed as a

homogeneous mixed crystal.



