Bonding wire for semiconductor devices

BACKGROUND OF THE INVENTION

(a) Fietd of the invention
The present invention ralates to a bonding wire and, more particularly, to a bonding
wire for semiconductor devices, and a light-emitting diode (LED) package using the
same, in which stiver (Ag) is used as a chief ingredient.

(b} Description of the Related Art
A bonding wire is a metal line for electrically connecting an IC chip or an LED chip
and a lzad frame, and is generally made of gold (Au).
in order to reduce costs when bonding wires are fabricated, because of a sudden
rise of the recent worldwide gold (Au) price, attempis have been made to use copper
(Cuj wires or copper {Cu} wires on which palladium {Pd} is coated for the bonding -
wires. Some manufacturers mass-produce the copper (Cu} wires, but continued re-
search is being done on an alloy wire based on gold (Au) because the characteris-
tiﬁs of copper {Cu) do not amount to those of the goid (Au).
Research is being done on a gold (Au)-silver (Ag) alloy wire as an alloy wire based
on goid {Au). The gold (Au)-silver (Ag) alioy wire has an advantage in that cosis can
be reduéed because silver (Ag) (i.e., an ailoy element) having excelient electrical
conductivity and gold (Au) form a compiete soléﬂd solution,
However, there is 2 limit to the reduction of costs bacause a large amount of goid
(Au) is contained in the gold (Au)-siiver {Ag} alloy wire. Furthermore, the cooper

wires and the cooper wires coated with palladium (Pd) cannot be used in an LED
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package because reflectivity, that is, the most important function of an LED is deteriorated.
Accordingly, there is an urgent need for the development of a bonding wire made of a new
material having excellent reliability and reflectivity characteristics while having a cost reduction

effect.

SUMMARY OF THE INVENTION

The present invention has been made in an effort to provide a bonding wire for semiconductor
devices and an LED package using the same, in which silver (Ag) is used as a chief ingredient
having an advantage of providing an alloy bonding wire that is reliable and able to replace a
conventional gold (Au) alloy bonding wire. Ancther embodiment of the present invention
provides an LED package to which a silver (Ag) alloy bonding wire capable of preventing surface
discoloration inherent in a silver {Au) alloy wire and a high short ratio upon fabrication is applied.
An exemplary embodiment of the present invention provides a bonding wire for semiconductor
devices including at least one selected from a group consisting of zinc (Zn) at 5x10° wt% to 10
wi% and tin (Sn), and nickel (Ni} at 0.01 wt% to 0.05 wt%, and the remainder including silver
(Ag).

The bonding wire may further include at least one selected from a group consisting of copper
{Cu), platinum (Pt}, rhodium (Rh), osmium {Os), gold (Au), and palladium (Pd) at 0.03 wt% to 10
wi%.

The bonding wire may further include at least one selected from a group consisting of beryllium
(Be), caicium (Ca), magnesium (Mg), barium (Ba), lanthanum (La), cerium (Ce), and vyitrium (Y)
at 3 ppm to 5 wi%.

A light emitting diode (LED) package according to another exemplary embodiment of the present

invention includes an LED chip, a lead frame for supplying power {o the
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LED chip, and a bonding wire for connecting the LED chip and the lead frame, wherein the
bonding wire is the bonding wire for semiconducior devices.
A method of manufacturing a bonding wire for semiconductor devices according to another
exemplary embodiment of the present invention includes the steps of: pouring a silver {(Ag) alloy,
including at least one selected from a group consisting of zinc (Zn) and tin (Sn) at 5x10° wit% to
10 wi%, and nickel (NI} at 0.01 wt% to 0.05 wi% and a remainder including silver (Ag), into a
mold and melting the silver (Ag) alloy; continuously casting the melted silver (Ag) alloy; and
drawing the continuously casted silver (Ag) alioy.
in the method of manufacturing a bonding wire for semiconductor devices, the silver {Ag) alloy
may further include at least one selected from a group consisting of copper (Cu), platinum (P1),
rhodium (Rh), osmium (Os), gold (Au), and palladium (Pd) at 0.03 wt% to 10 wi%.
In the method of manufacturing a bonding wire for semicenductor devices, the silver (Ag) alloy
may further include at least one selected from a group consisting of beryliium (Be), caicium (Ca),
magnesium (Mg}, barium (Ba), lanthanum (La), cerium (Ce), and yttrium (Y) at 3 ppm to 5 wt%.
The method of manufacturing a bonding wire for semiconductor devices may further include the
step of performing a softening heat treatment on the drawn siiver (Ag) alloy.
According to the bonding wire for semiconductor devices of the present invention as described
above, a silver (Au) alioy bonding wire that uses silver (Ag) that is cheaper than gold (Au) as a
chief ingredient and can provide high productivity, prevent surface discoloration, and have
excellent reliability and mechanical characteristics by adding alloy atoms to silver (Ag), can be

provided.
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BRIEF DESCRIPTION OF THE DRAWH\EG

FIG. 1 is a diagram schematically showing the structure of an LED package to which a
silver {Ag) alloy bonding wire according to an exemplary embodiment of the present

invenlion is applied.

DETAILED DESCRIPTION OF THE EMBODIMENTS

Merits and characteristics of the present invention énd methods for achieving them will
become more apparent from the following embodiments taken in conjunction with the
accompanying drawings. However, the present invention is not limited fo the disclosed
embodiments, and may be implemented in various ways. The embodiments are pro-
vided o complete the disclosure of the present invention and to allow those having
ordinary skill in the art to ;fuIEy understand the scope of the present invention. The pre-
sent invention is defined by the claims. The same reference numbers will be used
throughout the drawings to refer to the same or like parts,

A bonding wirs for semiconductor devices according to an exemplary embodiment of
the present invention is described in detall below with reference to the accompanying
drawings. For reference, in describing the present invention, a detailed description of
the known functions and constructions will be omitted‘ if it is deemed fo make the gist of
the presant invention unnecessarily vague.

The bonding wire for semiconductor devices according to the exemplary embodiment
of the present invention includes at least one selected from the group consisting of zinc
{(Zn), tin (Sn), and nickel (NI) at 5 ppm o 10 wi%, and the remainder including silver
(Ag} and other inevitabie impurities.

The bonding wire for semiconductor devices may further include at ieast one selected
from the group consisting of copper (Cu), platinum (Pt), rhodium (Rh), osmium (Os),

goid (Au), and palladium (Pd) at 0.03 wit% to 10 wt%.
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The bonding wire for semiconductor devices may further include at least one selecied
from the group consisting of beryilium (Be), calclum (Ca}, magnesium (Mg}, barium
(Ba), lanthanum {La}, cerium (Ce), and ytirium (Y} at 3 ppm to 5 wt%.

The silver (Ag) is a basic material forming the bonding wire according 1o the present
invention, and it may have a degree of purity of 99.99 wi% (four-nine grade) or higher.
The silver (Ag) has excellent electrical conductivity and a face centered cubic (FCC)
structure. The siiver (Ag) can cause a cost reduction effect when & bonding wire is
fabricated because it can replace gold (Au) that is commonly used in a conventional
bending wire,

An alloy ratio of alloy atoms of the bonding wire using silver (Ag} as a chief ingredient
according to the present invention and the characteristics of the atoms are as follows.

First groupn atoms

The atoms of a first group include zinc {(Zn), tiﬁ (Sn), and nickel (Ni). in semiconductor
devices, a silver {Ag) banding wire or a silver {Ag) alloy bonding wire are connected o
the pad of a semiconducter chip. At the fime of bonding, the sitver (Ag) bonding wire or
the silver (Ag) alioy bonding wires may be easily discolored owing te the influence of

- the external environment. The atoms of the first group according o the present inven-
tion have a function of preventiing the surface discoloration.

Various experiments have shown that:the first group atoms have surface discoloration,
low drawability, and low reliability characteristics when the first group atoms are includ-
ed at less than 5 ppm, and have no surface discoloration and excellent drawability and
reliability characteristics when the first group atoms are included at 0.01 to 10 wi%.
Aceordingly, appropriate content of the first element is & ppm to 10 wt%.

Second group atoms

The second group atoms include copper {(Cu), platinum (P}, rhodium (Rh}, osmium

{Os), gold (Au), and palladium {Pd).
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The second group atoms function fo raise the tensiie strength at room temperafure and
ata high temperature and to suppress the bending or deformation of & loop shape,
such as sagging or leaning, after the loop is formed, Furthermore, the second group
atoms function to improve a drawability characteristic, thereby improving productivity.
When an ulra-low loop is formed, the second group atoms funciion 10 increase tenacity
by raising yield strength at a ball neck part. Accordingly, there is an effect that damage
at the ball neck part is reduced or eliminated. Parlicularly, although & bonding wire has
a small diameter, the breakage of the ball neck can be suppressed.

The copper (Cu) has the same FCC crystalline structure as the silver (Ag} and func-
t_ions to improve room temperature and high temperature strength, and particularly
shear strength, and fo refine recrystallized structure.

Furthermore, the copper (Cu) has higher refiability at a high temperature and high hu-
midity than rhodium {Rh) and péitadium {Pd), and a small amount of copper (Cu) may
ameiiora_te the effects of the rhodium {Rh} and palladium (Pd}. I a large amount of
copper {Cu) is added, howe\:/er, an oxidization problem is generated and a pad is dam-
aged because a bonding wire bscomes strong.

The rhodium (Rh) and palladium (Pd) are added in arder to improve the reliabiiity and

| MTBA of the bonding wire, If & large amount of rhodiumm (Rh} and palladium (Pd) is
added, resistance may be increased, a pad may be damaged because a bonding wire
becomes sirong, and the MTBA may be shortened.

The platinum {Pt), together with silver (Ag), forms a complete solid solution and may
supp-xress the deterioration of adhesion strength of a compression ball and an aluminum
pad.

If the second group atoms are added at less than 0.03 wi%, there is no effect. If the
sacond group atoms are added to exceed 10 wi%, a dimpie phenomenon is generated
when a free air ball is formed, making it difficult fo form perfect sphere. Accordingly,

the appropriate content of the second group atoms is 0.03 wit% to 10 wi%.
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Third group atoms

The third group atoms include beryilium (Be), calcium (Ca), magnesium (Mg}, barium
{Ba), lanthanum (La), cerium {Ce), and yttrium (Y}.

The third group atoms are uniformiy distributed over silver (Ag) and solid-solved therein
and generate an interaction of stress in latlices, thereby improving strength af room
temperature. Accordingly, the third group atoms function to improve the tensile
strength of the bonding wire and have an excellent effect in stabilizing a loop shape
and reducing a deviation in loop height.

The beryliium (Ba} and calcium (Cé) deform siiver {Ag) crystal lattices through an en-
hanced solid solution. Accordingly, the beryllium.{Ba) and calclum (Ca) can increase
mechanical strength of the bonding wire, lower the recrystalline temperature of the
banding wire, and increase the height of the loop.

if the third group atoms are added at less than 3 ppm, the above effects are difficult to
obiain. If the third group atoms are addad fo exceed 5 wi%, there is a danger that
breakage may occur at a ball neck part because the tensile strength is reduced. Ac-
cordingly, appropriate content of the third group atoms is 3 ppm {6 5 wt%.

The bending wire for samiconduétar devices according fo the present invention may
include inevitable impurities in addition fo the silver (Ag) and the alloy elements. How-
ever, the impurities do not limit the scope of the presant invention.

An LED package according to another exemplary embodiment of the present invention
may be fabricated using the bonding wire including the first group atoms fo the third
group atoms.

That is, the LED package 100 according to the present invention inciudes an LED chip
10, a lead frame 20 for supplying power to the LED chip, and a bonding wire 50 for
connecting the LED chip 10 and the lead frame 20.

More particularly, referring to FIG, 1, the LED package 100 according to the present

invention includes the lead frame 20 and the LED chip 10 rmounted on the bottom of a
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cavity 30 formed in the lead frame 20. An electrode 40 and an electrode pad on a top
surface of the LED chip 10 are bonded by the bonding wire 50. A fiuorescent sub-
stance 60 is coated on the inside of the cavity 30 and hardened to complete the LED
package 100.

The silver {(Au) alioy bonding wire using silver (Ag) as a chief ingredient according to
the present invention is used as the bonding wire 50.

A method of manufacturing the bonding wire for semiconductor devices according to
ancther exemplary embodiment of the present invention includes the steps of pouring a
silver (Ag) alloy, including at least one selected from the group consisting of zinc (Zn),
tin {Sn), and nickel (Ni) at 5 ppm to 10 wi% and the remainder including sfiver (Ag) and
other inevitable impurities, into a mold and melting the silver (Ag) alloy, continuously
casting a melted silver (Ag) alloy, and then drawing the continuously casted silver (Ag)
alloy.

The sliver (Ag) alloy further inciudes at least one selected from the group consisting of
copper (Cu), platinum (P, rhodium (Rh), osmium {(Os}, gold (Au), and palladium (Pd)
at 0.03 wi% to 10 wit%.

The silver {Ag) alioy further includes at least cne selected from the group consisting of
beryllium (Be), caicium (Ca), magnesium (Mg}, barium (Ba}, lanthanum (La}, cerium
(Ce), and ytirium (Y) at 3 ppm to 5 wt%.

The method of manufacturing the bonding wire for semiconductor devices further in-
cludes the step of performing a softening heat treatment on the drawn silver (Ag) alloy.
The present invention is described in more detail with reference to the method of
manufacturing the bonding wire according io the present invention and the evaiuation
results of physical properties of the manufactured bonding wire.

<Method of manufécturing the.silver {Ag) alloy bonding wire>

The silver (Au) alloy, including zinc (Zn) (i.e., the first group atoms} at 0.01 wi%, gold

(Au) (i.e., the second group atoms) at 0.5 wt%, paliadium (Pd) (i.e., the second group
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atoms) at 0.5 wt%, calcium (Ca) (i.&., the third group atoms) ai 0,005 wi%, and the re-
mainder including silver (Ag) and other inevitable impurities, was poured into 4 mold
and then melted.

The melted silver {Au) alloy was continuously casted, drawn, and then subjected to a
softening heat treattment in order to soften the bonding wire that is hardaned by the
drawing.

In a pressure chamber fest used in order o evaluate reliability of the bonding wire in
the present} invention, chamber conditions included a temperature of 85°C, a pressure
of 2 atmospheres, retfative humidity of 85%, and 5 V for 504 hours or more.

In the conditions, after the bonding wire materials were kept and then evaiuated by
perforining a bali pull test (BPT). At the time of the BPT, a criterion for determining [ift
was thatl breakage was not generated at a ball neck and a ball adhesion part was fiffed
from the pad.

As a result of the test, when the hall iift rate was 0%, it was evaluated as being excel-
lent. When the bali lift rate was higher than 0% to 2% or less, it was evaluaied as be-
ing good, when the ball lift rate was higher than 2% to 5% or less, it was evaluated as
being average, and when the ball iift rate was higher than 5%, it was evaluated as be-
ing defective.

Table 1 shows content of the components of the bonding wire according to the present
invention.

In Table 1 below, No. 1 f¢ No. 71 show experimental examples of tﬁe bonding wires
manufactured according to the present invention, and content of the componenis of
each bonding wire is shown in the table. The unit of content of each component is

weight percent, and content of silver (Ag) refers to the remaining balance (Bal).
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01

. 00
Ba 0. 0.
85
i 05 05
Ba 0. 0.
66
i 10 1
Ba 0. 0.
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Ba 1.
B8 1
i 00
0.
Ba 0. 0.
69 00
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5
Ba Q. 0.
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L 4 03 5

in Table 1, Experimental Exampies 1 to 8 show bonding wires manufactured by chang-

ing the zinc (Zn) (i.e., the first group atoms) content, Experimental Examples ¢ to 16

show bonding wires manufactured by changing tin (3n) {i.e., the first group atoms) con-

tent, and Experimental Examples 17 to 24 show bonding wires manufactured by
cha.nging nickel (NE).

Furthermore, Experimental Examples 25 to 31 show bonding wires manufactured by
changing copper (Cu) (i.e., the second group afoms} content, Experimental Examples

32 and 33 show bonding wires manufactured by changing platinum (Pt) (i.e., the se-.
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cond group atoms! content, Experimental Examples 34 and 35 show bonding wires
manufactured by adding rhodium {Rh) and osmium (Os) (i.e., the second group atoms},
respectively, Experimental Examples 36 to 38 show bonding wires manufactured by
changing gold (Au) {i.e., the second group atoms) content, and Experimental Examples
39 to 45 show bonding wires manufactured by changing palladium {Pd} {i.e., the se-
vond group atoms) contant.

Experimental Example 46 show a bonding wire manufactured by adding berytium (Be)
{i.e., the third group atoms), Experimental Examplas 47 to 50 show bonding wires
manufactured by changing calcium (Ca) {(i.e., the third group atoms) content, and Ex-
perimental Examples 51 to 55 show bonding wires manufactured by adding magnesi-
um (Mg}, barium (Ba), lanthanum {La}, cerium (Ce), and yitrium (Y} (i.e., the third group
atoms), respectively.

Experimental Examples 58 to 60 show bonding wires manufactured by changing zinc
(Zn) (i.e., the first group atoms) content and copper (Cu) {i.e., second group atoms)
content, Experimental Exampiles 61 to 64 show bonding wires manufactured by chang-
ing tin {Sn) (i.e., the first group atoms) content and gold (Au) {i.e., the second group
atoms) content, and Experimental Examples 85 to 68 show bonding wires manufac-
tured by changing nickel (Ni) (i.e., the first group atoms) content and palladium (Pd)
(i.e.. the second group atoms) content.

Experimental Example 69 shows a bonding wire including zinc (Zn) {i.e., the first group
atoms) conient, gold (Au} and palladium {Pd) {i.e., the second gmu—p atoms), and calci-
um (Ca) (i.e., the third group atoms). Experimental Example 70 shows a bonding wire
including nickei {(Ni) (i.e., the first group atoms), gold (Au) and palladium {Pd) (i.e., the
second group atoms), and yitrium (Y) {i.e., the third group atoms}. Expetimental Ex-
ample 71 shows a bonding wire including tin (3n) (i.e., the first group atoms), copper
(Cu), gold (Au), and palladium (Pd) (i.e., the second group aiems), and cerium (Ce)

(i.e., the third group atoms).
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cium (Ca){i.e., the third group atoms). Experimental Example 70 shows a bonding

wire including nickel (Ni) {i.e., the first group atoms), goid (Au) and paliadium (Pd) (i.e,

the second group atoms), and yttrium (Y) (i.e., the third group atoms). Experimental

Example 71 shows a bonding wire including tin (Sn) (i.e., the first group atoms), copper

(Cu), gold (Au), and palladium (Pd) {i.e., the second group atoms), and cerium {Ce}

(i.e,, the third group aloms).

Table 2 baiow shows the evaluation resulis of physical characteristics of the bonding

wires according to the present invention shown in Table 1,

[Table 2]
Surfa Tensile | Resistivi | Drawabili | Hardne | Shelf
FAB Ball pull test
ce sirength ty ty S5 e
No. | discol | Befor
After | Reliabi
oratio | shape & {g) (uom) (Hv) i (day)
PCT | ity
f PCT
11 A FAN 7.5 1.8 X 13.5 1.7 1.6 683 32
2 © FaY 2] 2 X 13.8 i.7 0.06 64 256
3 © JAN 8.5 8.4 © 14 1.7 0.06 54 256
4 @) A 8.6 82| © 14.5 1.8 8.05 65 256
51 ® A 167 94| © | 457 | 22 0.05 65 | 256
4] © A 10.2 | 8.5 © 18 2.8 0.05 66 256
7 ay X 125 1 8.4 AN 23 4.7 1.8 B0 32
8 A% A 12.8 1 8.3 AN 28 5 18 80 32
8 A A 7 1.5 X 12 1.7 1.8 63 32
10 © Fay 8.2 1.9 X 12.5 1.7 .08 64 256
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57 © O 11051016 X 14.3 1.7 1.68 63 128
58 © Lo 112 ) 27 X 16.3 1.7 0.03 65 128
59 © A 112 27 X 153 1.7 0.03 66 128
60 o A 113 27 X 155 1.9 0.03 66 128
61 A (1031 8.3 @ 14 1.7 1.9 65 32
62 © TN 11 9.8 © 15 1.7 1.9 66 256
83 © A 119 1107 © 17 3 2 68 256
64 @) A 13 12 © 21 4.7 3 72 256
65 © A0 1109 | 96 © 16.7 1.7 0.12 64 128
66 @) Fa 11 8.9 © 17.2 1.7 0.17 64 256
67 © A 0113 1102 © 17.8 2 0.19 .67 256
68 o A ] 118 1105 © 18.5 2.8 0.2 89 256
69 @ N 1107 ] 96 © 15.2 1.8 2.3 65 128
70 © A | 112 1102 © 158 3 1.9 67 256
71 © A 1108 0.8 © 16.4 1.8 2.2 66 128

In Table 2, surface discoloration is the result measured based on the reflectivity of the

wire, wherein © indicated an excellent state, © is a good stale, A is a normal state, and

X is & bad state.

FAB is an abbreviation of a free air ball. A circular FAB for performing ball bonding can

be formed at the wire tail at the capiliary tip by using EFO discharge after secondary
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High humidity reliability is indicated by adhesion strength (a BPT vaiue} in & pressurs
cooker test {(PCT).

The silver {Ag} alloy wire had a diameter of 30 um, and the PCT was performed ai
121°C for about 96 hours.

In reliability of adhesion strength, © indicates an excellent state, o indicates a quite

excellent state, A indicates a normal siate, and X indicates a bad state.

Processability was measured by the number of disconnected wires per 1 km of the
 silver {Ag) alloy wire. Processability has a better characteristic according to a reduction
in the value.

In & shelf iife test, the fime that it teok for 2 100 nm thick oxide layer to be formed in the
silver (Ag) alioy wire was indicated by a date. The shelf iife test has a better character-
istic according to an inc;rease‘in the value.

From Tabies 1 1o 2, it can be seen that zinc {Zn), tin (Sn), and nicke! (Ni} content (i.e.,
the first addition components) influences the surface discoloration of the silver (Ag)
alloy wire in Experimental Examples 1 o 24.

It can be seen that in Experimental Examples 1 fo 24, the silver {Ag) alloy wire has
excellent sur?acé discoloration, drawability, and refiabiiity in zinc (Zn), tin (&n), and
nicke! (Ni} content at 0.01 o 10 wi%, and the FAB shape characteristic is influenced
with zinc (Zn), tin (3n), and nicke! (Ni) content of 5 wt% or highet.

it can be seen that in Experimental Examples 25 to 31, copper (Cu) conient {i.e., the
second group components; influences the surface discoloration of the silver (Ag) alioy
wire. Wher\ the copper (Cu) content is less Vthan 1%, the surface discoloration of the
silver (Ag) alloy wire has an excelient characteristic. When the copper {Cu) content is
0.1% or higher, an excellant processability characteristic starts fo show.

On the other hand, it can be seen that the reliability and FAB shape of the silver (Ag)

alloy wire are adversely affected.
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{t can be seen that in Experimental Examples 36 to 45, gold {Au) and palladium {Pd)
content {i.e., the second group components) have an excelient effect on the reliability,
and surface discoloration of the silver {Ag) alioy wire with the paliadium (Pd) content
has a better characteristic in terms of processability.

in Experimental Exampiles 51 to 55, magnesium (Mg}, barium {Ba), lanthanum (La)},
cerium {Ce}, and yitrium (Y) (i.e., the third group components) reveal adhesion strength
and drawing characteristics of the silver (Ag) alloy wire.

In Experimental Examples 56 o 60, the-characteristics of an alloy including zinc (Zn)
and copper (Cu) can be known. it can be seen that adhesion strength is increased and
the drawing. characteristic becomes better according 1o an increase of zinc (Zn) and
copper (Cu) content.

In Experimental Examples 61 fo 64, the characteristic of an alloy including tin (Sn) and
goid (Au) can be known, It canbe seen that a drawing characteristic is excellent ac-
cording to a decrease of tin (Sn) and gold (Au} content, and adhesion strength and
shelf life are increased according to an increase of fin (Sn) and gold {Au).

In Experimental Examples 65 to 68, the characieristics of an alioy including nickel (Ni}
and paftadium (Pd) can be known. It can be seen that sfrength is improved according
0 an incfease of nickel (Ni) and palladium (Pd) content, and the drawing characleristic
and strength of paliadium (Pd) are improved.

In Experimental Examples 69 1o 71, the characteristics of a silver (Ag) alloy wire made
of a ternary alloy or more including gold (Au} and paliadium {Pd) can be known. If the
gold (Au) and palladium (Pd) content are increased, adhesion strength and thé drawing
characteristic become excelient, but the elecirical characteristic tends to be decreased.
if gold (Au) and palladium {Pd) are included, reliability is excellent characteristic and
there is an excellent characteristic that the shelf life is increased.

Although the present invention has been described on the basis of the exemplary em-

bodiments of the present invention, a person having ardinary skill in the art fo which the
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present invention pertains will understand thaé the present invention may be imple-
mented in various ways without departing from the technical spirit or the essentia
characteristics of the present invention.

Therefore, it will be understood that the above-described embodiments are illustrative
and not limitative from all aspects. The scope of the present invention is defined by the
appended claims rather than the detailed description, and the present invention should
be construed io cover all modifications or variations induced from the meaning and

scope of the appended claims and their equivalents.



<Description of Symbols>
10: LED chip
30 cavity
50: bonding wire

100 LED package
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20: laad frame
40 aelectrode

B80: fluorescent subsiance



WHAT {S CLAIMED IS:

1. A bonding wire for semiconductor devices, comprising:
at least one selected from a group consisting of zinc (Zn) at 5x10° wi%
to 10 wt% and tin (Sn), and nickel (Ni) at 0.01 wt% to 0.05 wt%; and

a remainder including silver (Ag).

2.  The bonding wire of claim 1, further comprising at ieast one
selected from a group consisting of copper (Cu), platinum (Pt), rhodium (Rh),

esmium {(Os), gold (Au), and palladium (Pd) at 0.03 wt% to 10 wt%.

3. The bonding wire of claim 2, further comprising at least one
selected from a group consisting of berylium (Be), calcium {Ca), magnesium
(Mg), barium (Ba), lanthanum (La), cerium (Ce), and yttrium (Y) at 3%10° wit%

to 5 wi%.

4. Alight emitting diode (LED) package comprising an LED chip, a
lead frame for supplying power fo the LED chip, and a bonding wire for
connecting the LED chip and the lead frame, wherein the bonding wire is a

bonding wire for semiconductor devices according to any one of claims 1 to 3.

5. A method of manufacturing a bonding wire for semiconductor
devices, comprising the steps of;

pouring a silver (Ag) alloy, inciuding at least one selected from a group!



consisting of zinc (Zn) and tin (Sn) at 5x10° wi% to 10 wt%, and nickel (Ni) at
C.01 wt% to 0.05 wt%, and a remainder including silver (Ag), info a mold, and
melting the silver {Ag) alioy;

continuously casting the melted silver (Ag) alloy; and

drawing the continuously casted silver (Ag) alioy.

6. The method of claim 5, wherein the silver (Ag) alloy further
comprises at ieast one selecied from a group consisting of copper (Cu),
platinum (Pt), rhodium (Rh), osmium {Os), gold (Au), and paliadium (Pd) at 0.03

wt% to 10 wit%.

7. The method of claim 5 or €, wherein the silver (Ag) alloy further
comprises af least one selected from a group consisting of beryllium (Be),
calcium (Ca), magnesium (Mg), barium (Ba), lanthanum (La), cerium (Ce), and

yttrium (Y) at 3x10° wt% to 5 wi%.

8.  The method of claim 7, further comprising the step of performing

a softening heat treatment on the drawn silver (Ag) alloy.



