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BONDING WIRE FOR SEMICONDUCTOR DEVICE 

[Technical Field] 

[0001] The present invention relates to a bonding wire 

for a semiconductor device used to connect electrodes on 

semiconductor elements with wiring such as external leads 

of a circuit wiring board. 

[Background Art] 

[0002] Currently, as bonding wires for a semiconductor 

device(hereinafter referred to as bonding wires) for 

bonding electrodes on semiconductor elements with wiring 

such as external leads, fine wires approximately 15 to 50 

fim in wire diameter are mainly used. As a method for 
bonding the bonding wire, a thermosonic bonding process 

is used commonly together with a general-purpose bonding 

machine, a capillary jig adapted to connect a bonding 

wire passed therethrough, and the like. A bonding wire 

bonding process involves heat-melting a wire tip by arc 

heat input, forming a ball by surface tension, pressure-

bonding (hereinafter referred to as ball bonding) the 

ball to an electrode of a semiconductor element heated in 

a range of 150 to 300°C, then forming a loop, and 
pressure-bonding (hereinafter referred to as wedge 
bonding) a wire portion to an electrode on the side of 

the external lead to complete the process. An electrode 

structure made up of an alloy film composed principally 

of A1 and formed on an Si substrate or an electrode 

structure in which the electrode on the side of the 

external lead is plated with Ag or Pd is often used for 

the electrode on the semiconductor element to which the 

bonding wire is bonded. 

[0003] Excellent ball forming property, ball bondability, 

wedge bondability, loop forming property, and the like 

are required of the bonding wire. As a bonding wire 
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material which generally satisfies these performance 

requirements, Au is used mainly. In late years, against 

the background of skyrocketing Au prices, intensive 

development of bonding wires have been going on using 

comparatively inexpensive materials as substitutes for Au. 

Development examples include a bonding wire having a 

structure in which a surface of Cu is coated with Pd. 

This bonding wire features generally improved performance 

achieved mainly by inhibiting oxidation of the Cu, and is 

used in a cutting-edge area of LSI (Large Scale 

Integration). 

[0004] In the future development of bonding wires, there 

is strong demand to accommodate high-density packaging 

resulting from further performance improvement and 

downsizing of semiconductor devices. In the high-density 

packaging, to reduce signal delays among LSI layers, 

fragile low-k materials are sometimes used as interlayer 

insulating materials, often posing a problem of damage to 

semiconductor elements. Because spacing among adjacent 

electrodes is small, making it necessary to reduce the 

wire diameter of the bonding wire, high wedge bondability 

is required of the bonding wire. In order to secure 

electric conductivity with small wire diameter, it is 

desirable that specific resistance of the material used 

for the bonding wire is low. As a bonding wire material 

in such a high-density area, Au is often used because of 

softness, high wedge bondability, and comparatively low 

specific resistance. 

[0005] Attempts are made to use Ag as a bonding wire 

material in order to solve the above problem with high-

density packaging and provide a bonding wire material 

less expensive than Au. Ag, whose Young's modulus (about 

83 x 109 N/m2) is approximately equal to the Young's 

modulus of Au (approximately 80 x 109 N/m2) , and lower 

than the Young's modulus of Cu (approximately 130 x 109 
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N/m2) , is expected to cause less damage in ball bonding 

to fragile semiconductor elements and provide good wedge 

bondability. The specific resistance of Ag (1.6 ̂ iQ-cm) 
at around room temperature is lower than the specific 

resistance of Cu (1.7 jiO-cm) and specific resistance of 

Au (2.2 jiQ-cm) , and thus it is considered that Ag is 
suitable as a bonding wire material in high-density 

packaging from the viewpoint of electric characteristics 

as well. 

[0006] However, the bonding wire made of Ag (hereinafter 

referred to as an Ag bonding wire) has a problem of low 

bonding reliability and low loop stability in high-

density packaging. The bonding reliability evaluation is 

carried out for the purpose of evaluating the life of 

bonds in an operating environment of the actual 

semiconductor device. Generally, high temperature 

storage testing and high temperature high humidity 

testing are used for bonding reliability evaluation. The 

Au bonding wire has a problem of being inferior to a 

bonding wire made of Au (hereinafter referred to as an Au 

bonding wire) in the life of ball bonds in high 

temperature high humidity testing. With high-density 

packaging, small ball bonding is done, decreasing the 

area which contributes to bonding, and thus it is 

increasingly difficult to ensure a long life time. 

[0007] Regarding the loop stability, a failure called a 

spring failure poses a problem. The spring failure is a 

phenomenon in which the loop of bonding wires bends in a 

bonding step, contacting each other and causing a short 

circuit. With high-density packaging, because spacing 

among adjacent bonding wires is small, it is strongly 

desired to prevent spring failures. Spring failures, 

which occur in proportion to decreasing wire strength, 

often poses a problem in high-density packaging, which 

involves reduced wire diameter. 
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[0008] As a method for solving these problems, a 

technique is disclosed for creating an alloy by adding 

various elements to Ag, but balls become harder with 

increases in the concentration of alloy elements, causing 

chip damage during ball bonding. These problems are 

responsible for hindering the spread of Ag bonding wires. 

[0009] Regarding the development of Ag bonding wires for 

the purpose of improving bonding reliability, for example, 

Patent Literature 1 discloses a bonding wire containing 

one or more of Pt, Pd, Cu, Ru, Os, Rh, and Ir for a total 

of 0.1 to 10 wt%, where Pt is contained 10 wt% or less, 

Pd is contained 10 wt% or less, Cu is contained 5 wt% or 

less, Ru is contained 1 wt% or less, Os is contained 1 

wt% or less, Rh is contained 1 wt% or less, and Ir is 

contained 1 wt% or less, with the balance being 

attributable to Ag and incidental impurities. 

[0010] For example, Patent Literature 2 discloses an Ag-

Au-Pd ternary alloy bonding wire for semiconductor 

elements made up of Ag with a purity of 99.99 mass% or 

above, Au with a purity of 99.999 mass% or above, and Pd 

with a purity of 99.99 mass% or above, wherein Au is 

contained 4 to 10 mass%, Pd is contained 2 to 5 mass%, 

and additional oxidizing non-noble metal elements are 

contained 15 to 70 mass ppm and the balance is made up of 

Ag; and the bonding wire is subjected to a thermal 

annealing process before continuous die drawing, 

subjected to thermal refining treatment after the 

continuous die drawing, and used for ball bonding in a 

nitrogen atmosphere. 

[0011] Regarding the development of Ag bonding wires for 

the purpose of improving loop stability, a technique is 

disclosed for controlling tensile strength and 0.2% proof 

stress by thermomechanical treatment. For example, 

Patent Literature 3 discloses a bonding wire whose 

tensile strength measured in a 523K temperature 
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atmosphere after being heated in the temperature 

atmosphere for 15 to 25 seconds is higher than 0.2% proof 

stress measured in a 298K temperature atmosphere. 

[Citation List] 

[Patent Literature] 

[0012] [Patent Literature 1] Japanese Patent Laid-Open No. 

11-288962 

[Patent Literature 2] Japanese Patent Laid-Open No. 2012-

169374 

[Patent Literature 3] Japanese Patent Laid-Open No. 2002-

319597 

[Summary of Invention] 

[Technical Problem] 

[0013] However, the Ag bonding wires disclosed in the 

patent literatures described above cannot meet the 

performance requirements of high-density packaging for 

bonding reliability, spring failure, and chip damage. 

[0014] Regarding high temperature high humidity testing, 

a test known as PCT (Pressure Cooker Test) is used 

commonly, where PCT is conducted under conditions of 

121°C temperature and 100% relative humidity. In late 
years, as a severer evaluation method, a test known as 

HAST (Highly Accelerated temperature and humidity Stress 

Test) has come to be used frequently, where HAST is 

conducted under conditions of 130°C temperature and 85% 

relative humidity. Regarding an operating environment, 

the semiconductor devices for high-density packaging are 

required to operate normally in HAST after an elapse of 

300 hours or more. With Ag bonding wires, the life of 

ball bonds poses a problem in HAST. When Ag bonding 

wires are exposed to a high temperature high humidity 

environment, separation of ball bonds occurs, resulting 

in loss of electrical contact and causing failures of 
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semiconductor devices. Also, with high-density packaging 

smaller than usual balls are often formed and bonded 

(hereinafter referred to as small ball bonding) to 

respond to narrower pitches- When small ball bonding is 

used, stricter bonding reliability is required of bonding 

wires because the area which contributes to bonding 

decreases and the life of bonding tends to become shorter 

[0015] Spring failures often pose a problem in the area 

of high-density packaging, and especially in connecting 

stacked chips used for memory applications. As a method 

for connecting stacked chips using a bonding wire, a 

connection method called reverse bonding is often used, 

in which bonding positions are reversed from normal 

bonding. In a bonding process of reverse bonding, a stud 

bump is formed on an electrode on the chip, then a ball 

portion is bonded to an electrode on the substrate, and 

finally the bonding wire is wedge-bonded onto the stud 

bump. The reverse bonding allows loop height to be kept 

down and enables stable loop control even when the number 

of stacked chips increases, resulting in considerably 

high steps. On the other hand, reverse bonding is prone 

to spring failures. 

[0016] Chip damage is a defective condition which occurs 

especially in a ball bonding step among bonding steps. 

In the area of high-density packaging, along with 

reduction in chip thickness and increases in the number 

of chip layers, low-strength structures are increasingly 

adopted, resulting in growing demand to limit chip damage 

Furthermore, with the small ball bonding which is used in 

high-density packaging, stresses are concentrated during 

bonding, making chip damage prone to occur, and thus it 

is desired to strictly limit chip damage. 

[0017] When conventionally reported Ag bonding wires were 

used in relation to these performance requirements, the 

following problems were found in terms of bonding 
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reliability, spring performance, and chip damage 

performance. Regarding bonding reliability, ball bonding 

was carried out on an A1 electrode, followed by plastic 

molding. Then when HAST was conducted, bonding strength 

of ball bonds fell after an elapse of 150 hours, and 

consequently a life of 300 hours or more required in 

high-density packaging was not available. When a bonding 

interface was observed, void formation was noticed on an 

interface between the Ag bonding wire and A1 electrode. 

It is presumed that this is because part of Ag-Al 

intermetallic compound formed on the bonding interface 

corroded. Regarding spring performance, it was found 

that when reverse bonding was carried out, the loop was 

bent due to strength deficiency of the bonding wire, 

making it difficult to prevent spring failure. Regarding 

chip damage performance, it was found that when small 

ball bonding was done, cracks developed in the chip, 

making the chip unsuitable for practical use. 

[0018] An object of the present invention is to provide a 

bonding wire which can solve the problems with the 

conventional techniques and satisfy bonding reliability, 

spring performance, and chip damage performance required 

in high-density packaging. 

[Solution to Problem] 

[0019] A bonding wire for a semiconductor device 

according to the present invention contains one or more 

of In, Ga, and Cd for a total of 0.05 to 5 at%, and a 

balance being made up of Ag and incidental impurities. 

[Advantageous Effects of Invention] 

[0020] The present invention can satisfy bonding 

reliability, spring performance, and chip damage 

performance required in high-density packaging. 
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[Description of Embodiments] 

[0021] By containing one or more of In, Ga, and Cd for a 

total of 0.05 to 5 at%, with the balance being made up of 

Ag and incidental impurities, the bonding wire for a 

semiconductor device according to the present invention 

can improve bonding reliability required in high-density 

packaging and prevent spring failure. 

[0022] Effectiveness of the bonding wire according to the 

present embodiment in improving bonding reliability will 

be described. When a wire with a wire diameter of 15 to 

25 jam is used, in the case of normal bonding, the bonding 
is carried out by forming a ball whose ball diameter is 

1,7 to 2.0 times the wire diameter. In high-density 

packaging applications, smaller than usual balls with a 

diameter 1,5 to 1.6 times the wire diameter are often 

formed and bonded to respond to narrower pitches. When 

small ball bonding was done using a conventional Ag 

bonding wire and high temperature high humidity testing 

was conducted under conditions of 130°C temperature and 

85% relative humidity, the life of ball bonds was less 

than 150 hours. When the bonding wire according to the 

present embodiment was used, an excellent ball bond life 

of 300 hours or more was achieved. Thus, the bonding 

wire according to the present embodiment meets 

requirements of high-density packaging and can be used in 

high-density packaging. Regarding a bonding condition 

for ball-bonding semiconductor elements of fragile low-k 

materials, to mitigate damage to the semiconductor 

elements, it is necessary to weaken ultrasound compared 

to a usual condition. When this bonding condition was 

used, with the conventional Ag bonding wire, it was 

difficult to obtain sufficient bonding areas and the life 

of ball bonds was less than 100 hours. On the other hand, 

when the bonding wire according to the present embodiment 

was used, a ball bond life of 300 hours or more was 
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achieved, verifying that excellent bonding reliability 

was able to be achieved. It is considered that this is 

because In, Ga, and Cd contained in the bonding wire 

according to the present embodiment inhibited the growth 

of Ag-Al intermetallic compound which could cause 

corrosion on the bonding interfaces of ball bonds. 

[0023] Next, effectiveness of the bonding wire according 

to the present embodiment in inhibiting spring failures 

will be described. When reverse bonding was carried out 

on a device having a structure in which plural 

semiconductor elements were stacked, using a wire with a 

wire diameter of 15 to 25 (am, spring failures occurred 
with the conventional Ag bonding wire. In contrast, the 

bonding wire according to the present embodiment was able 

to inhibit spring failures. The effect of the bonding 

wire according to the present embodiment in inhibiting 

spring failures was confirmed even with a cutting-edge 

high-density package. It is considered that the effect 

of improving spring performance was attributable to 

improvement in the yield strength of the bonding wire. 

[0024] Thus, it was shown that the bonding wire according 

to the present embodiment realizes performance required 

in high-density packaging and cost reduction at the same 

time, allowing itself to substitute for an Au bonding 

wire. 

[0025] A bonding wire containing one or more of In, Ga, 

and Cd for a total of exceeding 5 at% is not suitable for 

practical use because the breaking elongation of the 

bonding wire decreases, creating a defective condition in 

which the bonding wire is broken during wedge bonding. 

That is, to satisfy overall performance required of the 

bonding wire while improving bonding reliability and 

preventing spring failures, it is effective that one or 

more of In, Ga, and Cd contained in the bonding wire are 

0.05 to 5 at% in total. Preferably the concentration is 
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0.1 to 2 at% because then the bonding wire can achieve a 

life of 500 hours in HAST. This is because if the 

hardness of the balls is kept within an appropriate range 

intermetallic compound is formed uniformly on the ball 

bonding interfaces, making it possible to mitigate stress 

concentration due to irregularities which can decrease 

the life of bonding. Furthermore, more preferably the 

concentration is 0.5 to 1 at% because then the bonding 

wire can achieve a life of 1000 hours in HAST. This is 

because if the hardness of the wire portions is kept 

within an appropriate range, a shape called a tail is 

stabilized during wedge bonding, making it possible to 

reduce shape and size variations when balls are formed 

and thereby reduce variations in bonding reliability. 

[0026] An ICP emission spectrophotometer or the like can 

be used for concentration analysis of elements contained 

in the bonding wire. If elements such as oxygen and 

carbon are adsorbed on a surface of the bonding wire, a 

layer of 2 nm may be removed from the surface by 

sputtering or the like before taking concentration 

measurements for analysis. As another method, a method 

which uses acid wash is also useful. Similar methods are 

available for use in the concentration analysis of Ni, Cu 

Rh, Pd, Pt, and Au or Be, B, P, Ca, Y, La, and Ce 

described later. 

[0027] The service life of the bonding wire having the 

above features can be improved if the bonding wire 

further contains one or more of Ni, Cu, Rh, Pd, Pt, and 

Au for a total of 0.01 to 5 at%. 

[0028] If the bonding wire contains In, Ga, Cd, and 

elements having a strong combining power therewith are 

further added in combination, this is effective against 

time degradation. 

[0029] Surfaces of conventional bonding wires adsorb 

sulfur atoms with the passage of time, sometimes 
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resulting in deterioration of performance including ball 

forming property. To inhibit adsorption of sulfur atoms 

by the bonding wire surface, a technique which reduces 

the activity of the bonding wire surface is useful. For 

example, the Ag atoms on the bonding wire surface can be 

substituted with an element having a lower adsorption 

ability for sulfur than Ag. Since In, Ga, and Cd exist 

on the surfaces of the bonding wires, it is considered 

that sulfur resistance can be improved more effectively 

by adding an element having strong combining power for 

these elements. 

[0030] After conducting active studies, the present 

inventors have found that if one or more of Ni, Cu, Rh, 

Pd, Pt, and Au are contained for a total of 0.01 to 5 at%, 

the bonding wire according to the present embodiment can 

improve sulfur resistance as well as the service life of 

the bonding wire. When the concentration is less than 

0.01 at%, the above effect cannot be expected. When the 

concentration exceeds 5 at%, heat input to wire surfaces 

resulting from arc discharges becomes unstable, making 

balls with high sphericity unavailable and thereby making 

the bonding wire unsuitable for practical use. 

Preferably the concentration is 0.5 to 3 at%, which will 

provide a higher effect. This is because variations in 

heat input from arc discharges can be reduced further. 

[0031] If one or more of Be, B, P, Ca, Y, La, and Ce are 

further contained for a total of 10 to 300 at ppm, the 

bonding wire according to the present embodiment can 

correct collapsed shape during ball bonding. 

[0032] The conventional Ag bonding wire, which 

preferentially deforms balls in an application direction 

of ultrasound during ball bonding, may sometimes contact 

an adjacent electrode, causing a short circuit. 

Therefore, it is necessary to reduce anisotropy of ball 

deformation and maintain collapsed shape close to a 
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perfect circle during ball bonding. The anisotropy of 

ball deformation tends to increase with increases in 

grain size, and thus a technique which refines crystal 

grains of ball portions is useful. 

[0033] After conducting active studies, the present 

inventors have found that if one or more of Be, B, P, Ca, 

Y, La, and Ce are contained for a total of 10 to 300 at 

ppm, the bonding wire according to the present embodiment 

can refine ball grains and correct collapsed shape during 

ball bonding. When the concentration is less than 10 at 

ppm, the above effect cannot be expected. When the 

concentration exceeds 300 at ppm, the breaking elongation 

of the bonding wire decreases, and the bonding wire is 

broken during wedge bonding, making the bonding wire 

unsuitable for practical use. Preferably, the 

concentration is 20 to 200 at ppm, which will provide a 

higher effect. This is because this concentration range 

can reduce an imbalance of elements in balls, causing the 

elements to get distributed more uniformly. 

[0034] The bonding wire according to the present 

embodiment can improve wedge bondability if a total 

atomic percent concentration of In, Ga, and Cd in a 

bonding wire surface portion is equal to or larger than 

twice the total atomic percent concentration in a bonding 

wire inner portion. 

[0035] For concentration analysis of a bonding wire in a 

depth direction from the surface, an Auger electron 

spectroscope can be used. First, concentration 

measurements are taken by shaving the surface of the 

bonding wire by sputtering or the like and concentration 

profiles in the depth direction are acquired. The 

elements whose concentration profiles are acquired are Ag, 

In, Ga, Cd, and 0. Along the depth direction from the 

wire surface, a layer extending from a depth of 0 to 10 

nm and a layer extending from a depth of 20 to 30 nm are 
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separated out, an average concentration in each layer is 

found, and the concentration of each element in each 

layer is determined. 

[0036] With wedge bonding, in which bonding wire is 

deformed to secure a bonding area, the softer the surface 

portion of the bonding wire, the easier it is to secure 

the bonding area, providing a higher bonding strength. 

Thus, a technique is useful which concentrates elements 

softer than Ag in the surface portion of the bonding wire 

rather than in inner part of the bonding wire. The inner 

part of the bonding wire is defined to be a layer 

extending in the depth direction of 20 to 30 nm from the 

wire surface while the surface portion of the bonding 

wire is defined to be a layer extending in the depth 

direction of 0 to 10 nm from the wire surface. 

[0037] After conducting active studies, the present 

inventors have found that when the total atomic 

percentage of In, Ga, and Cd in the bonding wire surface 

portion is equal to or larger than twice the total atomic 

percentage in a bonding wire inner portion, a high 

bonding strength is obtained in a wedge bond. That is, 

if Xo-ionm denotes an average concentration of at least one 

or more elements selected from the group consisting of In, 

Ga, and Cd relative to the total of metallic elements in 

the layer extending in the depth direction of 0 to 10 nm 

from the wire surface and X2o-3onm denotes the average 

concentration in the layer extending in the depth 

direction of 20 to 30 nm, the bonding wire provides a 

high bonding strength in the wedge bond when Xo-ionm / X20-

30nm s 2 holds. If Xo-ionm / X20-30nm < 2, the above effect 
cannot be expected. 

[0038] If an average grain size in a section 

perpendicular to a wire axis is 0.2 to 3.5 |xm, the 
bonding wire according to the present embodiment can 

improve feedability of the wire. The wire axis here is 
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an axis passing through a center of the bonding wire and 

parallel to a longitudinal direction. 

[0039] Available methods for exposing the wire section 

include, for example, mechanical polishing and an ion 

etching process. As a method for determining the average 

grain size, for example, electron backscattered 

diffraction (EBSD) can be used. The EBSD method can 

determine a grain boundary by finding a crystal 

misorientation between adjacent measuring points. A 

grain boundary with a misorientation of 15 degrees or 

more was defined as a high angle grain boundary and a 

region surrounded by a high angle grain boundary was 

defined as one crystal grain. The grain size was 

calculated as a diameter, assuming that the area 

calculated using dedicated analysis software belonged to 

a circle. 

[0040] When the bonding wire is used for bonding, the 

bonding wire wound around a cylindrical jig called a 

spool is fed bit by bit. During feeding, because the 

bonding wire is tensioned in a direction parallel to the 

wire axis, there is fear that the bonding wire may get 

deformed, resulting in a reduced wire diameter. To 

prevent this phenomenon, it is necessary to control 

strength against shearing stress acting in a direction 

perpendicular to the wire axis. As a method for 

controlling the strength against the shearing stress, it 

is useful to reduce the grain size in a section 

perpendicular to the wire axis. 

[0041] After conducting active studies, the present 

inventors have found that high feeding performance can be 

obtained if the average grain size in a section 

perpendicular to the wire axis of the bonding wire is 0.2 

to 3.5 (am. More preferably, the average grain size is 

0.4 to 3.0 (.im, which will provide a higher effect. When 

the average grain size exceeds 3.5 |im, the above effect 
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tensile stress. When the average grain size is less than 

0.2 |im, the bonding wire is hardened more than necessary, 
intensifying wear in a contact with the capillary, and 

thus is unsuitable for practical use. 

[0042] In measurement results obtained by measuring 

crystal directions in a section of the bonding wire, if 

an abundance ratio of a crystal direction <100> having an 

angular difference of 15 degrees or less from the 

longitudinal direction of the bonding wire is between 30% 

and 100% (both inclusive) in terms of an area percentage, 

the bonding wire according to the present embodiment can 

further improve the wedge bondability. 

[0043] Regarding wedge bondability, by increasing the 

abundance ratio of the crystal direction <100> having an 

angular difference of 15 degrees or less from the 

longitudinal direction of the bonding wire in a section 

of the bonding wire, deformation of the bond can be 

enhanced, making it possible to obtain high bonding 

strength. To obtain the above effect, it is effective 

that the area of the region having the crystal direction 

<100> with an angular difference of 15 degrees or less 

from the longitudinal direction of the wire occupies 30% 

or more of the total area of the measurement region of 

crystal direction. When the abundance ratio is less than 

30%, the deformation of the bond becomes insufficient, 

making it impossible to obtain a high bonding strength in 

the wedge bond. 

[0044] Available methods for exposing a section of the 

bonding wire include mechanical polishing and an ion 

etching process. The crystal directions in the section 

of the bonding wire can be determined using the EBSD 

method. The abundance ratio of the crystal direction 

<100> with an angular difference of 15 degrees or less 

from the longitudinal direction of the bonding wire can 
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be found by calculating the ratio of the area occupied by 

the region having the crystal direction <100> to the area 

of the measurement region of crystal directions 

determined by EBSD or the like. The measurement region 

is a section which contains the wire axis and is parallel 

to the wire axis, measuring 100 (am or less in the 
longitudinal direction of the wire and extending the 

entire width of the wire (length substantially equal to 

the wire diameter). 

[0045] After conducting active studies, the present 

inventors have found that if an average total atomic 

percentage of at least one or more elements selected from 

the group consisting of In, Ga, and Cd relative to the 

total of metallic elements in a layer extending in the 

depth direction of 0 to 1 nm from the outermost surface 

of the bonding wire according to the present embodiment 

is kept equal to or larger than 1.2 times the average 

total atomic percentage in a layer extending in the depth 

direction of 1 to 10 nm from the outermost surface of the 

bonding wire, the service life of the capillary can be 

improved. 

[0046] There is a problem in that inner part of the 

capillary is worn by friction with the bonding wire 

during feeding of the wire. To deal with the above 

problem, if the strength of the outermost surface of the 

bonding wire is reduced by controlling the composition of 

the outermost surface of the bonding wire to reduce the 

friction between the capillary and the bonding wire, the 

service life of the capillary can be improved. That is, 

if Xo-inm denotes an average concentration of at least one 

or more elements selected from the group consisting of In, 

Ga, and Cd relative to the total of metallic elements in 

the layer extending in the depth direction of 0 to 1 nm 

from the wire surface and Xi-ionm denotes the average 

concentration in the layer extending in the depth 
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direction of 1 to 10 nm, the bonding wire provides an 

excellent service life of the capillary when Xo-inm / Xx-

ionm >1.2 holds. If Xo-inra / Xi-ionm < 1.2, the above effect 
cannot be expected. 

[Examples] 

[0047] Examples will be described in detail below. The 

Ag used as a raw material had a purity of 99.9 at% or 

above and the balance was made up of incidental 

impurities. The In, Ga, Cd, Ni, Cu, Rh, Pd, Pt, Au, Be, 

B, P, Ca, Y, La, and Ce used had a purity of 99,9 at% or 

above with the balance being made up of incidental 

impurities. 

[0048] The Ag alloy used for the bonding wire was 

produced as follows: materials were charged into a 

cylindrically-shaped carbon crucible with a diameter of 3 

to 6 mm, melted by heating to 1080 to 1600°C in vacuum or 
in an inert atmosphere of N2, Ar, or another gas using a 

high-frequency furnace, and then furnace-cooled or air-

cooled. 

[0049] The resulting Ag alloy was processed to a diameter 

of 0.9 to 1.2 mm by a drawing process and then a wire 

with a diameter of 300 to 600 jiim was produced by a 
continuous wire drawing process and the like using a die. 

In so doing, if oxygen or sulfur is adsorbed in the wire 

surface, an acid wash process may be performed using 

hydrochloric acid or the like, Subsequently, by 

repeating intermediate heat treatment at 2 00 to 500°C and 
a wire drawing process, the wire was processed to a final 

wire diameter of 15 to 25 jam. A commercially available 
lubricant was used for wire drawing, and the wire feed 

speed during the wire drawing was 20 to 300 m/min. The 

intermediate heat treatment was carried out in an Ar gas 

atmosphere while sweeping the wire continuously, The 

feed speed of the wire in the intermediate heat treatment 

was 20 to 200 m/min. If the intermediate heat treatment 



- 18 -

at 200 to 500°C is carried out three times or more, the 

concentration of one or more of In, Ga, and Cd in the 

layer extending in the depth direction of 0 to 10 nm can 

be kept higher than the concentration in a layer 

extending in the depth direction of 20 to 30 nm from the 

wire surface. Preferably, the intermediate heat 

treatment temperature is in a range of 200 to 330°C in 

the first time, in a range of 250 to 400°C in the second 

time, and in a range of 350°C to 500°C in the third time 

and later, which will provide higher efficiency. This is 

due to an effect whereby an element added by the heat 

treatment scatters in the surface of the bonding wire. 

Also, if the wire diameter subjected to the intermediate 

heat treatment is 50 to 100 ̂ m or above, the average 
grain size in a section in a direction perpendicular to 

the wire axis can be kept to 0.2 to 3.5 (jm. This is due 
to the effect of being able to control grain growth 

during recrystallization. Furthermore, if the wire feed 

speed during wire drawing is set at 200 to 300 m/min and 

the intermediate heat treatment temperature is set at 200 

to 300°C, the abundance ratio of the crystal direction 
<100> with an angular difference of 15 degrees or less 

from the longitudinal direction of the bonding wire can 

be increased to 30% or above. Note that this technique 

is also useful when the intermediate heat treatment is 

carried out multiple times. 

[0050] Final heat treatment was carried out such that the 

breaking elongation of the wire after the wire drawing 

process would eventually be approximately 9 to 15%. The 

final heat treatment was carried out using a method 

similar to the one used for the intermediate heat 

treatment. The wire feed speed during the final heat 

treatment was 20 to 200 m/min as with the intermediate 

heat treatment. The final heat treatment temperature was 

200 to 600°C and the heat treatment time was 0.2 to 1.0 
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seconds. Here, if an additional heating process is 

carried out after the final heat treatment at 350 to 

500°C for 0.2 to 0.5 seconds, the concentration of one or 
more of In, Ga, and Cd in the layer extending in the 

depth direction of 0 to 10 nm from the wire surface can 

be kept equal to or larger than 1.2 times the 

concentration in the layer extending in the depth 

direction of 1 to 10 nm. 

[0051] Samples for evaluation of bonding reliability were 

created as follows: electrodes were created by forming a 

1.0-|.im-thick A1 film on an Si substrate on a typical 
metal frame, ball-bonded using a commercially available 

wire bonder, and sealed by a commercially available epoxy 

resin. The balls were formed by running N2 + 5%H2 gas at 

a flow rate of 0.4 to 0.6 L/min, and the ball diameter 

was in a range of 1.5 to 1.6 times the wire diameter. 

The bonding reliability in a high temperature high 

humidity environment was determined using an unsaturated 

pressure cooker tester from the bond life of a ball bond 

exposed to a high temperature high humidity environment 

at a temperature of 130°C and relative humidity of 85%. 

By conducting a shear test of the ball bond every 100 

hours, the bond life of the ball bond was defined as the 

time at which the value of the shear strength became 1/3 

the shear strength obtained initially. Before conducting 

the shear test after the high temperature high humidity 

test, the ball bond was exposed by removing resin by acid 

treatment. As a shear tester, a bond tester made by DAGE 

Co., Ltd. was used. As the value of shear strength, an 

average value of measured values of ball bonds at ten 

locations selected at random was used. In the above 

evaluation, when the bond life was shorter than 300 hours, 

a triangle mark was given by judging that there was a 

problem in practical use, when the bond life was equal to 

or longer than 300 hours and shorter than 500 hours, a 
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single circle mark was given by judging that there was no 

problem in practical use, when the bond life was equal to 

or longer than 500 hours, a double circle mark was given 

by judging that this was a very good result, and when the 

bond life was equal to or longer than 1000 hours, a star 

mark was given. 

[0052] Samples for evaluation of spring performance were 

created by carrying out reverse bonding using a 

commercially available wire bonder on stud bumps formed 

on electrodes on semiconductor elements, where the 

reverse bonding is a bonding method which carries out 

wedge bonding. Regarding bonding conditions, the loop 

length was 3.0 mm and loop height was 0.13 mm. Loop 

portions of 200 bonding wires after bonding were observed 

under an optical microscope and any point where adjacent 

bonding wires were in contact with each other was judged 

to be defective. When there were five or more defects, a 

triangle mark was given by judging that there was a 

problem in practical use, when there were one to four 

defects, a single circle mark was given by judging that 
there was no problem in practical use, and when there was 

no defect, a double circle mark was given by judging that 

this was a very good result. 

[0053] Chip damage performance was evaluated as follows: 

electrodes were created by forming a 1.0-j.im-thick A1 film 
on an Si substrate and ball-bonded using a commercially 

available wire bonder, and the Si substrate right under 

the ball bonds was observed under an optical microscope. 

Any spot on the Si substrate at which cracks were found 

was judged to be defective. One hundred spots were 

observed, and when there were one or more defects, a 

triangle mark was given by judging that there was a 

problem in practical use, and when there was no defect, a 

single circle mark was given by judging that this was a 

very good result. 
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[0054] The service life of the bonding wire was evaluated 

as follows: bonding was carried out after the bonding 

wire was left to stand in a standard air atmosphere for a 

predetermined period of time, and then evaluations were 

made as to whether good balls were formed and whether 

ball bonds and wedge bonds were in good bonding state. 

One hundred balls were observed under an optical 

microscope, and when there were five or more balls with 

low sphericity or surface irregularities, the ball 

formation was judged to be defective. Regarding ball 

formation conditions, N2 + 5%H2 gas was used at a flow 

rate of 0.4 to 0.6 L/min and the diameter of the ball was 

in a range of 1.5 to 1.6 times the wire diameter. To 

judge whether the ball bonds and wedge bonds were in good 

bonding state, bonding was carried out 1000 times 

continuously using a commercially available wire bonder. 

The ball bonds and wedge bonds were observed under an 

optical microscope, and when defects such as separation 

were found in three or more bonds, the bonding wire was 

judged to be defective. When any of the above defects 

occurred during a standing period of shorter than 12 

months, a triangle mark was given by judging that there 

was a problem in practical use, when a defect occurred 

during a standing period of longer than 12 months and 

shorter than 18 months, a single circle mark was given by 

judging that there was no problem in practical use, when 

a defect occurred during a standing period of longer than 

18 months and shorter than 24 months, a double circle 

mark was given by judging that this was a good result, 

and when no defect occurred during a standing period of 

longer than 24 months, a star mark was given by judging 

that this was a very good result. 

[0055] Collapsed shapes of balls were evaluated as 

follows: electrodes were created by forming a 1.0-f.im-
thick Al film on an Si substrate, ball-bonded using a 
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commercially available wire bonder, and observed from 

directly above using an optical microscope. Collapsed 

shapes of balls were judged as follows: a collapsed shape 

close to a circular shape was judged to be good and a 

collapsed shape oval or flowery was judged to be 

defective. One hundred ball bonds were observed under an 

optical microscope, and when there were five or more 

defective bonds, a triangle mark was given by judging 

that there was a problem in practical use, when there 

were one to four defective bonds, a single circle mark 

was given by judging that there was no problem in 

practical use, and when there was no defective bond, a 

double circle mark was given by judging that this was a 

very good result. 

[0056] Wedge bondability was evaluated as follows: wedge 

bonding was carried out by a commercially available wire 

bonder using an Ag-plated typical metal frame and wedge 

bonds were observed. Regarding bonding conditions, 

commonly used bonding conditions were used. Fifty wedge 

bonds were observed under an optical microscope, and when 

there was separation of the bonding wire on five or more 

bonds, a triangle mark was given by judging that there 

was a problem in practical use, when there was separation 

on three to four bonds, a single circle mark was given by 

judging that there was no problem in practical use, when 

there was separation on one to two bonds, a double circle 

mark was given by judging that this was a good result, 

and when there was no defective bond, a star mark was 

given by judging that this was a very good result. 

[0057] Bonding wire feeding performance was evaluated as 

follows: bonding was carried out under typical bonding 

conditions, then loop portions of the bonding wires were 

observed under a scanning microscope, the diameters were 

measured, and a decrease ratio of the diameter with 

respect to the bonding wire before the bonding was 
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determined. Any bonding wire with a decrease ratio of 

80% or less was judged to be defective. Thirty bonding 

wires were observed, and when there were five or more 

defective bonding wires, a triangle mark was given by 

judging that there was a problem in practical use, when 

there were three or four defective bonding wires, a 

single circle mark was given by judging that there was no 

problem in practical use, when there were one to two 

defective bonding wires, a double circle mark was given 

by judging that this was a good result, and when there 

was no defective bonding wire, a star mark was given by 

judging that this was a very good result. 

[0058] The service life of a capillary was evaluated 

based on the wear amount of the hole at the tip of the 

capillary by observing the hole at the tip of the 

capillary before and after use. Typical bonding 

conditions were used. If there was no wear when the 

capillary was observed after bonding of the bonding wire 

was carried out 3000 times, a single circle mark was 

given by judging that there was no problem in practical 

use, and if there was no wear when the capillary was 

observed after bonding was carried out 10000 times, a 

double circle mark was given by judging that this was a 

good result. 

[0059] Table 1-1 to Table 1-10 show examples describing 

features such as the compositions of the bonding wires 

according to the present invention as well as describing 

evaluation results of the respective bonding wires. 

Table 2-1 and Table 2-2 show comparative examples. 

[0060] A bonding wire according to claim 1 corresponds to 

Nos. 1 to 188, which, it was confirmed, satisfied the 

bonding reliability, spring performance, and chip damage 

performance required in high-density packaging. In 

contrast, as shown in Nos. 1 to 7 according to the 

comparative examples, it was confirmed that when the 
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concentrations of In, Ga, and Cd were out of the range 

described above, sufficient effects were not available. 

A bonding wire according to claim 2 corresponds to Nos. 

31 to 94, 123 to 127, 131 to 135, 140 to 144, 148 to 152, 

156 to 160, 164 to 168, 173 to 177, 180, and 182, which, 

it was confirmed, were able to improve the service life 

of the bonding wire. A bonding wire according to claim 3 

corresponds to Nos. 95 to 127, 134, 135, 143, 144, 151, 

152, 159, 160, 167, 168, 176, and 177, which, it was 

confirmed, provided excellent collapsed ball shapes. A 

bonding wire according to claim 4 corresponds to Nos. 1 

to 127 and 136 to 180, which, it was confirmed, provided 

good wedge bondability. A bonding wire according to 

claim 5 corresponds to Nos. 1 to 135, 137 to 168, and 170 

to 188, which, it was confirmed, provided excellent wire 

feeding performance. A bonding wire according to claim 6 

corresponds to Nos. 170 to 188, which, it was confirmed, 

provided better wedge bondability. A bonding wire 

according to claim 7 corresponds to Nos. 182 to 188, 

which, it was confirmed, provided an excellent capillary 

service life. 
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Claims 

1. A bonding wire for ball bonding for a semiconductor 
device consisting of one or more of In, Ga, and Cd for a 

total of 0.05 to 5 at%, and a balance being made up of Ag 

and incidental impurities. 

2. The bonding wire for ball bonding for a 

semiconductor device according to claim 1, further 

containing one or more of Ni, Cu, Rh, Pd, and Pt for a 

total of 0.01 to 5 at%. 

3. The bonding wire for ball bonding for a 

semiconductor device according to claim 1 or 2, further 

containing one or more of Be, B, P, Ca, Y, La, and Ce for 

a total of 10 to 300 at ppm. 

4. The bonding wire for ball bonding for a 

semiconductor device according to any one of claims 1 to 

3, wherein a total atomic percentage of In, Ga, and Cd in 

a layer extending in a depth direction of 0 to 10 nm from 

a wire surface is equal to or larger than twice the same 

in a .layer extending in the depth direction of 20 to 30 

nm from the wire surface. 

5. The bonding wire for ball bonding for a 

semiconductor device according to any one of claims 1 to 

4, wherein an average grain size in a section in a 

direction perpendicular to a wire axis is 0.2 to 3.5 |>im, 

6. The bonding wire for ball bonding for a 

semiconductor device according to any one of claims 1 to 

5, wherein in measurement results obtained by measuring 

crystal directions in a section of the bonding wire, the 

section containing a wi re axis and being parallel to the 
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wire axis, the ratio of a crystal direction <100> having 
an angular difference of 15 degrees or less from a 
longitudinal direction of the bonding wire is between 30% 
and 100%, both inclusive, in terras of an area percentage. 

1. The bonding wire for ball bonding for a 
semiconductor device according to any one of claims 1 to 
6, wherein an average total atomic percentage of at least 
one or more elements selected from the group consisting 
of In, Ga, and Cd relative to a total of metallic 
elements in a layer extending in a depth direction of 0 
to 1 nm from a wire surface is equal to or larger than 
1.2 times the average total atomic percentage in a layer 
extending in a depth direction of 1 to 10 nm from the 
wire surface. 


